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Editorial on the Research Topic
 Clinical hypnosis




Hypnosis is a powerful and valuable tool in psychotherapy and medicine with a long history. The contemporary form of hypnotherapy mainly developed under the influence of Milton H. Erickson in the last century (Erickson, 1948). Distinct from any authoritarian or esoteric forms it pronounces in the center the patient, not the hypnotherapist; it is a permissive rather than a directive way of working, and a personal relationship instead of a collection of tools. With the patient in the center of the healing process, a unique feature of hypnotherapy at the central role of self-efficacy in the form of self-hypnosis. Some obstacles to a wider application of hypnosis in psychotherapy and psychosomatics and its re-union with medicine are a lack of conclusive studies and the limited access to specialized journals. Hypnosis journals are little known and often accessible only to insiders. More scientific evidence and more articles in scientific journals are needed. Practicing psychotherapists and physicians rarely come in contact with the world of hypnosis (Hansen, 2024). Therefore, the Research Topic “Clinical Hypnosis” in this recognized scientific open-access journal is a novel and great step. In 20 articles readers can get—even though without any claim of completeness—an idea of hypnosis and its potential in psychotherapy, psychosomatics, medicine, and dentistry.


Overview

In an overview, Peter briefly describes the history and development of hypnosis. Its roots can be traced back a long way, in modern times at least around 250 years to the proto-forms of today's psychotherapy. It played an important role in the period of Romantic medicine at the beginning of the 19th century and then again around 1900 in the form of suggestive hypnosis, before it was replaced by psychoanalysis and developments in pharmacology. Peter briefly discusses these periods and then describes the further therapeutic and scientific developments from the middle of the 20th century, when—by today's criteria—serious and still ongoing hypnosis research began, and—particularly through the influence of Milton H. Erickson—contemporary forms of hypnotherapy were developed. His outline of a basic understanding and the clearly scientific and serious representation of hypnosis is—in contrast to the irritating variety of presentations and applications found on the internet and with dubious self-proclaimed hypnosis gurus—particularly suitable for generating interest in the fields of medicine. Another essential key to accessing medicine is the evaluation and explanation of physiological basis of therapeutic techniques, in the case of hypnosis especially findings from electrophysiology and neuroimaging. Miltner et al. review such evidence, specifically the effects of hypnosis on brain functions and structures of chronic pain processing and control. Results of electroencephalography (EEG), magnetoencephalography (MEG), and event-related potentials (ERPs) are presented and discussed, as well as results from magnetic resonance imaging (fMRI) and positron emission tomography (PET). The authors undertake the laudable but difficult challenge to find explanations for the diverse and sometimes contradictory findings, and make valuable methodological suggestions for future research. Finally, the acceptance and application of hypnosis are based on scientific evidence. Accordingly, Rosendahl et al. review the meta-analytic evidence on the efficacy of hypnosis for mental and somatic health issues in the last 20 years. Significant effectiveness is documented for patients with chronic pain, cancer, or irritable bowel syndrome, as well as for painful medical procedures and child birth. Rather sparce evidence had been found for “classical” hypnotherapeutic applications, namely smoking cessation, obesity, somatic complaints and psychosomatic symptoms. This is not due to a lack of treatment efficacy but a lack of studies. Meta-analyses like this are the base for treatment guidelines, and increasingly will reflect “the state of the art” and determine acceptance and application of hypnosis, up to the coverage of treatment costs by health insurance companies. With reported 25% medium and 29% large effects, hypnosis deserves an important role in health care, which is not yet reflected in current use.



Hypnosis in psychotherapy and psychosomatics

Some examples of current, modern studies on the classical use of hypnosis, namely hypnotherapy, are given in this Research Topic. The article by Haipt et al. describes a special neurophysiological study of the functional connectivity of the default mode network (DMN) in a subgroup of depression patients. These patients had been treated with cognitive behavior therapy or hypnotherapy in a clinical RCT study (Fuhr et al., 2021) proving that hypnotherapy is as effective as the gold standard, cognitive behavior therapy. The present article reports the first study of its kind in which the DMN was investigated over the longer time span of a pre-post measure. It reveals differential effects of the two forms of treatment, which have already been shown by the same group in another study (Haipt et al., 2022). While several studies (see meta-analysis of Milling et al., 2019) indicate that hypnotherapy is an effective treatment for depression, this evidence is still lacking for the major area of anxiety disorders. Here now, the same working group from Tübingen in Germany demonstrates feasibility and effectiveness for this group of disorders in another RCT (Fuhr et al.). As a pilot study, however, it had too few patients to confirm the second hypothesis that hypnotic susceptibility is associated with COMT Val108/158 Met genotype and could predict treatment success for hypnotherapy, and further studies are advised. Batra et al. in the third RCT of this working group, show that hypnotherapy is not inferior to the gold standard cognitive behavior therapy in terms of effectiveness for smoking cessation. After six weekly sessions, 15% of patients stayed absent in the 12-month-follow-up in both treatment groups. With this study, hypnotherapy as a popular treatment for smoking cessation has received a scientific basis.

Hypnotherapy and cognitive behavior therapy were also the methods used in the clinical trial at the University of Ulm in Germany, as reported by Gelse et al.. They studied resource activation for lasting effects on wellbeing and stress management to test psycho-oncology as an integral part of oncology day care. This objective was well confirmed. The interventions each comprised only three individual 1-hour sessions, and treatment effects lasted up to 3 months after intervention. Chronic pain patients are often under opioid treatment, which is why psychological pain therapies are desirable at least as an adjunct. Hypnosis is not only one of the oldest but also one of the most effective methods for this (Peter, 2011; Rosendahl et al.). The team around Ogez et al. has developed a special hypnosis program, Hypnose de la Douleur (HYlaDO) as a self-hypnosis alternative for the treatment of chronic pain following the ORBIT model for designing interventions. Their preliminary evaluation showed significant short-term pain relief, a decrease in anxiety, and increased relaxation after one session, with long-term trends indicating improvements in physical activity and quality of life.



Hypnosis in medicine and dentistry

A successful and evidenced application of hypnosis in medicine is for irritable bowel syndrome (IBS) as presented in a mini-review by Häuser. This widespread disease affects the brain-gut axis and leads to functional disability and a diminished quality of life. Psychosocial factors can influence the development and chronicity of IBS within a biopsychosocial framework. Standardized hypnotic suggestions directed at the bowel are combined with personalized hypnotherapy, which is effective in both short- and long-term treatment of IBS. It is recommended in European and North American guidelines. It is available on audio cassettes and in digital health applications for mild cases, while severe IBS requires comprehensive, interdisciplinary, personalized treatment that includes individual hypnosis.

Patients undergoing cardiac surgery are particularly vulnerable to psychological trauma and disorders such as depression, anxiety, and post-traumatic stress disorder, which can impair their recovery. Medical hypnosis is an effective means of preventing and treating these psychological problems, leading to better health-related quality of life and cardiovascular outcomes. The article by Tigges-Limmer et al. highlights the effectiveness of medical hypnosis based on clinical experience from a large cardiac center in Germany. The authors advocate training medical hypnosis to cardiac surgery teams to support patient healing. Hypnosis is also frequently used in dentistry, for example, to treat dental anxiety. A study by Benz et al. aimed to determine whether standardized questionnaires on anxiety and personal coping strategies frequently used before dental treatment can influence anxiety levels. The results show that anxiety decreased in the group with the coping questionnaire and increased with the anxiety questionnaire.



Treatment influencing factors

Extensive research is concerned with the internal and external factors that play a role in hypnosis and hypnotherapy. One of the most important is hypnotizability, i.e. the individual responsiveness to hypnosis and suggestions. Rasch and Cordi investigated the influence of prior experience and type of presentation on the measurement of hypnotizability. They found that hypnotizability is a relatively stable personality trait that shows no major influence of pre-experience or modality of assessment. Di Filippo and Perri take up an old question: Is there a relationship between hypnotizability and attachment style (Peter et al., 2011; Wieder and Terhune, 2019)? They showed, contrary to Peter et al. (2011), that factors of insecure attachment were not associated with the level of hypnotizability, whereas it was associated with variations of consciousness during hypnosis. Siewert et al. tested the hypothesis that outcome expectancy plays a major role in hypnotherapeutic treatments and found that the beneficial effect of, at least, group hypnosis in distressed participants was not associated with outcome expectations. Objective measures of hypnotic trance seem desirable, and devices developed to monitor anesthetic depth might be closer to clinical applications than classical encephalography. Zech, Seeman, et al. report on changes in such an EEG-based index during hypnosis. For a standardized trance-induction, they chose a text used world-wide for hypnotizability testing, namely the Harvard Group Scale of Hypnotic Susceptibility (HGSHS). For higher feasibility of this widely used HGSHS, especially for clinical studies, a shortened version has been developed recently, comprising five instead of 12 test items (Riegel et al., 2021). Zech, Riegel, et al. present and discuss the available first results of this test in comparison to the full version. They describe non-normal score distributions with striking consequences for grouping into low and high hypnotizables. An interesting question is, whether hypnosis can be modulated by neurophysiological interventions. Perri and Di Filippi found evidence that subjects with lower hypnotic responsiveness benefit most from transcranial electrical stimulation (tDCS) of the dorsolateral prefrontal cortex (DLPFC).



Outlook

Finally, in this Research Topic on Clinical Hypnosis, an outlook to the future seems appropriate. New technical developments like virtual reality and artificial intelligence do not stop at or exclude hypnosis. How virtual reality can be combined with hypnotic induction and interventions is presented by Safy et al. The limited effects reported may reflect the common experience with hypnosis of the pivotal role of personal interaction and therapeutic relationship. Starting from the astounding results of a study on suggestions given during general anesthesia (Nowak et al., 2020) and evidence for perception also in other “disorders of consciousness,” Hansen proposes the application of hypnosis in patients who were previously largely excluded: unconscious patients. He argues that the appropriate language in this case is hypnotic communication, for “Touching the unconscious in the unconscious.” Ever since people have been studying the phenomena and effects of hypnosis, they have been asking questions about its nature. The answers have been very different since 1784 (Franklin et al., 2002) and sometimes very controversial. The debate about whether hypnosis is a special state of consciousness or just mundane, everyday socio-cognitive processes worried hypnosis researchers for decades (Lynn et al., 2015). It is therefore surprising that the theory of predictive coding has not yet been applied to hypnosis. Thus, we are proud to present the contribution of Zahedi et al. as a premiere for this novel theoretical framework.

We hope that with this Research Topic “Clinical Hypnosis,” hypnosis and its therapeutic potential achieve greater recognition and attention, and more patients can benefit from its supplementary use in medicine. Interested readers may find additional information and support from the International Society of Hypnosis (ISH; https://www.ishhypnosis.org) or the European Society of Hypnosis (ESH; https://www.esh-hypnosis.eu) and their national Constituent Societies, and specialized hypnosis journals (e.g., the International Journal of Clinical and Experimental Hypnosis or the American Journal of Clinical Hypnosis).
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Many attempts have been made to enhance hypnotizability. The most recent studies adopted the non-invasive brain stimulation to deactivate the dorsolateral prefrontal cortex (DLPFC) during hypnosis, indicating this as a promising approach. However, it is still no clear whether individual factors can predict the effects of stimulation on hypnotizability. In the present study we adopted the phenomenological consciousness inventory (PCI) to retrospectively assess the mental processes during hypnosis and to predict hypnotizability, here defined as “hypnoidal state.” The aim was to investigate the possible role of the hypnotic susceptibility on the efficacy of a validated approach of hypnosis enhancement through cathodal transcranial electrical stimulation (tDCS) of the left DLPFC. Results indicated that the lower hypnoidal state at baseline predicted the greater enhancement after the active tDCS. These findings suggest the subjects with lower hypnotic responsiveness as the best candidates for the tDCS interventions of hypnosis enhancement, at least for the montage targeting the left DLPFC. Neurocognitive underpinnings and clinical implications of the results are discussed.
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Introduction

Hypnotizability refers to the individual’s ability to experience hypnosis and hypnotic suggestions. Depending on the methods of assessment, hypnotizability can be measured in terms of behavioural suggestibility or phenomenological experience of hypnosis. Understanding the relation between hypnotizability and hypnosis is relevant to both basic and clinical research. It is for these reasons that attempts have been made to enhance hypnotizability through pharmacological (e.g., Bryant et al., 2012), psychological (e.g., Spanos, 1986) and magnetic stimulation approaches (Dienes and Hutton, 2013; Coltheart et al., 2018). The most recent findings in this field are those of our group documenting relevant increases of hypnotizability following inhibitory transcranial direct current stimulation (tDCS) of the bilateral (Perri et al., 2022) and unilateral (Perri and Di Filippo, 2023) portions of the dorsolateral prefrontal cortex (DLPFC). These studies were conducted on subjects generally falling in the medium range of hypnotizability, still leaving open questions regarding tDCS effects on different categories of hypnotic responsiveness. In fact, as some investigations documented enhancements for the low hypnotizables or “lows” (e.g., Bryant et al., 2012; Kasos et al., 2018), it is reasonable to hypothesize that possible differential effects may emerge for tDCS interventions as well. In order to test this hypothesis, in the present investigation we maintained the same paradigm of a previous study (Perri and Di Filippo, 2023) with the specific aim to consider the role of baseline hypnotizability on the magnitude of the tDCS effects on hypnotizability. Hypnosis was assessed through the phenomenological consciousness inventory (PCI) which adopts a retrospective phenomenological assessment, or noetic analysis, to quantify the mental processes during hypnosis and to predict hypnotizability, henceforth referred to as the “hypnoidal state” as in the PCI conceptualization (Forbes and Pekala, 1993). In fact, the noetic approach aims to quantify the processes and contents of subjective consciousness via the “snapshot” of the mind as provided by the PCI or similar types of quantitative retrospective inventories (Pekala et al., 2017).



Materials and methods


Participants

Thirty-six healthy volunteers participated in this study. They were recruited from the student population at the Niccolò Cusano University and randomly assigned to sham (N = 18, 6 males, mean age = 23.5 ± 3.5) and cathodal group (N = 18, 7 males, mean age = 23 ± 5.8). The study protocol was approved by the ethical committee of the IRCCS Santa Lucia Foundation (Prot. CE/2024_029) and was in accordance with the ethical standards of the 1964 Declaration of Helsinki. All participants gave their written informed consent before participating in the study.



tDCS and study design

Direct current was transferred by a saline-soaked pair of surface sponge electrodes (25 cm2) and delivered by a battery-driven constant current stimulator in a randomized, sham-controlled protocol. A unilateral extracephalic tDCS montage was adopted with the target electrode over the left DLFPC (F3 site of the 10/20 system) and the return electrode over the right deltoid. The target electrode provided a cathodal stimulation (negative current) delivered by the software-based BrainStim stimulator (EMS srl, Bologna, Italy). The current intensity was gradually increased for 10 s at the beginning of the stimulation session (ramp up), delivered at −2.0 mA for 18 min and decreased for 10 s at the end of the session (ramp down) to diminish its perception. In the sham stimulation, the ramp up was delivered for 10 s until reaching −2.0 mA, the current was transferred for 7 s and was followed by a ramp down lasting 10 s. After 18 min of no-stimulation, the ramp up-ramp down cycle was repeated. Participants were asked to guess the stimulation received (active or sham), but identification was at chance level. Also, potential adverse effects of tDCS were assessed by the experimenter at the end of each session, but none of the participants reported any significant adverse effect.

For all participants, the experiment started with the hypnotic induction and the PCI administration (pre-stimulation condition). Afterwards, tDCS stimulation was provided offline and then the hypnosis-PCI procedure was repeated again (post-stimulation condition). The whole experiment lasted about 110 min including instructions and individual rest time.



Phenomenological hypnotic assessment: the PCI-HAP

The phenomenological consciousness inventory: hypnotic assessment procedure (PCI-HAP) is a phenomenologically based hypnotic assessment instrument. Administration of the PCI-HAP includes different steps: the pre-assessment, a 20 min standard induction procedure including the hypnotic dream of being on vacation, the post-assessment, and completion of the PCI by the client after the session. The PCI is a retrospective 53-item self-report questionnaire assessing the phenomenological experience in reference to a specific stimulus condition during hypnosis (2 min in which participants were told to sit quietly and “just continue to experience the state you are in right now”; Pekala and Kumar, 2007; Pekala et al., 2010). The PCI explores the phenomenological experience through 14 minor and 12 major dimensions of consciousness (e.g., volitional control, self-awareness, internal dialogue). Moreover, the PCI-HAP provides four major domains including the average total expectancy score (ATES) assessing the hypnotic expectancy; the imagoic suggestibility score (ISS), that is the vividness of visual imagery during the hypnotic dream; the self-perceived hypnotic depth score (sr-HDS), and the hypnoidal state score (HSS). The HSS is a measure of “hypnotic state” that correlates about 0.60 (Pekala and Kumar, 1984; Forbes and Pekala, 1993) with scores on the Harvard Group Scale of hypnotic susceptibility (Shor and Orne, 1962). The HHS generates an estimate of Weitzenhoffer’s conceptualization of hypnosis and it is based on a regression equation considering 10 of the PCI (sub)dimensions: the HSS may be the only phenomenological, quantifiable measure of hypnosis available to date (Pekala, 2015; Pekala et al., 2017).



Statistical analysis

Normal distribution of data was verified using the Shapiro–Wilk test. The major domains of the PCI-HAP (ATES, ISS, sr-HDS and HSS scores) and the subdimensions of the PCI were submitted to 2 × 2 RM-ANOVAs with Group (sham, cathodal) and Session (pre-, post-stimulation) as independent and dependent factor, respectively. Results were corrected for multiple comparisons using the Fisher’s Least Significant Difference (LSD) test, and the effect size was calculated as partial eta squared (η2p; ≥0.01, small effect; ≥0.06, moderate effect; ≥0.14, large effect; Cohen, 2013).

To test for the role of hypnoidal state as a predictor of the tDCS effects on the same construct, simple linear regression analysis was performed with Baseline HSS as independent or explanatory X variable, and Differential HSS (measured as post- minus pre-stimulation HSS) as dependent or response Y variable. The overall α level was fixed at 0.05.




Results

ANOVAs on the major domains of the PCI-HAP revealed no significant effects for the ISS and sr-HDS scores (all p-values > 0.05), while a significant effect of Session emerged for the ATES (F1,34 = 9.74, p < 0.01, η2p = 0.23), indicating greater expectancy for the post-tDCS hypnosis, regardless of the stimulation received. ANOVA on the HSS revealed a significant Group × Session interaction effect (F1,34 = 9.84, p < 0.01, η2p = 0.22): post-hoc analysis documented significant differences between the pre- and the post-stimulation for both the cathodal (HSS increase of about 13%; p < 0.05) and the sham group (HSS decrease of about −10%; p < 0.05). As for the PCI subdimensions, significant interaction effects emerged for absorption (F1,34 = 4.15, p < 0.05, η2p = 0.12), altered state (F1,34 = 17.26, p < 0.001, η2p = 0.35) and memory (F1,34 = 7.04, p = 0.01, η2p = 0.18). In particular, while Altered State decreased as a repetition effect (i.e., after placebo), absorption and memory were affected by active stimulation in terms of an increase and decrease, respectively. See Figure 1 for a graphical representation of the significant results.

[image: Figure 1]

FIGURE 1
 Hypnoidal State Score (HSS) (left), major (middle) and minor dimensions (right) of the PCI for the cathodal and sham group in the pre- and post-tDCS sessions. *p < 0.05.


Regression analysis indicated the baseline hypnoidal state as a significant predictor of the active tDCS effects on the same construct (r2 = 0.387, β = −0.622, p < 0.01), while no significant results emerged for the placebo stimulation (r2 = 0.8, β = −0.28, p > 0.05). In other terms, the lower the baseline hypnoidal state the greater the post-cathodal increase of HSS, as depicted in the scatterplot of Figure 2.

[image: Figure 2]

FIGURE 2
 Scatterplot of the regression analysis considering the baseline HSS as a predictor of the tDCS effects on HSS. Differential HSS is calculated as post- minus pre-stimulation HSS score.


In order to deepen the role of baseline hypnoidal state on the tDCS effects, we also provided descriptive statistics on subsamples of subjects selected for their hypnoidal state score. In particular, according to the PCI classification, we adopted the score of 5.00 as a threshold to distinguish subjects with higher (HSS >5.00) and lower (HSS <5.00) responsiveness to hypnosis. This approach yielded the four subsamples described in Table 1: no direct groups comparisons were performed as the small sample size would compromise the statistical reliability.



TABLE 1 Size and scores of the HSS subsamples in the pre- and post-tDCS sessions.
[image: Table1]

The subsamples were labelled as medium-lows and medium-highs as they fall into the category of mild (HSS score: 3.01–5.00) and moderate (HSS score: 5.01–7.00) hypnoidal state according to the PCI scoring. As reported in Figures 3, a possible variation of the HSS emerged for the cathodal medium-lows as its mean value changed by 36.2% after the active tDCS.

[image: Figure 3]

FIGURE 3
 Hypnoidal state scores (HSS) of the subsamples of medium-highs (HSS >5.00) and mediums-lows (HSS <5.00) for active and sham stimulation in the pre- and post-tDCS sessions.




Discussion

Results of the present research replicated the main findings of previous tDCS studies on hypnosis responsiveness (Perri et al., 2022; Perri and Di Filippo, 2023). Data indicated that cathodal stimulation of the left DLPFC increased the hypnoidal state by 13%, which on the contrary decreased by 10% after the placebo stimulation. The latter data is relevant as well, as it suggests a detrimental learning effect for hypnosis experience which had not yet been detected previously. Obviously, it refers to a very short repetition time as the second hypnosis was administered about 30 min after the end of the previous one: it is still unclear if a similar effect would also occur with hypnosis re-administered over a longer period. It is also noteworthy that the expectancy score (the ATES domain of the PCI-HAP) increased for the post-tDCS hypnosis regardless of the stimulation received. Overall, these data demonstrated that (i) the tDCS apparatus acted per se on the individual expectancy (as predictable); (ii) sham was a good placebo as subjects were unaware of the assigned group and its effects were opposite to active stimulation; (iii) hypnosis expectancy did not explain the HSS changes as the hypnoidal score was affected differently by tDCS stimulations.

As for hypnotic susceptibility, the participants reflected the prevailing distribution of the general population, that is mostly a medium level of hypnotizability. In fact, very large recruitments would be needed to select high or low hypnotizables, but assumptions on these “special” categories would not be representative of the general population (Jensen et al., 2017; Perri, 2022; Kekecs et al., 2023). At the opposite, approach of this study allowed us to test the role of baseline hypnoidal state as a predictor of the tDCS effects on the hypnotic experience as assessed by the HSS score of the PCI (Pekala, 2015). In particular, regression analysis demonstrated an inverse relationship between the pre- and the post-tDCS hypnoidal state in the active group. In other terms, the lower hypnoidal state at baseline predicted the greater enhancement after the left DLPFC deactivation. Furthermore, by dividing the whole group into subsamples we directly observed two categories of hypnoidal state, namely the medium-lows and the medium-highs. The descriptive statistics indicated a possible variation of HSS for the subsample of medium-lows (mean HSS = 3.5 on a 0 to 9 scale) as its hypnoidal score changed by 36% after cathodal tDCS. However, due to the small sample size, we cannot support this last observation with statistics and further studies are needed to clarify the effects of tDCS on specific categories of hypnotizability. If confirmed, this finding would indicate individuals with a mild hypnotic susceptibility as the best candidates for the hypnotizability enhancement interventions through tDCS. On the contrary, the reasons for the apparent tDCS ineffectiveness on the medium-highs can be many: for example, (i) it could be possible that a sort of ceiling effect is reached in the hypnotic abilities, making the most skilled individuals insensitive to neurostimulation; (ii) all or at least most individuals have the resources for a good hypnotic experience, but for some reasons the lower hypnotizables still need to uncover them; (iii) tDCS montage of this study is tailored for low hypnotizables as their executive functions are less flexible in achieving the DLPFC deactivation primed by neutral hypnosis (Dienes and Hutton, 2013; Landry et al., 2017; Perri et al., 2020). In order to test these hypotheses and overcome limitations of this study, future investigations with larger samples of highs and lows, and adopting different montages and direct measurements of hypnotizability are needed. In fact, one could test whether stimulating the suggestions-related brain areas would allow greater suggestibility on behavioural measures, and whether the effects are common to all or specific for some hypnotizability categories. Nevertheless, even if efficacy were only confirmed for mild hypnotizables, these findings could have relevant empirical meanings. In fact, the lower hypnotizables would be more in need of boosting interventions when involved in hypnotic procedures: not all the treatments are sensitive to hypnotizability, but a predictor effect of hypnotizability has been documented for clinical outcomes of interventions such as hypnoanalgesia (for a meta-analysis see Thompson et al., 2019).

In conclusion, present study confirms the potential efficacy of the transcranial electrical stimulation as a hypnotizability enhancement procedure, although studies in this field are still in their infancy. Also, the predictor role of HSS prompts future investigations to consider baseline hypnotizability when testing any intervention of hypnosis alteration.
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A number of case studies describing hypnotherapy in the treatment of anxiety disorder patients have already been published. Only a few randomized controlled trials (RCTs) investigated the efficacy of hypnotherapy but focused mainly on symptoms rather than specific mental disorders. The goal of this study was to investigate whether hypnotherapy (HT) was superior to a waitlist control group (WL) in the reduction of agoraphobia-related symptoms. Further goals were to report the feasibility of hypnotherapy as well as attrition and completion rates and detect (epi-)genetic variables, which might play a role in treatment outcome. This pilot study was based on a monocentric two-armed randomized controlled rater-blind clinical trial that was conducted between 2018 and 2020 with a waitlist control group. A total of 36 patients diagnosed with agoraphobia were randomized to either HT or WL. Patients in HT received individual outpatient treatment with hypnotherapy with 8 to 12 sessions for a period of 3 months. Patients in WL received HT after 3 months. Agoraphobia-related symptoms were assessed at baseline, after the treatment, and 3 months later in both groups with a clinician rating. The primary hypothesis concerning the difference between groups in the individual percentage symptom reduction could be confirmed in the intention-to-treat, not the per-protocol sample. Additionally, we applied repeated-measures analyses of variance and found a higher symptom decrease in HT compared with WL patients in three of the five imputed datasets. The dropout rate was low, and satisfaction with the treatment was high. HT patients experienced a strong symptom reduction after receiving hypnotherapy. WL patients improved slightly during the waiting period. The COMT Val108/158Met genotype had an effect on the agoraphobia-related symptoms as well as on COMT DNA methylation levels. This is the first study to indicate that hypnotherapy performed better than a waitlist control group regarding the reduction in anxiety symptoms in an RCT. Future studies should confirm the efficacy of hypnotherapy and compare the treatment with a standard treatment for anxiety disorders in a larger trial. Future studies should also investigate whether hypnotic susceptibility is associated with COMT Val108/158Met genotype and could predict treatment success for HT.

Clinical trial registration: https://classic.clinicaltrials.gov/ct2/show/NCT03684577, identifier: NCT03684577.
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agoraphobia, psychotherapy, hypnotherapy, (epi-)genetic, feasibility


1. Introduction

Mental disorders in Europe are estimated to affect ~164.8 million citizens, which corresponds to more than one-third of the population per year (Wittchen et al., 2011). For agoraphobia with and without panic disorders, lifetime prevalence rates of 2.6% were found in adults with higher rates in women compared to men in the United States (Kessler et al., 2012). In Europe, about 2% are diagnosed with agoraphobia (Goodwin et al., 2005; Wittchen et al., 2011). Concerning Germany, the 12-month prevalence for anxiety disorders is almost 16 and 4% for agoraphobia, with women showing higher prevalence rates than men (Jacobi et al., 2014). The current national and international guidelines regarding the treatment of anxiety disorders (National Institute for Health Care Excellence, 2011; Bandelow et al., 2014, last updated 2020) recommend psychotherapy alternatively to pharmacological treatment with the highest evidence. The psychotherapy with the highest evidence is CBT (National Institute for Health Care Excellence, 2011; Bandelow et al., 2014). Most efficacious treatments, such as CBT, include exposure techniques (see Kaczkurkin and Foa, 2015), and CBT with exposition in vivo therefore is considered to be the gold standard treatment in agoraphobia (National Institute for Health Care Excellence, 2011; Kaczkurkin and Foa, 2015). Despite the high evidence for CBT, response rates across several studies in anxiety disorders are only ~50% (Loerinc et al., 2015). Up to one-third of patients with panic disorder and agoraphobia report residual symptoms 2 years after treatment with CBT (Gloster et al., 2013). To improve outcomes, alternative or new treatments have been developed, and compared with CBT, for example, interpersonal psychotherapy (IPT), new treatment strategies added to CBT, or comparing traditional forms (face to face) with internet-based delivered psychotherapy. In one comparison, CBT was superior to IPT in patients with panic disorder with agoraphobia concerning the primary outcome, such as the frequency of panic attacks, but not the secondary outcomes such as anxiety cognitions and feelings (Vos et al., 2012). Internet-based CBT was as effective as CBT delivered face to face in a pilot study (Kiropoulos et al., 2008). Comparing the “traditional” form of psychotherapy with CBT, short-term psychodynamic psychotherapy of panic disorder with and without agoraphobia seems to be comparably effective as CBT in a comparative review, but the included studies showed high risk of bias (Papola et al., 2022). Recently, interventions with imagery rescripting have been evaluated regarding their efficacy for anxiety disorders, as, for example, social phobia or PTSD (Arntz, 2012; Strachan et al., 2020), but not (yet) agoraphobia.

Hypnotherapy could offer an alternative treatment option. Concerning the treatment of agoraphobia, some advantages of hypnotherapy can be identified. Techniques, such as the imagination of an inner safe place, showed good results in the treatment of post-traumatic stress disorders (PTSD, Zehetmair et al., 2018). The safe place is also recommended as a strategy in schema therapy for personality disorders (Arntz, 2011) and is commonly used at the beginning of treatment with hypnotherapy. In hypnotherapy, trance inductions could be used to strengthen experiences in an exposure-based treatment in sensu, as, for example, recommended by Wolpe (1964) for introducing systematic desensitization. Thus, the imagined experience can be amplified and thereby modify perception and somatic responses, as outlined by Spiegel (2013). As another advantage, with hypnotic dissociation, the psychological and physiological aspects of anxiety can be compartmentalized (2013). If the situation triggering the initial agoraphobia is not consciously known, the use of hypnotic regression may be helpful. Comparable to imagery rescripting (Arntz, 2012), a past negative experience can be replaced by a new desired course of the event using hypnotic regression and reparenting. A new hypnotherapy approach included both stabilization techniques and also hypnotic regression similar to imagery rescripting and was initially published as a chapter in a German book on hypnosis (Revenstorf and Peter, 2015, Chapter 35). However, evidence for hypnotherapy in the treatment of specific anxiety disorders is scarce. In the only RCT with the primary diagnosis of agoraphobia and panic disorder, a standard exposure treatment was compared with an additional self-hypnosis training in a crossover design (Van Dyck and Spinhoven, 1997). The combined treatment, however, did not show superiority to the exposure treatment (Van Dyck and Spinhoven, 1997). Imagery rescripting, hypnotic regression, or inducing a safe place, however, were not part of their hypnosis training. In a recent study (Calzeroni and Giacosa, 2019), hypnotherapy was compared with cognitive therapy in the treatment of panic disorder. There were no differences between both treatments in clinical outcomes. However, the allocation was not random, which limits the interpretability of the results. Even though there are treatment concepts that add hypnotherapy methods, such as hypnotic trance, posthypnotic suggestions, and imagery, to CBT treatments, such as desensitization and exposure (Golden, 2007, 2012; Alladin, 2016), there are no RCTs to show empirical support. For example, Golden (2007, 2012) introduced a combined cognitive therapy with techniques of hypnotherapy but also criticized that evidence-based trials are missing. The meta-analysis by Ramondo et al. (2021) updated the results for hypnosis as an adjunct treatment to CBT and also included results from unpublished doctoral dissertations. However, none of the studies included in this meta-analysis treated patients with agoraphobia, and overall, the effect size for the CBTH combination was not superior compared to CBT alone in the treatment of “anxiety” (including phobias such as public speaking and test anxiety, dental anxiety, stress disorders, and other non-clinical samples) (Ramondo et al., 2021). A meta-analysis by Valentine et al. (2019) concluded that hypnotherapy can reduce symptoms of anxiety. However, no study included patients with a clinically confirmed diagnosis of an anxiety disorder according to international classifications and the allocation to the treatment in most of the studies was not random. Case reports show the first indications of the feasibility and acceptance of hypnosis (Gruenewald, 1971; Harris, 1991; Kraft, 2011). Some of those describe the treatment with hypnotherapy in agoraphobia and panic disorders and also used hypnotic regression (Gruenewald, 1971; Delmonte, 1995). Indirect evidence for the effects of hypnosis in reducing anxiety could be found by reduced activation of the related brain areas of the fear network (anterior cingulate cortex, insula, and also the hippocampus) during hypnosis in patients with dentist phobia (Halsband and Wolf, 2015). When providing safety during hypnosis, high suggestible participants showed a reduced response to rewards as measured by a reduction of the amplitude of a P300 in a risk task (Schmidt et al., 2020). Up to date, no clear evidence-based implications can be drawn.

The etiology of anxiety disorders is influenced by genetic as well as environmental factors, e.g., stressful live events (Hettema et al., 2001; Faravelli et al., 2012) and interactions between them (G × E, Nugent et al., 2011). One mediator of those G x E interactions is the epigenetic regulation of gene expression (Bartlett et al., 2017). The best studied epigenetic mechanism is DNA methylation (DNAm), the covalent modification of cytosine in a cytosine–guanine dimer (CpG site). DNAm of a promoter region is generally associated with decreased expression of the concerned gene (Jones, 2012).

Genetic variance and differential DNA methylation in several genes have been reported as being associated with agoraphobia and panic disorder (e.g., Lueken et al., 2016; Gottschalk and Domschke, 2017; Schiele et al., 2020). An interesting variant in this context is the COMT Val108/158Met polymorphism, which has been associated with anxiety susceptibility and anxiety-related traits (Stein et al., 2005; Baumann et al., 2013; Howe et al., 2016). Furthermore, it has also been found associated with hypnotizability; however, the results are partly contrary regarding the direction of the effect (Lichtenberg et al., 2000, 2004; Szekely et al., 2010; Rominger et al., 2014; Storozheva et al., 2018). Still, this remains an intriguing discovery with regard to the potential option of personalized psychotherapy. There is increasing evidence that epigenetic markers could also prove to be useful in the context of personalized psychotherapy, as some studies reported epigenetic effects correlating with psychotherapeutic treatment success in anxiety disorder patients (Eley et al., 2012; Roberts et al., 2014, 2015, 2019; Ziegler et al., 2016, 2019; Moser et al., 2022). However, for hypnotherapy, no such (epi-) genetic approaches have been reported yet.

The purpose of this study was to examine, in a randomized controlled trial of patients with the diagnosis of agoraphobia according to DSM-5, if hypnotherapy (HT) results in a higher symptom reduction in anxiety in a clinician-rating compared to a waitlist control group (WL). We will also report results concerning the WL after they received the HT treatment as well as the 3-month follow-up for patients initially receiving HT. Furthermore, we examined feasibility, attrition and completion rates, and safety. In a subsample of the patients, the potential of the COMT gene to function as an (epi-)genetic marker for hypnotherapeutic success was evaluated. Participant's COMT Val108/158Met genotype and changes in COMT DNA methylation (DNAm) over the course of the intervention were assessed to investigate the predictive value of genetic and/or epigenetic factors on response to hypnotherapy.



2. Methods


2.1. Trial design

The clinical pilot study was based on a 2 × 2 mixed design with the factor time (pre and post) and the factor treatment condition (HT vs. WL). Additionally, the assessments were repeated 3 months after post (3 months follow-up for HT, respectively, postassessment for WL). A blockwise randomization sequence was created using nQuery 7.0 (Statsols, Cork, Ireland) for up to 50 patients by an external institute for biometry and clinical epidemiology. The authors assert that all procedures contributing to this study comply with the ethical standards of the relevant national and institutional committees on human experimentation, with the Helsinki Declaration of 1975, as revised in 2008, and with the General Data Protection Regulation of the European Union. All procedures involving human subjects/patients were approved by the Ethics Committee of the University Hospital Tübingen (546/2018BO2). The trial was registered with ClinicalTrials.gov before recruiting participants (NCT03684577).



2.2. Trial sample

During the recruitment period, a total of four e-mails announcing the study were successively sent to all members of the university and the university hospital (probably over 30,000 recipients altogether), two announcements were placed in the local newspapers, and flyers and posters were sent and distributed to pharmacies and hospitals around Tübingen. The main inclusion criterion was the diagnosis of current agoraphobia according to the Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-5, American Psychiatric Association, 2013). A further inclusion criterion was being at the age of 18–65 years (the official age for employment in Germany at that time). We excluded patients with a lifetime diagnosis of a bipolar disorder or psychotic disorder, acute suicidality (intended action, concrete plans, or intermittent pronounced suicidal ideation), drug or alcohol use disorder in the last 12 months, or if patients had other severe primary mental disorders (for example, the diagnosis of a current major depressive episode, personality disorder of borderline type with self-injury, actual post-traumatic stress disorder, or anorexia nervosa), if patients were on anxiolytic medication, and if patients attended another outpatient psychotherapy during the last 12 months. The Mini-International Neuropsychiatric Interview (M.I.N.I., Sheehan et al., 1998), adapted for DSM-5, was used to assure inclusion and exclusion criteria for the study and to assess potential comorbid psychiatric disorders. Comorbid disorders, like panic attacks, panic disorder, social anxiety, major depression lifetime, or an obsessive-compulsive, dependent, or insecure personality disorder, were allowed. An antidepressant medication that is also approved for the treatment of anxiety disorders was allowed in case medication had been stable for at least 8 weeks prior to study inclusion. In total, 67 patients were interested in participation. Of these, 27 patients declined participation before screening. Reasons were that patients were currently in psychotherapy treatment (n = 5), had another anxiety problem (n = 8, such as fear of spiders, dogs, heights, obsessive–compulsive disorder, or social anxiety), refused to participate (n = 4), or there were other reasons (n =10) why patients could not attend the screening. A total of 40 patients were screened for eligibility. After screening, four patients were excluded because they did not meet inclusion criteria or refused to participate after screening. In total, 36 patients were included in the trial and randomized to either HT (n = 18) or WL (n = 18). For details on the patient flow, see the CONSORT diagram in Figure 1.
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FIGURE 1
 CONSORT diagram. Trial enrollment, randomization, and follow-ups.




2.3. Assessments
 
2.3.1. Primary endpoint

The primary endpoint of the study was the 13-item clinician-rating Panic and Agoraphobia Scale (PAS, Bandelow, 1999), assessed at baseline (t1) and the end of the treatment (t2) comparing HT and WL. The primary outcome was the percentage symptom reduction in the PAS score calculated for each patient separately. The internal consistency at baseline was high with α = 0.85. The inter-rater reliability for the PAS score between two raters was ICC = 0.97 with a randomly selected sample of n = 27 interviews of the three different raters (nine PAS interviews of each rater) who were involved in the trial.



2.3.2. Secondary endpoints
 
2.3.2.1. Attrition and completion rates

Dropout was defined as withdrawal from participation after randomization, discontinuation of the study treatment before eight sessions, and missing data at the assessment after the end of the intervention.



2.3.2.2. Satisfaction

Satisfaction at the end of the treatment regarding the treatment and the therapist was assessed with visual analog scales (range 0–100, numerically transformed). To ensure the blindness of raters, patients were encouraged to complete the satisfaction rating individually after their treatment (HT patients after 3 months; WL patients after 6 months) and send it back to the study center in a stamped envelope.



2.3.2.3. Safety

During the trial, serious adverse events (SAEs) were assessed. SAEs were defined as (1) a lethal event, (2) suicidal ideations, (3) hospitalization for somatic reasons for 24 h or more, (4) hospitalization for psychiatric reasons, (5) invalidity, and (6) any other medically relevant state.

All assessments were conducted at baseline (t1), postassessments 3 months later (t2), and the follow-up after 3 months (t3). For epigenetic assessments, another follow-up for only the WL group 3 months after receiving HT (t4) was conducted.



2.3.2.4. (Epi-)genetic methods/assessments

All randomized patients in the study were invited to take part in the (epi-)genetic assessments, which was described as an additional voluntary study. Participants of the (epi-)genetic pilot study received 10 € to compensate for their time.

DNA of the participants was obtained using Oragene OG-500 saliva collection tubes (DNA Genotek™; Ottawa, Canada). The DNA isolation and purification were performed using a prepIT.L2P kit (DNA Genotek™) according to the manufacturer's protocol. DNA quantity was measured using Qubit® dsDNA BR Assay Kit (Thermo Fisher Scientific Inc.; Waltham, USA).

Sodium bisulfite conversion for epigenetic analysis was performed using EpiTect® Fast DNA Bisulfite Kit (QIAGEN GmbH; Hilden, Germany) according to the manufacturer's protocol.

Amplification of the targeted sequence was performed by PCR using PyroMark PCR Kit (QIAGEN GmbH) following the manufacturer's instructions. The primer design was adopted by Mill et al. (2006), with the reverse primer containing a biotin tag at its 5′ end. To test for successful amplification, the PCR products were run on a 2% agarose gel.

Analysis of the DNAm at the two CpG sites of interest (GRCh38/hg38 chr22: 19,962,527–19,962,567) was performed by pyrosequencing using the PyroMark Q24 system (QIAGEN GmbH, software version 2.0.7) according to the manufacturer's protocol. Two technical replications of DNAm levels per analyzed CpG site, differing by no more than 3%, were assessed per time point and participant.

Identification of the participant's COMT Val108/158Met genotypes was performed as described in Thomas et al. (2019). Accuracy was assessed by duplicating 15% of the original sample, and reproducibility was 100%. The genotype frequencies did not deviate from Hardy–Weinberg equilibrium (HWE; p = 0.12).




2.4. Hypnotherapy

Hypnotherapy consisted of 8–12 individual sessions of 50 min each over a period of 3 months. Up to three double sessions were allowed to compensate for breaks or to intensify the hypnotic experience. HT for agoraphobia is based on the theoretical humanistic assumption that agoraphobia-related symptoms arose as a positive solution strategy to overcome a personal problem in the lifetime history. Thus, the most important module of HT is based on a hypnotic symptom regression technique to reframe the past problematic situation in a more constructive way similar to imagery rescripting. For example, after exploring the past situation, patients were offered to either solve the last situation (writing an imagery script for a new end/continuing the frozen script), or realize that they overcame and survived this situation, or negotiate questions of guilt. Other modules of HT include the introduction of a safe place, hypnotic activation and reinforcement of personal resources, and the use of relevant positive experiences from the biography as stabilization techniques at the beginning of the treatment. HT was embedded in a cognitive-behavioral (CBT) framework and also included psychoeducation about hypnosis and agoraphobia using a psychophysiological model to explain anxiety symptoms, similar to CBT. Other techniques were formal trance induction, utilization techniques, metaphors, and posthypnotic suggestions. Ideomotor signals, such as an arm or hand levitation, were used to indicate non-verbal responses and to intensify the hypnotic experience. Other CBT techniques, such as systematic desensitization, in vivo exposure, or addressing and modifying maladaptive thoughts were not part of the HT treatment.

Two female therapists with a certificate in clinical hypnosis and with more than 10 years of professional experience with hypnotherapy received intensive training in the treatment manual. The therapists were 50 and 55 years old. The therapists were responsible for the treatment of all patients (including the 18 patients of WL after their 3-month waiting period).

Treatment fidelity was assessed at the end of the trial by two raters who were not involved in the treatment at any time. The raters were trained in the treatment manual and the fidelity ratings in a 1-day training. They listened to 48 randomly selected therapy sessions (BK: n = 26, SP: n = 22). Inter-rater reliability was calculated across eight randomly selected sessions that were rated by both raters and was very high with ICC = 0.92. HT fidelity consisted of up to 11 different techniques that could be applied in any HT session (resource activation, formal trance induction, seeding with meaningful messages, use of metaphors, work with time progression/regression, posthypnotic suggestions, externalization, utilization, ideomotor signs, association/dissociation, and psychoeducation). The items for the HT fidelity were developed during another trial regarding the treatment of major depression with HT (Fuhr et al., 2021). The 11 different techniques could be rated with a frequency of 1–3 for each treatment session resulting in an overall score of a maximal 33. In total 60% of the rated sessions had a score of 15 or higher with an average M = 16.10 (SD = 7.84). On average, six of eleven techniques were used in the treatment sessions (M = 5.88, SD = 2.73, Median = 6.00). Raters [t(46) = 0.06, p = 0.950] and therapists [t(46) = −1.05, p = 0.301] did not differ in the ratings of fidelity.



2.5. Procedure

Patients were recruited and screened between October 2018 and January 2020 at the study site at the University Hospital of Psychiatry and Psychotherapy, Tübingen. Written informed consent was obtained from all the patients after the procedures for participating in the trial had been fully explained. Afterward, eligible participants were randomly assigned 1:1 to either HT or WL. Patients were also invited to take part in the (epi-)genetic study before their first session.

Treatment assignment for each patient was communicated via email between the statistical center of the trial (IKEAB) and the study center shortly after inclusion. The details of the randomization sequence were unknown to the investigator, the coordinator, and the therapists. Follow-up assessments took place after 3 months (postassessment for HT patients, t2) and another 3 months later (follow-up for the HT patients, postassessment for the WL patients after receiving the treatment, t3). For an overview of the timeline, see the CONSORT, Figure 1. Raters at follow-ups were blind concerning the treatment condition of the patient. A total of three raters were involved in the baseline and two in the follow-up assessments. Raters had at least a bachelor's degree in psychology, participated in a course in clinical interviewing at university or elsewhere, and underwent specific half-day training in the interviews for this study. With patient consent, baseline and follow-up interviews as well as therapy sessions were recorded on digital audio-tapes to calculate the inter-rater-reliability of the PAS between the original rating and a blind second rating and for the assessment of treatment fidelity. The raters documented whether they were unblinded by the patients at follow-ups. The last therapy sessions and ratings for the post-test in HT were conducted in March and April 2020, respectively, in July 2020 in WL, with the last four patients switching to video therapy or telephone-based clinical interviews because of the COVID-19 lockdown in Germany. The investigators and authors of the study were blinded with respect to the results until the database was closed in September 2020.

Saliva sampling was conducted at the University Hospital of Psychiatry and Psychotherapy, Tübingen, for t1. At post and follow-up, sampling sets were mailed to the participants, who collected their saliva independently, before sending the sampling back to the laboratory.



2.6. Statistical analysis plan
 
2.6.1. Power analysis

Assumptions were made for a one-tailed t-test between two independent groups with an expected large effect size (d = 0.80) based on the results summarized in Bandelow et al. (2014, p. 35), an alpha level of α =0.05 and a power (1 – β) of 86%. With a 1:1 allocation, a sample size of 24 patients in each of the two groups (total N = 48) would have a current power of 86% (non-centrality parameter δ = 2.77, critical t = 1.68). Sample size calculation was conducted using G*Power (Faul et al., 2007).




2.6.2. Analysis of the primary endpoint

The primary analysis should be based on the primary endpoint, the individual percentage improvement in the PAS score, conducted with the intention-to-treat (ITT) sample with all patients being randomized in the trial. Since the normal distribution of the individual percentage improvement was violated, we decided to use non-parametric Mann–Whitney U-tests instead of the initially planned one-sided independent t-tests. P-values will be reported one-sided (divided by 2). For the ITT analysis, we decided to replace missing data with the multiple imputations method (MI). Thus, after assuring that the missing data of the primary outcome measure were random, we generated five imputed datasets based on a linear regression imputation algorithm automatically generated by SPSS. The primary analyses were conducted separately for each of the five imputed data sets. The descriptive values of the five imputations will be reported separately. Analysis of the per-protocol (PP) sample served as a sensitivity analysis. Treatment participation was considered as PP if the patient attended eight or more sessions, and complete data were available at the postassessment after 3 months (t2). Single missing values in PAS items (n = 4 at t1, 3 at t2, and 2 at t3) were replaced by regression estimates.



2.6.3. Analysis of secondary endpoints

As power was low for our primary analysis, we conducted a repeated-measures analysis of variance (rmANOVA) regarding the PAS pre and post scores between both groups which were normally distributed, reporting two-sided significance results and aggregated descriptive values of the imputed datasets. We also compared the improvement in the PAS pre–post and differences between groups at post with Cohen's d effect sizes. As another exploratory analysis, we compared the symptoms between groups at the 3 months follow-up t3 (respectively, postassessment for the WL patients).

We will report the satisfaction with the treatment as well as completion and attrition rates with reasons for discontinuation as well as the number and type of reported SAEs.

The statistical analysis was performed with SPSS® Statistics 27.0 (IBM® Ehningen, Germany). The authors and investigators of the current trial were blind concerning the primary endpoint until the database was closed in August 2020.



2.6.4. (Epi-)genetic analyses

For epigenetic analyses, the participants from HT and WL were combined to compare COMT DNAm levels at pre, post, and follow-up (t1–t3 for HT; t2–t4 for WL). Statistical data analysis was also performed using SPSS® Statistics 27.0 (IBM® Ehningen, Germany). The technical replications of DNAm were averaged for statistical analyses. After confirming the correlation of the DNAm at both assessed CpG sites, the means were averaged to calculate an overall DNAm mean of the COMT promoter region per time point and participant, in the following, referred to as DNAm at pre, post, and follow-up, respectively. Three variables deviated from normal distribution according to the Shapiro–Wilk test (“PAS score at t3,” “mean DNAm at t1,” and “mean DNAm at t3”). Thus, to conduct a non-parametric alternative of a rmANOVA, including interaction terms, van der Waerden's normal scores of the ranks of the dependent variable used in the respective model were utilized, as has been proposed before (Conover and Iman, 1981; Zimmerman and Zumbo, 1993; Mansouri and Chang, 1995). To ensure comparability of the results, this approach, in the following referred to as NSrmANOVA, was applied for all comparisons of PAS and DNAm, including normally distributed dependent variables. After rank transformation, normality was confirmed, again by Shapiro–Wilk test. Sphericity was tested using Mauchly's test. In the case of a significant Mauchly's test, Greenhouse–Geisser correction was applied for Greenhouse–Geisser ε < 0.75 (Girden, 1992).





3. Results


3.1. Feasibility, attrition, and completion rates

The dropout rate in HT was low (n = 3, 16.67%). One HT patient did not attend any therapy session even if different appointments were proposed by the therapist. Another HT patient developed some trauma-related new symptoms (see also the details of the SAEs), which led to hospitalization and treatment dropout after three sessions with the therapist. The third HT patient completed the treatment successfully but was not available for the postassessment at t2. All patients of WL completed the assessment at t2. Therefore, the PP sample at t2 was n = 33 (HT: n = 15, WL n = 18).

At the follow-up t3 (postassessment for WL patients after receiving HT), the two HT treatment dropouts were not assessed as well as another HT patient. In WL, two patients were not available for the assessment. The number of completed data at t3 was n = 31 (HT: n = 15, WL n = 16).

All HT patients attended on average M = 11.25 (SD = 1.00, n = 16) sessions with a range of 9–12 as intended according to the documentation of the therapists. All WL patients received the HT treatment after the waiting period and attended M = 11.00 (SD = 1.57, n = 18, range 7–12) sessions.



3.2. Sample characteristics

The characteristics of the ITT sample are displayed in Table 1. Patients were on average 42.03 (SD = 15.14) years old. Six participants were on antidepressant medication during the trial. None had an anxiolytic medication. About half of the patients showed current comorbid anxiety disorders, mostly panic attacks or panic disorder, for details also on the characteristics of the epigenetic subsample (see Table 1). The participants of the (epi-)genetic subsample (n = 17, 14 women and 3 men) were on average 36.65 (SD = 14.17) years old. Of those, ten were HT patients and seven were WL patients receiving HT after 3 months.


TABLE 1 Characteristics of the trial sample (ITT, n = 36).
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At t2, five patients in HT and six in WL revealed their treatment condition to the rater (n = 11, 33.3%). However, the fact that raters were unblinded had no effect on the primary outcome, r = 0.05, p = 0.775 and was equally distributed between HT and WL, χ2 (1) = 0.01, p = 0.998.



3.3. Primary outcome

For the means and standard deviations of the PAS scores in both groups at all three assessments, as well as the primary outcome of individual percentage symptom reduction (medians are displayed) (see Table 2).


TABLE 2 Primary and secondary outcomes in the PP and ITT samples.
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The median percentage symptom reduction in the PAS score between baseline and the end of treatment was between Md = 33.97% (range 400; −300–100) and Md = 36.05% (range 424.47; −300 to 124.47) in HT and Md = 6.90% (range 307.72; −232.72 to 75.00) in WL in the ITT sample. Only one of the five U-tests calculated for each imputed dataset separately showed a non-significant difference between the two groups, U = 110.50, p = 0.052 (one-sided). All others were indicating a higher symptom reduction in the HT compared to the WL group, U = 92.50, p = 0.014 to U = 106.50, p = 0.040. A non-significant result was found in the PP sample. HT (Md = 33.33%, range 400; −300 to 100) did not differ from WL (Md = 6.90%, range 307.72; −232.72 to 75.00), U = 90.50, p = 0.054 (one-sided). Results of the PP sample regarding medians and distributions of the percentage symptom reduction in both groups as well as individual scores are displayed in Figure 2.
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FIGURE 2
 Medians and distributions of both groups in the percentage symptom reduction in PAS in the PP sample and individual scores. HT, hypnotherapy; WL, waitlist control group.




3.4. Secondary outcomes

As secondary analyses, we conducted rmANOVAs with the PAS scores of t1 and t2, see Table 2 for the descriptive statistics. In three of the five imputed datasets, we found a significant interaction of time and treatment condition in the ITT sample, F(1, 34) = 4.70, p = 0.037, partial η2 = 0.12, to F(1, 34) = 5.87, p = 0.021, partial η2 = 0.15, indicating that HT showed a higher symptom decrease compared to WL. In the PP sample, F(1, 31) = 3.10, p = 0.088, partial η2 = 0.09, no significant interaction could be identified. With overall 36 patients (18 per group), a repeated-measures ANOVA with two groups and two measures (pre and post) with an observed correlation of r = 0.40 between measures to show an effect of d = 0.25 or higher using an alpha of α =0.05 had a power of 79% (1–β) (non-centralized-parameter δ = 8.18, critical F = 4.13).

The symptoms of the ITT sample decreased in HT with an effect size of Cohen's d = −0.82 and in WL with d = −0.11. The effect for the difference in the t2 PAS score between both groups was d = 0.49. The further symptom improvement in the HT patients until the 3-month follow-up (t3) had an effect size of d = −0.16. In WL patients, after receiving HT, the symptoms decreased with an effect size of d = −0.50. The difference between both groups at t3 was d = 0.09.

In the PP sample, HT showed a symptom decrease from t1 to t2 with an effect size of Cohen's d = −0.73, and WL with an effect size of d = −0.11 regarding the imputed data. The difference in the PAS t2 score between both groups had an effect size of d = 0.56. The symptoms further decreased by approximately d = −0.09 in the HT patients until the 3-month follow-up t3. In WL patients, after receiving the HT treatment, the effect size of the symptom improvement was d = −0.51. The difference between both groups at t3 was d = 0.07.



3.5. Satisfaction

Not all patients returned their responses. Due to the nature of the study design, satisfaction ratings for HT and WL patients are described separately. In each study condition, patients rated their satisfaction after the end of treatment. At the end of the treatment (t2), 10 of the HT patients rated the treatment as effective with an average M = 81.70 (SD = 20.94). They rated their therapist as being highly competent with an average M = 97.60 (SD = 5.15). At the end of the treatment in the WL patients (t3), 14 WL patients rated the treatment comparably effective with M = 79.43 (SD = 22.83). They rated their therapist as being highly competent with M = 91.57 (SD = 14.37).



3.6. Safety

An overall rate of four SAEs was reported for three different patients. One patient in WL reported a new medical condition (breast cancer) following two hospitalizations for somatic reasons. Another patient in HT was hospitalized for eye surgery. Those SAEs were not treatment-related. One patient with the HT condition reported some potentially trauma-related new PTSD symptoms after the first sessions that were not mentioned before. This patient was hospitalized, she discontinued the study participation because the agoraphobic symptoms were no longer the focus of treatment.



3.7. (Epi-)genetic results

Analyses on symptom reduction including pre and post only were conducted with n = 17 and including follow-up with n = 10, as PAS scores were available for all participants of the subsample for pre and post, but only for 10 at follow-up.

COMT Val108/158Met genotyping revealed four participants to be homozygous for the Met (A) allele, eight participants were homozygous for the Val (G) allele, and five participants were heterozygote (A/G) carriers. Mean COMT DNAm was 49.7% (SD = 9.1%) at pre, 52.0% (SD = 7.7%) at post, and 47.7% (SD = 8.4%) at follow-up and did not differ significantly between the assessed time points. The subsample's mean PAS score was 12.5 (SD = 7.9) at pre, 8.0 (SD = 7.2) at post, and 4.9 (SD = 5.1) at follow-up and decreased significantly from pre to post [F(1, 16) = 5.86, p = 0.03]. PAS score comparison of all time points revealed a reductive trend [F(2, 18) = 3.11, p = 0.069]. COMT Val108/158Met genotype had a significant main effect on DNAm [F(2, 14) = 8.15, p = 0.004], as well as on PAS score comparing both, pre and post only [F(1, 14) = 5.69, p = 0.032], and all three time points [F(2, 7) = 7.65, p = 0.017]. Moreover, PAS score change was not of predictive value for DNAm change, as no significant regression equation was found.




4. Discussion

This was the first pilot RCT to investigate the efficacy of a novel hypnotherapeutic treatment approach for agoraphobia patients. We found greater symptom improvement in patients who received the hypnotherapy compared to those who were allocated to a waiting condition in four of the five imputed datasets for the primary outcome and three of the five imputed datasets using RM-ANOVAs. Furthermore, effect sizes suggest a large effect regarding the symptom improvement of patients receiving HT without waiting time compared to those waiting for a treatment who showed only little improvement. After treatment, the difference between groups showed a small to medium effect size (d = 0.49–0.56) indicating the superiority of HT. Contrary to our hypothesis, the superiority of HT compared to WL could not be found in the primary outcome in the PP and one of the ITT datasets. The small to medium effect sizes are in contrast to the results of a meta-analysis, which found large effect sizes when comparing CBT to passive control groups for panic disorders, but only medium effect sizes when compared to placebos (e.g., Mitte, 2005). Our a priori power analysis was based on a high effect size (we used d = 0.80). Therefore, we conducted two post-hoc power analyses. The first was conducted to determine the power of our study based on the sample size and effect size of our study. The post-hoc power analysis for the Mann–Whitney U-test revealed that for an effect size of d = 0.49, the results in 18 patients per group (total 36) achieved a power of 41.0%. The second was conducted to determine the sample size for a study with the originally planned power (86%) together with the effect size found in our study (d = 0.49). This power analysis would have required a sample size of 132 patients. In our study, non-specific factors might have influenced a small improvement in the WL control group, such as the prospect of treatment after 12 weeks, regression to the mean, or contact with the staff collecting the (epi-)genetic samples or with the raters for assessing symptoms before and after waiting time. Moreover, the range of symptom change was quite high in the HT condition pointing to individual differences regarding the outcome of the HT treatment. Most of the previous research (Mitte, 2005; Bandelow et al., 2014; Kaczkurkin and Foa, 2015), though, focused on panic disorder with and without agoraphobia, and, thus, results cannot be directly compared to those of our study. In our pilot study, the focus was on agoraphobic patients using the new DSM-5 classifications as a single diagnostic category and only 33% had current panic disorders and 13% had panic attacks. As outlined by Hoffart et al. (2016), agoraphobia without panic disorder is a distinct diagnostic category different from panic disorders which showed less improvement compared to panic disorder. The positive results of the hypnotherapy used in our pilot study compared to a previous RCT on hypnotherapy (Van Dyck and Spinhoven, 1997) can be explained by the additional use of hypnotic regression, that was, in our case, exposition in sensu comparable to imagery rescripting. The central intervention of the HT treatment, the hypnotic symptom regression technique with the following reframing, should be used in future research. However, it cannot be concluded that those elements are really due to changes in the specific therapeutic factor, such as imaginative exposure, or to non-specific factors, as direct comparisons of hypnotherapy to exposure-based treatments, such as CBT, as well as mediator studies are still missing.

Overall, treatment satisfaction was very high, as were completion rates. Only one patient developed new symptoms after the first treatment sessions. No relevant other serious adverse effects were reported. Thus, HT was effective, feasible, and safe in the treatment of agoraphobia patients. Patients with potential trauma-related disorders should be treated differently. The results add to the literature that hypnotherapy can successfully reduce symptoms of anxiety (Valentine et al., 2019). Even more, it is one of the first RCTs to indicate that manualized HT can be used to treat a specific anxiety disorder, that is, agoraphobia.

The COMT Val108/158Met polymorphism has been widely associated with susceptibility to mental illness (e.g., Hosák, 2007). In particular, the Val allele has been associated with anxiety disorders in various previous studies (Hamilton et al., 2002; Domschke et al., 2004; Taylor, 2018). Furthermore, it has been shown that the Val108/158Met genotype is associated with hypnotizability (Lichtenberg et al., 2000; Szekely et al., 2010; Rominger et al., 2014; Storozheva et al., 2018). Although contradicting in terms of the direction of effect, these studies suggest the efficacy of HT partly depends on a patient's genotype. In our study, we also observe an effect of the Val108/158Met genotype on the PAS score, indicating that enhanced HT efficacy in patients with a specific COMT genotype could be possible. The Val108/158Met polymorphism has in addition been reported to effect COMT DNAm (Schreiner et al., 2011; Swift-Scanlan et al., 2014; Thomas et al., 2019), and we were able to replicate this effect in our sample. Thus, independent of HT, Val108/158Met genotype differences might be interesting to elucidate further regarding susceptibility to psychiatric disorders and DNAm alterations. Our hypothesis of differential DNAm of the COMT gene over the course of HT could neither be confirmed nor did we elucidate an association with symptom reduction. Epigenetic mechanisms have previously been proposed to play a role in therapy efficacy. However, as COMT DNAm did neither change during therapy nor was of predictive value for therapy response, our study does not provide evidence for an involvement of COMT DNAm in biological mechanisms underlying HT efficacy.


4.1. Limitations

Due to considerable difficulties in identifying suitable patients, we were only able to enroll 36 of the planned 48 patients in the available 15 months. Despite the efforts to recruit patients and the extension of the official recruitment period to 15 months (October 2018 to January 2020), which meant an additional 6 months of treatment and follow-up afterward (until July 2020), we did not find the number of patients we had targeted. This was probably due to the very strict inclusion and exclusion criteria, such as focusing on a single anxiety disorder (agoraphobia), and excluding patients who had received psychotherapy in the previous 12 months. Another limiting factor was the COVID-19 lockdown in Germany. Probably due to the small sample size, the primary hypothesis was not clearly supported by the results. We could not perform further subgroup analyses, such as for agoraphobia patients with additional panic attacks or panic disorder, or identifying moderators of symptom improvement. Further analyses regarding response rates as recommended by Loerinc et al. (2015) were not performed. Despite the small sample size, effect sizes indicated small to moderate differential effects as well as a large effect of symptom decrease in HT. Effects sizes were lower than expected for HT compared to previous RCTs investigating CBT. This could be due to the fact that the symptoms measured with the PAS were on average small (a score of 7–17) before treatment so patients were less likely to improve much. Regarding the (epi-)genetic analysis, one has to be aware that the results need to be interpreted with caution, as the sample size was small. We therefore recommend viewing this part of the study as exploratory analyses that could inspire further research in a larger cohort with balanced numbers of participants' genotypes, as well as adequate numbers of male and female participants to determine implicated sex differences. In our sample, the proportion of female patients (80.6%) compared to male patients was much higher than the prevalence rates found in Germany, where female patients had two to three times higher rates than male patients (Jacobi et al., 2014). Thus, the results of our study should not be generalized before confirmation in other RCTS and samples.




5. Conclusion

The results can be interpreted as a first indication that HT might be a psychotherapeutic method that expands the number of available therapies in the treatment of agoraphobia. Comparisons with other treatments, especially those with in vivo expositions, are still lacking. Future studies should also compare efficacy in agoraphobia patients in a larger sample, also allowing for subgroup analyses for patients with comorbid panic disorder or panic attacks.
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Introduction: Psycho-oncological interventions can reduce distress by activating individual resources and enhancing coping skills. Since medical cancer treatment is performed increasingly in outpatient settings, there is a growing need for evidence-based and brief interventions to be integrated seamlessly into these treatment procedures. The aim of the present pilot study is to examine the feasibility of brief interventions to cope with illness in this area.

Methods: A single center quasi-experimental design was developed in oncological outpatients at the University Medical Center Ulm, Germany, including N = 60 individuals with cancer undergoing chemotherapy or immunotherapy. The intervention group (IG) consisted of N = 40 participants. These were assigned to either cognitive behavioral interventions (CBI) or hypnotherapeutic interventions (HTI). The interventions each comprised three individual one-hour sessions. In addition, a waiting control group (WCG of N = 20) was set up, receiving care-as-usual. Primary outcomes were feasibility measures such as recruitment rates, participant retention rates, and complete data rates. Clinical results were discussed for the feasibility of a comprehensive efficacy study.

Results: The recruitment and completion rates illustrate demand and acceptance of the offer. Of the 208 individuals with cancer offered to participate in the study, 77 were interested in enrolling. This rate of 37% roughly corresponds to the use of psycho-oncological services in general. 17 individuals (22%) withdraw from participation before the intervention began due to severe deterioration in their disease. Once started, all 40 individuals of the IG (100%) completed the intervention, and 17 individuals of the WCG (85%) completed the accompanying questionnaires. Tentative results on clinical outcomes indicate that brief interventions on resource activation could have lasting effects on well-being and stress management.

Discussion: With this feasibility study, we aimed to explore the potential of brief interventions such as hypnotherapeutic and cognitive-behavioral approaches in psycho-oncology as an integral part of oncology day care. Even with a small number of participants results seem to indicate that the study design and brief interventions such as those presented can offer a low-threshold service that can be seamlessly integrated into oncological therapy. Given the promising results of this pilot study, we propose a full RCT on the effectiveness of such a brief intervention program.

Clinical trial registration: https://www.drks.de, German Trials Register (DRKS00019095).

KEYWORDS
 coping with cancer, hypnosis in outpatient settings, resource activation, psycho-oncology, self-hypnosis, cognitive-behavioral interventions, potential of brief interventions, feasibility of brief interventions


Introduction

Subsyndromal stress, such as distress, anxiety, fear of progression and depression, occurs in over 50% of individuals with cancer (Mehnert et al., 2018). About a third of these receive psychological support during a hospital stay (Weis et al., 2018). This support should be accessible early and complement clinical therapy (Holland, 2003; Holland and Weiss, 2008). Early assessment and distress screening should lead to timely treatment of mental stress, which can improve medical care (Riba et al., 2019). International guideline programs, including the National Cancer Plan in Germany, recommend making it mandatory to offer psycho-oncological services if necessary. They should be an integral part of oncology care not only for inpatients, but also in day care and outpatient sectors of the healthcare system (Fann et al., 2012; Grassi and Watson, 2012; Bergelt et al., 2016; Rosenberger, 2018; AWMF e.V., 2023).

In face of a constant reduction in inpatient stays and an increasing importance of day clinic care, the need for effective and validated short-term interventions is likewise growing (Carlson and Bultz, 2004; Abrams et al., 2018; Blümel et al., 2020; Schuit et al., 2021).

Resource-oriented methods seem particularly suitable here. Due to the high psychological and physical symptom burden of the individuals and the associated, sometimes pronounced psychological defense mechanisms, more indirect and experience-based approaches could offer effective relief and support. Even the disclosure of a cancer diagnosis is often shocking and frightening for those affected, coupled with uncertainty about treatment options, their consequences, a possible prognosis and the fear of progression or recurrence. Life suddenly and unexpectedly seems to be “out of control.” Potentially available psychological resources appear limited or unattainable. Resource-activating interventions can help regulate emotions, build resilience, and encourage a more problem-solving attitude by focusing on the healthy parts of an individual (Gassmann and Grawe, 2006; Flückiger et al., 2009; Groß et al., 2012).

Since there are hardly any studies on the feasibility and effectiveness of brief interventions using resource-activation in oncological outpatient settings, we wanted to start filling this empirical research gap and encourage further controlled studies. Therefore, we developed a brief intervention program, HypRa (Hypnosystemic Resource activation), which should be low-threshold and seamlessly integrated into a clinical oncological outpatient setting.

Based on the concept of resource activation, HypRa aims to help individuals with cancer find perspectives on well-being and solutions to cope with stress by activating their abilities. The focus was on the potential and applicability of brief hypnotherapeutic interventions, particularly self-hypnosis, and cognitive behavioral interventions to strengthen coping skills in the supportive care of individuals with cancer during clinical treatment.

There are good arguments related to resource activation for both types of intervention. For hypnotherapeutic interventions, there is also specific evidence that these interventions could be effective quickly. Many studies already report positive effects in hypnotherapeutic treatment of symptoms in individuals with cancer (Montgomery et al., 2013; Cramer et al., 2015; Carlson et al., 2018). These studies typically focus on distress associated with medical procedures (Schnur et al., 2008), nausea and vomiting (Marchioro et al., 2000; Montgomery et al., 2007), hot flashes (Elkins et al., 2008), and pain (Spiegel, 1985; Elkins et al., 2012; Kravits, 2013; Nakandala, 2021). According to the results of these studies, there are some indications that just a few sessions are enough to bring about lasting relief from physical symptoms. For example, treating hot flashes in individuals with breast cancer using self-hypnosis training with five weekly sessions showed a 69% reduction in hot flashes on average from baseline and reduced disruption to daily activities, sleep, anxiety, and depression (Elkins et al., 2008).

In a meta-analysis of randomized trials on hypnosis to manage distress related to medical procedures, there were indications that approximately 82% of individuals who receive hypnosis live/pre or while undergoing medical procedures exhibit lower levels of emotional distress relative to individuals in a control condition, with a larger effect size for children compared to adults (Schnur et al., 2008).

For interventions to reduce anxiety and stress, Carlson et al., 2018 refer to a meta-analysis by Chen et al. (2017) showing that hypnosis had significant immediate and lasting effects on anxiety in individuals with cancer. Again, larger effect sizes were found in the pediatric group, and therapist-administered hypnosis was more effective than self-hypnosis. However, there is no indication here of the form in which self-hypnosis was learned and used.

While hypnotherapeutic interventions in oncology are not yet widespread, cognitive-behavioral therapeutic interventions can now be regarded as a kind of gold standard in supportive psycho-oncological treatment for emotional relief and stabilization as well as for better coping with cancer (Moorey and Greer, 2011; de Vries and Stiefel, 2014). These interventions typically focus on methods based on mindfulness, self-care and communication skills (Tatrow and Montgomery, 2006; Daniels, 2015; Ye et al., 2018; Getu et al., 2021).

Investigating the feasibility of these interventions – here with only 3 sessions – in a clinical environment is a relatively new area of research. In order to make the offer as low-threshold as possible for the individual and to enable easy integration into oncological therapy, the study design was structured in such a way that, for example, short-term adjustments were possible if appointments had to be postponed. It should fit well into the setting of a day clinic, which means that the medical and nursing team supports the offer by providing premises and with administrative or coordinating questions. The work processes should be disturbed as little as possible. In addition, reference should be made to the information material for recruiting participants on site. The interventions themselves were not designed as group sessions but as individual sessions.

We were initially interested in how great the interest and the acceptance of individuals with cancer would be in the psycho-oncological offer accompanying their oncological therapy.

Due to the small sample size, we combined the two interventions for the analysis in an intervention group (IG) in a first step. We hoped to gain insights into the potential of the interventions overall and, if necessary, also in a comparison of the two approaches for further investigations. However, conclusions on clinical efficacy should be drawn with extreme caution and interpreted as preliminary. Rather, they should give reason to be examined in a larger randomized study.



Materials and methods

The present study design is a 3-arm quasi-experimental pilot study. The protocol was approved by the Institutional Review Board of Ulm University (No. 431/16, 08/02/2017) and registered at the German Trials Register (DRKS00019095). The study complied with the Declaration of Helsinki, the Guideline for Good Clinical Practice, and local regulatory requirements. All participants provided written informed consent prior to inclusion.


Participants

Participants were recruited and enrolled at the Medical Oncological Outpatient Clinic of the Department for Internal Medicine I (MOT) and the Interdisciplinary Oncological Outpatient Clinic of the Clinic for Gynecology and Obstetrics (IOT) at the University Ulm Medical Center, Ulm, Germany. At the outpatient clinics, individuals with gastrointestinal, lung, leukemia or breast and gynecological cancers are treated with chemotherapy or immunotherapy in all phases of the disease. Exclusion criteria were limitations in mobility, hearing and communication abilities, and participation in other psychotherapeutic treatments.



Study design

Recruitment and enrollment took place from September 2017 to March 2019. Individuals being treated in the day clinics were offered the opportunity to take part in a therapy-accompanying psycho-oncological study on resource activation, regardless of the diagnosis, the time of diagnosis and the duration of the cancer disease. They were informed that this offer is aimed at strengthening their own stress management skills and consists of 3 individual sessions over a period of approx. 6 weeks and 3 questionnaires over a period of approx. 5 months. If individuals were interested and gave consent to participate in the study, they were assigned to one of two intervention arms, cognitive behavioral intervention (CBI) or hypnotherapeutic intervention (HTI). Taking into account the clinical environment, this quasi-experimental approach was based on the available places in each intervention arm at any given time. Participants then received three individual one-hour sessions every two weeks, including homework between sessions. Questionnaires were used at three measurement time points (T0: pre-test as baseline value before the first session; T1: post-test after the end of the last session, T2: follow-up three months after the last session). In addition, a waiting control group was set up (WCG of N = 20). If interested, the WCG individuals had the option of later being included in the intervention program. In the meantime, they received care as usual (CAU). They were asked to fill out the T0 and T1 questionnaires at two points (six weeks apart). This methodological approach has been recommended for ethical reasons.



Measures

Because this pilot-study is focusing on feasibility, the primary outcome measures were the total number of individuals contacted, relative interest in the service and participation, completion of participation for the intervention group (IG), and questionnaire completion by responding participants of the waiting control group (WCG). With caution, satisfaction with the intervention can be indirectly inferred from the tentative trends on changes in resource activation and stress coping skills as measured with the questionnaires at T1 and T2. All participants of the study received a set of standardized questionnaires on resource activation as measured by the Bern Resource Inventory (BRI), and individual stress management abilities as measured by the Inventory of perceived Stress Management Skills (ISBF). The BRI is a self-report questionnaire covering eight categories of personal resources (Trösken and Grawe, 2004). For practical reasons, we have selected the items on well-being, personal strengths, and former coping with crisis. The ISBF covers perceived stress management skills like cognitive strategies, use of social support, relaxation strategies, anger regulation, and perception of bodily tension (Wirtz et al., 2013).



Interventions

Both interventions, HTI and CBI, started with psychoeducation to explain the psychophysiological mechanisms of individual stress experiences and how these can be modulated through activating personal resources (Lazarus, 1974; Schneiderman et al., 2005).

In the first session of CBI, a multifactorial model was introduced to the individuals to promote a better understanding of factors contributing to psychological distress and clinical symptoms or providing resilience. The model included biological factors (e.g., the sensation of pain, autonomic bodily reactions to stress), psychological factors (e.g., thoughts, emotions and behavior connected to illness, self-affirmation, social skills, enjoyment) and social factors (e.g., social support system, working ability, participation, social security) and was then adapted to the individual life situation (Kaluza, 2018).

In the second CBI session, guided mindfulness exercises were instructed, for example, mindful breathing, smelling, observing or experiencing bodily sensations (Ledesma and Kumano, 2009). Participants were encouraged to include mindfulness practice in their everyday life in-between sessions. In the third session, self-care and social skills methods were targeted, including education and exercises on beneficial communication techniques and self-management in social situations (Beck, 2011). Further, prioritizing own needs by establishing regular pleasant activities and reducing the personal load in everyday life was discussed.

Following the psychoeducation already mentioned above, the hypnotherapeutic intervention (HTI) began with an introduction to a first trance experience, e.g., an imaginative journey to a personal “place of well-being” combined with a guided imagination promoting indirect access to beneficial emotional experiences (Bongartz and Bongartz, 2009). In order to enable low-threshold access to resource experiences in trance, items from the BER questionnaire were used (Wolf and Bongartz, 2009). Representative figures (e.g., tensing and relaxing of the muscles, outflow of a dam, rocks in the surf, seagulls on the sea in the wind, flowers in spring, calm in the valley) metaphorically symbolize resources such as power, release, safety, trust, hope, and clarity and allow individuals easier access to their own emotional resources. Individuals were then asked to rate these experiences as personal resources for their everyday lives. Especially when internal resources do not currently appear accessible, clinical experience shows that symbolizations of potential resources can be introduced, utilized and thus integrated into a person’s abilities (Hönig, 2017; Revenstorf, 2017).

After the first HTI session, participants were encouraged to continue practicing the trance experience using a pre-recorded take-home audio file with imaginations about well-being, safety, trust, and hope. In the second session, based on the personal resources mentioned, an individual trance story was developed and practiced as self-hypnosis under guidance. This story was recorded during the session to continue practicing self-hypnosis at home. In the third session, the self-hypnosis experiences were evaluated and modified, if necessary, as a kind of tool for further individual stress management, always and everywhere available, if required. For example, individuals can use it before surgery, during radiation therapy, in a treatment room, in the hospital bed, or at night when they are having trouble falling asleep (Montgomery et al., 2013).

In both intervention arms, participants were given homework between sessions, including excerpts from the BRI (see above) to reflect personal resources, strengths, and abilities to cope with stress and crisis. Reflection thoughts and diary entries were discussed for further treatment. At the end of the third session, reported experiences and insights during the interventions were summarized. Finally, the T1 questionnaire was handed out, and participants were informed that another questionnaire (T2) will be sent approximately three months after this session. In addition, information was provided about other options for counseling by the inpatient psycho-oncological service or a cancer counseling center after participating in the study.



Statistical analysis

Baseline values of all variables were compared as means and standard deviations (SD) or Count (N) and Percentages (%) between groups using two-sided t-tests or Wilcoxon rank test (see Supplementary Table S2).

Linear mixed-effects regression models with random intercepts and variance type “identity” were fitted using STATA© 15.1 (STATA Corp, College Station, TX, USA). Time was on level one, and the individual person was on level two. Per outcome, a total of four models were calculated. First, a population mean model with no covariates. The second model additionally included main effects (fixed effect part), the third model additionally included a random intercept of time (random effect part), and the fourth model additionally included a two-way interaction between the groups (IG vs. WCG) and time (T0 vs. T1 vs. T2) in the fixed effect part.

Post hoc analysis were conducted by calculating pairwise comparisons of the average predicted probability of the observed outcome per timepoint conditional on the group assignment (i.e., marginal means with group contrasts comparing time points) with groups.

Diagnosis (Gynecological tumors vs. Gastrointestinal tumors vs. other) and disease duration (month) were included in the models as covariates in the fixed effect part. Significance levels were set to p < 0.05 to compare models using Chi2. Marginal means were estimated and plotted at covariate averages at fixed values for group and time interaction.




Results

With proof of concept as primary outcome, we looked at recruitment rates, participant retention rates, and full data rates. Of the 208 individuals with cancer approached, 77 showed interest in participating in the study. This corresponds to a recruitment rate of 37%. Even before the start of the first intervention session, 17 individuals had to withdraw from participation due to a worsening of their disease. All 40 individuals of the IG (100%) completed the intervention, and 17 individuals of the WCG (85%) completed the accompanying questionnaires.

The sample of N = 60 participants who completed the study was distributed as follows: 13 male (22%), 47 female (78%); mean age 55.87 years (SD = 10.83); oncological diseases: breast or gynecological 27 (45%), gastrointestinal 18 (30%), other 15 (25%); mean duration of disease was 21.88 month, ranging from 1 month to 243 months (SD 42.09); mean duration median = 8 months; initial diagnosis 38 (63%), recurrence 22 (37%) – see Supplementary Table S1.

After completion of the respective intervention phase, i.e., after about 6 weeks plus a follow-up after 3 months, 146 observations from 58 individuals could be evaluated. In the follow-up, there were incomplete questionnaires in a total of 6 in the individuals in the intervention groups and in a total of 5 in the WCG – see Consort Flow Diagram in Supplementary Table S3.

No adverse events were observed due to the intervention.

Preliminary findings on secondary clinical outcomes were assessed by changes in resource activation and stress management skills after three individual sessions comparing intervention (IG) versus waiting state (WCG) as measured by standardized questionnaires (BRI and ISBF).

The statistical models encountered no convergence issues for any of the outcomes. Changes in resource activation and stress management capabilities were observed. The systematic model comparison revealed model 4 as the favored model for the outcomes of BRI Total score, ISBF Total Score, Cognitive Strategies and Relaxation Techniques (Model 4 = group × time interaction), indicating systematic trajectory differences for the groups over time (see Supplementary Table S2 for detailed model comparison, see also Figure 1).

[image: Figure 1]

FIGURE 1
 Results from linear mixed-effects regression models (marginal means) for resources and stress management skills (A) BRI Resources (Total Score), (B) ISBF (Inventory for Stress Management Skills) total score, (C) ISBF Cognitive Strategies, and (D) ISBF Relaxation Techniques. Models were adjusted for diagnosis and duration of disease.


Concerning activating their resources, the intervention group (IG) showed higher scores at T1 compared to T0 (p ≤ 0.05), measured by the BRI (see contrasts in Table 1). The total score for stress management skills as measured by ISBF increased for IG from T0 to T1 (p ≤ 0.001). The stress management subscore for relaxation skills increased at T1 for IG (p ≤ 0.001). For WCG, small changes in terms of a decrease in resource activation and stress management skills were observed from T0 to T1 (see Table 1).



TABLE 1 Contrasts within predictors.
[image: Table1]



Discussion

With this feasibility study, we aimed to explore the potential of brief interventions such as hypnotherapeutic and cognitive behavioral approaches in psycho-oncology as an integral part of oncology day care. The focus was on the design of a practical program on resource activation for individuals with cancer.


Key findings

With regards to the feasibility findings as primary outcomes the recruitment and completion rates illustrate demand and acceptance of the offer. Of the 208 individuals with cancer offered to participate in the study, 77 were interested in enrolling. This rate of 37% roughly corresponds to the use of psycho-oncological services in general (Weis et al., 2018). 17 individuals (22%) withdraw from participation before the intervention began due to severe deterioration in their disease. Once started, all 40 individuals of the IG (100%) completed the intervention, and 17 individuals of the WCG (85%) completed the accompanying questionnaires. The preliminary trends on changes in resource activation and stress management skills can also indirectly allow preliminary conclusions to be drawn about satisfaction with the intervention (see below).

Concerning the secondary outcomes, due to the small sample size, we have to be cautious in interpreting the clinical results. Measured with standardized clinical questionnaires, the brief interventions applied – both cognitive behavioral and hypnotherapeutic – tentatively show positive effects after only three individual sessions on resource activation and stress management skills, probably even up to 3 months after intervention. If this trend is confirmed, effective psychological support could be offered with these short interventions for individuals with cancer, especially in this vulnerable phase of therapy. Only a few empirical findings show such a possible effectiveness after short-term interventions as assumed here. Based on a systematic review of the effects of psycho-oncological interventions on emotional stress, anxiety and depression, and quality of life, short-term effects of relaxation training were identified. Larger effects were found for the moderator variable duration of intervention, while longer interventions produced more lasting effects (Faller et al., 2013). For brief interventions in particular, positive effects were reported by psychosomatic-psychiatric liaison services, such as those offered in general hospitals for the initial treatment of psychological comorbidities such as anxiety and depression (Stein et al., 2020). However, an indication is required to take advantage of this offer, which may not (yet) exist in the case of subsyndromal stress in individuals with cancer.

In psycho-oncological settings, some combined approaches of hypnotherapeutic and cognitive behavioral interventions have already been tested. The results are promising and underline our suggestion for a combination, as hypnosis has been shown to enhance the efficacy and benefits of other therapeutic approaches, such as cognitive behavioral therapy (Kirsch et al., 1995; Bryant et al., 2005; Schnur et al., 2009; Eason, 2013; Mendoza et al., 2017; Temple, 2017). For our case, we are encouraged to develop the HypRa program further using a three (or four) session design based on the resource activation principle as described in this pilot-study.



Methodological limitations

Although the relatively small study population does not allow any conclusions to be drawn about the outcomes of the intervention, we see the great potential of these interventions and the feasibility of this study for a larger RCT. However, what we have to consider concerning psycho-oncological studies the following can be generally stated: On the one hand, different psycho-oncological treatment options are available to individuals with cancer. But the burden of the course of the disease and the associated limitations may preoccupy the person entirely. Accordingly, they are often elsewhere with their thoughts, and they may also use very different resources to cope with cancer problems (Traeger et al., 2012). This may also have an impact on the willingness to participate in a study.



Recruitment

We must point out that participants in this pilot-study were not recruited according to their level of distress, as measured by a standardized psycho-oncological screening, but according to their personal preferences for participation or non-participation. With regard to the two intervention arms to which the participants were assigned, the overall offer was positioned as psychosocial support during oncological therapy, so that comparable expectations of the benefit of the program can be assumed for both interventions. According to the information in the questionnaires, the participants did not use any other psychotherapeutic support outside the clinic during the study.

Overall, 37 percent of all individuals approached were interested in participating. The most common reasons given by the individuals not taking up this offer were: “I do not need it because I have good social or emotional support (partner, family, spiritual beliefs),” I’m not that bad, maybe I’ll come back to that later” or “I have reservations about psychotherapy.” These attitudes are relatively representative of clinical reality and confirm findings from other studies regarding psycho-oncological support (Clover et al., 2015; Weis et al., 2018; Pichler et al., 2022).



Care as usual from multi-disciplinary teams

In the clinical environment, as in the outpatient day clinic, the multi-disciplinary team of medical therapists and professional oncology nurses is usually one of the most important supporting factors. Multi-disciplinary teams (MDT) have been established in many oncology centers to ensure a coordinated, professionally coordinated therapy regimen, treat somatic side effects and provide lifestyle advice. The benefit of these multi-disciplinary-teams for individuals with cancer and the treating team itself is increasingly being studied and scientifically validated (Taylor et al., 2013; Taberna et al., 2020). The oncological outpatient departments of the University Ulm Medical Center, where the present pilot-study was carried out, also work according to these goals. For this study, we refer to this support as standard care or care as usual (CAU). In addition, psycho-oncological care with 1–3 sessions is optionally possible via a psycho-oncological consultation-liaison service (CLS). The structure and results of this feasibility study therefore not only reflect everyday clinical practice, but can also confirm the importance of integrated professional psycho-oncological offers.



Summary and outlook

With this feasibility study, we aimed to explore the potential of brief interventions such as hypnotherapeutic and cognitive-behavioral approaches in psycho-oncology as an integral part of oncology day care. Preliminary results seem to indicate that the study design and brief interventions such as those presented can offer a low-threshold service that can be seamlessly integrated into oncological therapy. Considering the clinical environment, we designed a concept of brief interventions that could be applied as a standardized structured program and, simultaneously, individualized for the participants to provide them the best possible psycho-oncological support for their emotional well-being during oncological therapy. Instead of symptom-specific interventions, the focus was on developing and applying general resource-activating methods to strengthen individual coping skills. Given the promising results with all limitations and the feasibility documented in this pilot study, we are encouraged to initiate a prospective full RCT on the effectiveness of the presented brief intervention program.
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Introduction: Hypnotic trance can be defined as a non-ordinary state of consciousness that is accompanied by a number of neurophysiological changes, including brain electrophysiology. In addition to subjective measures, corresponding objective parameters are needed in experimental and clinical hypnosis research but are complex, impractical, or unspecific. A similar challenge exists for the measurement and monitoring of drug-induced hypnosis, namely general anesthesia. The observation of changes in EEG induced by narcotics has led to the development of monitors for the depth of anesthesia based on EEG parameters. We investigated whether two such monitors react to the induction and maintenance of hypnosis during a highly standardized procedure.

Methods: A total of 56 volunteers were monitored for the bispectral index (BIS) and cerebral state index (CSI) (range 0–100, >95 considered “awake”) during the Harvard Group Scale of Hypnotic Susceptibility test. For this test, trance is induced by a taped text and followed by 12 tasks performed under hypnosis. In contrast to random forms of hypnosis, this represents a standardized, worldwide-established condition. According to the resulting score, participants were classified into suggestibility groups in order to evaluate whether the electrophysiological measurements of BIS and CIS indices differ between high and low suggestible persons. Furthermore, participants were asked to rate their hypnotic depth (HD, 1–10) at every task of the test.

Results: Scores dropped significantly from a mean of 97.7 to 86.4 for BIS and from 94.6 to 77.7 for CSI with the induction of hypnosis to stay throughout hypnosis at levels of approximately 88.6 or 82.9, respectively. Results did not differ between high- and low-suggestible participants. The means of the subjective score of hypnotic depth and of the electrophysiological measurements showed a similar course. However, no correlation was found between BIS or CSI values and scores of hypnotic depths.

Conclusion: Monitors for depth of anesthesia respond to changes in consciousness, including trance states of hypnosis. However, specificity is unclear. Practically, in hypnosis research with the exclusion of drug effects or sleep, these monitors might be helpful to test and compare the efficacy of induction texts and to detect disturbances of trance state.
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hypnotic susceptibility, suggestibility, bispectral index, cerebral state index, trance


1 Introduction

Hypnotic trance is a non-ordinary state of consciousness induced and utilized in hypnotherapy to present suggestions to a patient that elicit profound psychological and physiological effects (De Benedittis, 2015; Fernandez et al., 2022). The American Psychological Association defines hypnosis as “a state of consciousness involving focused attention and decreased peripheral awareness, characterized by an increase in the ability to respond to suggestions” (Elkins et al., 2015). Hypnosis can be characterized by functional changes in brain activity, as demonstrated by various neuroimaging techniques and electrophysiological measurements (Wolf et al., 2022). Although several articles describe parameters and claim that they could distinguish hypnosis from other states of consciousness such as relaxation or meditation, none has yet been validated to exclusively be characteristic of hypnosis. In addition, to allow for objective rather than merely subjective measures in experimental and clinical applications, less sophisticated and more feasible methods would be needed to monitor hypnotic trance and trance depth. A potential solution could be monitors that have been developed to evaluate another alteration of consciousness, namely the depth of general anesthesia. Several devices have been designed and extensively evaluated to derive scores from processed EEG to measure a patient's level of consciousness during general anesthesia (Roche and Mahon, 2021). Regardless of the company-specific algorithm that unfortunately is kept secret, these indices range from zero to 100 (“awake”) with a range of 40–60 aimed for a sufficient anesthetic depth. The widest distribution has been found in the bispectral index (BIS), especially with the intention of protecting patients from “intraoperative awareness” and its medical and legal consequences (Stein and Glick, 2016). The cerebral state index (CSI) is similar to BIS but far less common in application. A connection between hypnosis and narcosis in the monitoring of changes in consciousness is further supported by the fact that the terms “hypnosis” and “hypnotic depth” are used for both the induction of pharmacological and psychological hypnosis, which should not be confused and has to be considered in corresponding literature search. In addition, there is no strict specificity for narcosis in such monitoring. There exist discrepancies between these electrophysiological scores and clinical signs of anesthesia (Jensen et al., 2004). BIS responses have also been reported for sleep (Nieuwenhuijs et al., 2002) or acupressure-induced relaxation (Fassoulaki et al., 2003). Furthermore, changes in BIS have also been reported under various physiological conditions such as hypoglycemia, hypothermia, or muscle relaxation (Dahaba, 2005). Recently, there have been attempts to test non-pharmacological hypnosis with monitors of anesthetic depth, namely BIS (De Benedittis, 2008) or CSI (Bock, 2013; Haipt et al., 2017), all using unspecified trance induction texts published only in Italian or German.

We report on measurements of hypnotic trance using two indices derived from anesthesia monitors, namely the BIS and the CSI, applied simultaneously. Previously, in pilot studies, we evaluated different hypnotic induction techniques with these monitors (data not shown) and found that hypnotic brain responses vary with the specific technique and text of trance induction, which makes comparison difficult. Therefore, to make results comparable with others, we used for hypnosis induction and maintenance the Harvard Group Scale of Hypnotic Susceptibility (HGSHS:A; hereafter referred to only as HGSHS) test (Shor and Orne, 1962). This test begins with a standardized trance induction followed by 12 hypnotic phenomena and represents a standardized, worldwide, uniformly used form of hypnosis (Peter, 2023).



2 Materials and methods


2.1 Design and participants

After approval by the local ethics committee (EC University of Regensburg, vote 13-101-0040), an experimental study was performed with 56 volunteers after informed consent. The age of the participants was limited to 18–70 years. Exclusion criteria were also a severe systemic disease, i.e., a higher than II score on the American Society of Anesthesiologists (ASA) Physical Status Classification System, language barriers, or a pre-existing cognitive impairment. Special attention was paid to the exclusion of psychiatric disorders or the intake of psychiatric medication.



2.2 Simultaneous measurement of BIS and CSI

During the study trial, EEG-derived indices were continuously recorded by two monitors for depth of anesthesia, namely the Bispectral Index Scale monitor (BIS-monitor, VISTA® bilateral monitoring system; Anandic Medical Systems, Switzerland) and the Cerebral State Monitor® (CSM, cerebral state monitoring system; Danmeter, Denmark).

The BIS index is a numerically processed, clinically validated EEG parameter. Unlike traditional processed EEG parameters derived from spectral analysis, the BIS index is derived utilizing a composite of multiple advanced EEG signal processing techniques, including bispectral analysis, power spectral analysis, and time-domain analysis. The key EEG features identified from the database analysis include the degree of beta or high frequency (14–30 Hz) activation, the amount of low-frequency synchronization, the presence of nearly suppressed periods within the EEG, and the presence of isoelectric periods within the EEG (Sigl and Chamoun, 1994). The CSI algorithm is based on fuzzy logic and has four sub-parameters derived from time-domain analysis (burst ratio) and frequency-domain analysis (α-ratio, β-ratio, and β-ratio–α-ratio) of the EEG (Jensen et al., 2006; Cho et al., 2018).

The measurement was conducted in a quiet room to avoid any disturbance. Participants were positioned slightly reclined on a comfortable chair with device-specific adhesive bilateral electrodes fixed on the forehead, following the manufacturer's instructions. The precise sensor positions are shown in Figure 1. The BIS sensor is a single-use component consisting of a plaster with (for bilateral registration 6) fixed electrodes. The sensor is placed with the central electrode at the center of the forehead, half a centimeter above the bridge of the nose, two electrodes above the left eyebrow, and an electrode midline between the edge of the eye and the hairline. The CSI electrodes were placed according to the operation manual. For high data quality, the skin was prepared with a skin preparation product (CSM Procedure Pack, Danmeter, Denmark), and the sensor was additionally fixed with adhesive tape. Data from both systems were immediately exported to a USB stick (BIS monitor) or wirelessly to the computer (CSM) using the CSM link software. Data for both indices (bispectral index scale = BIS and cerebral state index = CSI), recorded every second, were collected and stored in Excel Microsoft (Version 2010). Although BIS was registered bilaterally, only left-side signals were processed further to be comparable with unilateral BIS monitoring, where the left side is determined by the electrode assembly, as well as with CSI monitoring following the manufacturer‘s instructions.


[image: Figure 1]
FIGURE 1
 Participant with electrodes for bilateral BIS and CSI measurements placed on the forehead (A). BIS VISTA® bilateral monitoring system and Cerebral State Monitor® for simultaneous recording of both index values (B).




2.3 Measurement of hypnosis during the Harvard Group Scale of Hypnotic Susceptibility test

After baseline measurements of both BIS and CSI (first “awake” value), every participant performed the test for HGSHS in the German version using the standardized audio file (Bongartz, 1985). The HGSHS test takes approximately 55 min. An introduction (7 min) is followed by a hypnotic induction (19 min) including two tasks (head falling and eye closure). At time point 2f, regardless of the individual time necessary to reach the trance state, induction is completed with the final request for eye closure in case the eyes did not close involuntarily before. This is followed by 10 more tasks (see Table 1). Finally, after two posthypnotic suggestions (ankle touching and amnesia), the trance is canceled by counting backward at the end of task 11. After the termination of the hypnotic trance, the 12th item of the test, i.e., recovery from amnesia, is verified. The efficacy of the suggestions, i.e., the quality with which each task was mastered, was evaluated by the subjects' self-assessment immediately after the termination of hypnosis. While participants filled out the test questionnaire, baseline values for both BIS and CSI were recorded again (second “awake” value). Participants were rated according to the scores as “low suggestible” (LS, scores 0–4), “medium suggestible” (MS, scores 5–8), and “high suggestible” (HS, scores 9–12) (Peter et al., 2015).


TABLE 1 Items of the test for the Harvard Group Scale of Hypnotic Susceptibility (HGSHS:A), their duration (min and sec), and the division into three phases.
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2.4 Hypnotic depth

Together with the subjective evaluation of the performance in the various HGSHS tasks after the test, participants were requested to rate the hypnotic depth during each task on a scale of 1 to 10 (Pekala and Maurer, 2013).



2.5 Statistical analyses

For analyses, the 1st min of the recording of BIS and CSM was discarded because of the latency time of both systems. For calculation, the recorded 1-sec-values were combined into periods of approximately 3 min. Accordingly, the long HGSHS item 2 was divided into 2a to 2f, and item 3 into 3a and 3b (see Table 1). Moreover, for comparisons, four phases were distinguished, and data were combined accordingly: “awake”, “introduction” (HGSHS item 1), “induction” (trance induction during HGSHS item 2), and “tasks” (during HGSHS items 1–11) (see Table 1). Variables were tested for normal distribution using the Kolmogorov–Smirnov–Lilliefors test. According to the detected normal distributions (p > 0.05), mixed factorial ANOVA was performed, including the four phases of HGSHS, the three groups of suggestibility (LS, MS, and HS), two age groups (18–30, 31–63, according to the median), and gender, followed by post-hoc Bonferroni-adjusted pair comparisons using Student's t-test. Means and SD were calculated for every item of the HGSHS test and used for data presentation. For direct comparison between BIS and HD, linear regression analysis for non-parametric data was performed using the results of HGSHS items 2 to 5 with the lowest levels of BIS, since a causal relationship could be expected. The two electrophysiological indices BIS and CSI were compared by linear correlation analysis for non-parametric data using the 17 periods during HGSHS testing (see Figure 3). Statistical analyses were performed with SPSS 24.0. P-values < 0.05 were considered to be statistically significant. The effect size was calculated at www.psychometrica.de.




3 Results


3.1 Baseline characteristics and hypnotic susceptibility scores

The age of participants varied between 18 and 63 years and showed two age peaks at 25 years (students) and 50 years (working adults). No dataset had to be discarded due to missing data. Participants‘ characteristics and baseline scores are shown in Table 2. Within the period of baseline recording, the BIS showed great robustness with an intraindividual variance of 0.1 ± 0.1 (mean of variance of 1-min-periods of index values in the awake state), in contrast to the CSI (intraindividual variance of 1.0 ± 0.6). In general, baseline BIS values were higher with less variation. Both BIS and CSI values showed a normal distribution in the various groups. Hypnotic suggestibility, according to the HGSHS-Score, was normally distributed without any relevant effect of sex or age. According to the usual grouping rules with HGSHS, 27% of participants were rated as “high suggestibles.”


TABLE 2 Baseline characteristics and score results of the study population (n = 56).
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3.2 BIS and CSI while performing the test for HGSHS

During the HGSHS test, BIS was recorded bilaterally with electrodes placed both on the left and right forehead. As shown in Figure 2, in some participants, we observed marked desynchronization between left- and right-sided BIS. Since we did not find such differences consistently, we focused further analyses on the standard left-sided BIS in compliance with CSI, where left-side registration is recommended in the manufacturers' instructions.


[image: Figure 2]
FIGURE 2
 Exemplary presentation of a characteristic course of bilateral BIS during HGSHS testing of an individual participant with pronounced desynchronization. Index values recorded by the monitor continuously are plotted in intervals of 1 s.


BIS and CSI were recorded simultaneously throughout the whole time of the HGSHS testing (Figure 3). Starting from the awake condition with a score of 97.7 (±1.0), the average BIS declined continuously, reaching its deepest mean score of 86.4 (±7.4) at the end of trance induction. Subsequently, during the hypnotic tasks, BIS raised slightly, reaching a plateau at approximately 90. After the termination of the hypnotic trance, values increased and reached the awake level again. Mixed ANOVA, used according to normal distributions of values, demonstrated differences only for the four phases of HGSHS testing, i.e., wake, introduction, trance induction, and the hypnotic tasks, not for gender, age, or suggestibility group (F = 72.6, p < 0.001). Post-hoc pairwise comparison using Student's t-test showed differences of statistical significance between the awake value and every other phase, with t = 12.2, 11.3, 16.0, and p < 0.001, respectively. In addition, the differences in the phases introduction and induction, as well as introduction and tasks, were significant with t = 6.5 and 10.0 (p < 0.001), respectively. There was no significant difference between the BIS values in the induction phase and task phase (t = 0.2, n.s.). Concerning the CSI values, we also found decreasing values during the induction from an average score of 94.6 (±3.6) to 77.2 (±14.4), but the decline showed more fluctuating values. The deepest point was also at the end of trance induction (2f in Figure 3). While performing the hypnotic tasks, the CSI level increased slightly and stayed below or at a level of 85, again with more fluctuation. After counting backward for the termination of the hypnotic trance, CSI increased to the initial awake level. The differences between the mean CSI of every HGSHS phase and the awake baseline were statistically significant, with t = 7.2, 8.3, 6.7, and p < 0.001, respectively. BIS responded to the induction phase and the task phase with an effect size (Cohen's d) of −2.1 and −3.1, respectively. For CSI, the corresponding effect sizes were −1.5 and −1.2, respectively.


[image: Figure 3]
FIGURE 3
 BIS and CSI values during the HGSHS test. Each point represents the mean of index values during a certain task (85–175 sec), or 3-min intervals during the introduction and induction phases, respectively. Phases: introduction (item 1), trance induction (item 2), hypnotic tasks (items 3–11) (see also Table 1). The mean values of all three phases were different from the awake baseline with statistical significance.




3.3 Subjective trance depth (HD)

The course of mean HD scores paralleled that of the electrophysiological indices (Figure 4). However, bivariate correlation analysis using values of HGSHS items 2–5, where both BIS and HD showed deep levels, revealed no significant interaction or causal relationship between the two parameters in the individuals, with a regression coefficient of R2 < 0.001, n.s. (Figure 5). In contrast, the subjective hypnotic depth score correlated with HGSHS (Spearman-Rho r = 0.74, p < 0.001).


[image: Figure 4]
FIGURE 4
 Course of hypnotic depth during HGSHS testing. Hypnotic depth was evaluated with a subjective score ranging from 1 to 10 after the test. Means and SD for every item of the HGSHS are shown.



[image: Figure 5]
FIGURE 5
 Linear regression analysis of BIS and hypnotic depth. Values were taken from time points items 2–5, where both mean BIS and mean HD showed low levels (see Figure 4). X marks the means of parameters. There was no significant relationship between BIS and HD (regression coefficient R2 < 0.001, n.s.).




3.4 Comparison between BIS and CSI values

The recording of BIS and CSI revealed comparable courses during HGSHS. Nevertheless, there were marked differences between the two devices. CSI already started at a deeper level than BIS, and during HGSHS, CSI consistently reached lower levels. In general, CSI values showed higher standard deviations, both for baseline and while performing the HGSHS test. Correlation analysis showed a significant linear relation between BIS and CSI values, with a Spearman-Rho correlation coefficient r = 0.37, p < 0.001 (Figure 6).


[image: Figure 6]
FIGURE 6
 Linear correlation between BIS and CSI values recorded during HGSHS testing. Means of BIS and CSI values in the 17 time periods (approximately 3-min intervals, see Figure 3) were compared. Spearman‘s correlation coefficient r = 0.38, p < 0.001. CSI shows lower values than BIS.




3.5 Confounding factors

Data were analyzed for different factors that may influence BIS and CSI values during HGSHS testing. Analyses were carried out with the three phases (A–C) described in the Methods section. There was no statistically significant influence of age group on BIS (z = 0.89, n.s.) or CSI (z = 1.13, n.s.) recording in any test phase. No statistically significant differences were found with respect to sex (BIS with z = 0.98, n.s. and CSI z = 1,20, n.s.). Only male participants showed a tendency to lower values in CSI recordings. There was no significant difference concerning the suggestibility group with regard to BIS (z = 0.03, n.s.) or CSI (z = 0.71, n.s.) values in the three phases. Figure 7 presents the comparison for BIS.


[image: Figure 7]
FIGURE 7
 Mean BIS and SD during the different phases of the HGSHS testing compared between suggestibility groups. HS = high suggestibles (n = 15); LS = low suggestibles (n = 10); all (n = 56). Phases: awake, introduction (item 1), trance induction (item 2), and hypnotic tasks (items 3–11) (see Table 1). BIS = bispectral index score. Mixed ANOVA showed no statistical differences between the suggestibility groups.





4 Discussion


4.1 Monitoring hypnotic depth

Hypnosis goes along with a very special subjective experience and a qualitative change in the consciousness of hypnotized individuals. Nevertheless, from the beginnings of modern hypnosis, attempts have been made to measure and quantify the hypnoidal state and hypnotic depth reached during the induction and maintenance of hypnosis (Perry and Laurence, 1980). Several methods have been developed for obtaining subjective depth estimates by instantaneous (LeCron, 1953) or retrospective self-rating (O'Connell, 1964; Pekala and Maurer, 2013). Other attempts were directed to objective measures of hypnotic depth based on visible behavior in response to suggestions given while people were hypnotized. Both measures became the basis for different scores of hypnotic susceptibility derived from self- or observer-ratings of a person‘s ability to respond to specific suggestions with sensorial or motoric reactions. In the search for more objective parameters to measure hypnotic depth as a state of consciousness and to monitor hypnosis during induction, maintenance, and interventions, a number of physiological reactions to hypnosis have been observed and evaluated. Some, like changes in skin conductivity or heart rate variability (De Benedittis et al., 1994; Kekecs et al., 2016), capture only specific, peripheral, limited effects. Functions of the central nervous system seem more promising to reflect hypnosis-induced effects on consciousness (Wolf et al., 2022). Neuroimaging revealed that the hypnotic state distinguishes from other (e.g., sleep) or non-ordinary (e.g., meditation and mindfulness) states of consciousness (Rainville et al., 2002; Vanhaudenhuyse et al., 2014). However, these techniques are rather elaborate and only of limited suitability for monitoring time courses. Moreover, more ideal for assessing general brain state changes such as wakefulness, sleep, and attentiveness are electrophysiological parameters (Jensen et al., 2015a). Trance-characteristic changes have been observed and described using frequency bands of electroencephalography (EEG) (Hinterberger et al., 2011; Jensen et al., 2015b) and event-related potentials of neuronal brain activities (Franz et al., 2020). Due to the multiple electrodes, calculations, and graphic representations, they are also rather complex and only limitedly suitable for monitoring, even less in medical or psychotherapeutic practice.



4.2 Monitoring of anesthetic depth

A similar challenge exists with the measurement of another non-ordinary state of consciousness, namely general anesthesia, i.e., pharmacologically induced hypnosis. There is a strong demand for monitoring of anesthetic depth, both to prevent traumatizing “intraoperative awareness” or unfavorable too-deep anesthesia and for the potential automatization of anesthesia (Stein and Glick, 2016; Roche and Mahon, 2021). Accordingly, several monitors based on EEG or evoked potentials have been developed. Feasibility by reducing multichannel EEG to a few electrodes and reducing EEG characteristics is gained at the expense of sensitivity and specificity for evaluating changes in brain activities. Although both goals, avoidance of awareness and anesthetic automatization, have not yet been achieved, monitors of narcotic depth are widely used in anesthesia and intensive care to get additional information and for training and education, with the most extensive distribution and research for BIS. The thereby derived indices are far from being specific. They also show changes in other states of consciousness, such as sleep and coma, or during relaxation, including acupuncture-induced tension release (Nieuwenhuijs et al., 2002; Fassoulaki et al., 2003). However, when such other causes are excluded, especially drug effects, and the interventions are limited to induction, maintenance, and deepening of hypnotic trance, then they could possibly serve to monitor non-pharmacological hypnosis as well.



4.3 Response of anesthetic depth scores to hypnosis

The results of this study show that BIS and CSI react to trance induction and maintenance of hypnosis (see Figure 3). This confirms an observation in 20 subjects of a drop in BIS index to an average of 87 after an unidentified trance induction (De Benedittis, 2008), later mentioned in an English review (De Benedittis, 2015). There also exist case reports from clinical applications of self-hypnosis or hypnotic communication (Burkle et al., 2005; Hansen et al., 2013) with drops in BIS down to a score of 75. In a diploma thesis, CSI monitoring showed significant decreases in the index after unspecified induction of relaxation or hypnotic trance, but no statistically significant difference between them (Bock, 2013). A subsequent pilot study reported that after an unidentified trance induction, significantly deeper CSI was observed in five highly suggestible subjects (starting from lower baseline values), whereas in four low suggestible subjects, CSI after relaxation or trance induction was raised even higher than the awake baseline (Haipt et al., 2017).

Of great significance is the fact that in the present study on 56 subjects, no random induction text was used, no random hypnotic interventions were used, and no random technique for deepening the trance was applied. Instead, we used a standardized method of hypnosis used worldwide, namely a test for hypnotic susceptibility. The text for the HGSHS has been translated into many languages, and norms have been evaluated for many different countries and groups (Bongartz, 1985; see Table 1 in Peter et al., 2015). HGSHS was chosen for this study because audio recordings are available that further standardize the test and for better comparability with other, preceding studies on monitoring trance inductions. Although HGSHS was originally developed for group testing, individual testing was used here for study feasibility and the subject's convenience. The equivalence of individual and group assessments has been shown (Bowers, 1993). During the test, a trance induction is followed by deepening suggestions and then by several tasks to be performed under hypnosis. This is exactly reflected in the courses of BIS and CSI (Figure 3): a continuous decrease in the indices followed by a slight increase and a rather constant level during the various sensorial and motoric tasks. This increase may be attributable to greater involvement of consciousness during hypnotic tasks, as well as a shift in the brain regions involved in the different motor and sensory tasks (De Benedittis, 2008).



4.4 Comparison of BIS and CSI

The values of CSI were consistently lower than those of BIS and showed more variation. This parallels the findings of studies on medical sedation or anesthesia with propofol, where a scale difference of 6–10 scale points, wider variability, and less reliability were observed for CSI than for BIS (Cortínez et al., 2007; Hoymork et al., 2007; Pilge et al., 2011; Herzog et al., 2021). The observed differences between BIS and CSI scores are in line with the fact that the two methods use different algorithms to extract EEG signals and transform them into scale values between 0 and 100. Both algorithms are kept more or less secret by the manufacturers, which makes comparison difficult. However, with the overlapping use of EEG parameters, the obtained results show substantial and significant correlation (Cho et al., 2018). This was confirmed in the present study, however, with a correlation coefficient of 0.38, equivalent to only a weak consistency (Figure 5). Moreover, the results verify the evaluation that the higher precision and reliability and more comprehensive scientific research of BIS outweigh the advantages in cost and portability of CSI.



4.5 Comparison to subjective hypnotic depth

In addition to the electrophysiological measurements, hypnotic depth was also evaluated by a retrospective subjective self-rating. The HD scores followed a course similar to the BIS and CSI monitoring (Figure 4) but with more variation in the level during task performances. This course during the test for HGSHS has been observed before (Perry and Laurence, 1980), with an increase of depth at task 4 and decreases at tasks 8 and 9 (see Table 1). These inconsistencies, in part, can be attributed to a connection between subjective scoring and task difficulty and experience. For instance, after failing to image a fly (task 9), participants could tend to rate their hypnotic depth low for that item. This substantially weakens the potential of hypnotic depth scoring toward a statement about “real” hypnotic depth. Such changes in depth values were also seen in the present study, in contrast to the course of BIS and CSI during the various items. Although HD and the electrophysiological measurements showed comparable overall courses during HGSHS testing (see Figures 3, 4) with regard to mean values, statistical analysis revealed no significant correlation. The reason for this seeming discrepancy lies in the fact that the corresponding test for linear regression, in contrast to the time course of mean values, compares the values of the individuals. Figure 5 shows exemplary BIS values and a selected phase (test items 2–5, with deep levels of both parameters suggesting effective hypnosis), demonstrating that while BIS and HD showed low average values compared to the awake baseline, subjects with low BIS values could have low and high HD values, and vice versa. In contrast to the time course of means that seem to “correlate,” the test for correlation between individual values of the two parameters was negative. On the other hand, the observed correlation between recorded trance depth and suggestibility scores confirms earlier reports (Perry and Laurence, 1980).



4.6 Influence of hypnotic suggestibility group

Besides its use as a standardized hypnotic intervention in this study, HGSHS testing results in a score of hypnotic susceptibility and accordingly in the division of participants into suggestibility groups, usually in high, medium, and low suggestibles. In the present study, the values of BIS and CSI during the various phases of HGSHS did not differ between high- and low-suggestible subjects (Figure 6). This is in line with a recent study that found that the power spectrum density of alpha, theta, and gamma bands does not support the relevance of the hypnotic induction to the highs' experience of hypnosis (Callara et al., 2023) and thus to hypnotic susceptibility scores. A definitive EEG-based signature for hypnosis and hypnotizability is not yet established (De Pascalis, 1999).

However, our results are in contrast to a report of a correlation between suggestibility and BIS response, with a mean BIS level of 85 in highs and 95 in lows (p < 0.1) (De Benedittis, 2008). A reason for this might be the use of the Stanford Scale of Hypnotic Susceptibility, Form C (SHSS:C) in the respective study. The two scales are not equivalent because their content of sensorial and motoric tasks shows only moderate correlation (Evans and Schmeidler, 1966; Register and Kihlstrom, 1986). Only 36% of subjects classified as highly suggestible according to the HGSHS reached the same group affiliation in the SHSS:C (Kihlstrom, 2015). Furthermore, it might be of critical importance whether the test subject is aware of his or her suggestibility group before the BIS monitoring or not (Callara et al., 2023). This holds for many studies where participants are pre-selected for high suggestibility, as is common in hypnosis research. The influence of expectation on hypnosis has been described and discussed (Kirsch, 2000; Pekala et al., 2010). In the present study, the monitored test only subsequently resulted in group assignments. While some authors have described no or low correlation between suggestibility test results and ratings of hypnotic depth (O'Connell, 1964), others have reported a significant correlation (Perry and Laurence, 1980).



4.7 Can depth of anesthesia monitors measure and monitor the depth of hypnotic trance?

Hypnosis can be seen as a state that enhances reactions to suggestions. Therefore, to measure and monitor hypnosis and accordingly for the distinction of various depths of hypnosis, both markers for this non-ordinary state of consciousness, whether neurophysiological or subjective, and the response to the suggestions are of interest. Originally, suggestibility tests were taken as measures of hypnotic depth (O'Connell, 1964). Meanwhile, they are understood to test the ability of a person to react to suggestions (Peter, 2023). However, the response to suggestions is dependent on both suggestibility and certain conditions that enhance this responsiveness. Such conditions are the hypnotic state (after hypnotic induction) that renders “suggestibility” to “hypnotizability,” or a “natural trance” induced by acute medical situations (Cheek, 1962). The performance after suggestions, namely the experience of hypnotic phenomena with regard to muscular, sensory, and cognitive functions, is therefore not strictly dependent on a formal hypnotic induction and hypnotic depth (Callara et al., 2023). Only in approximately 50% of cases is suggestibility enhanced by hypnotic trance induction (Kirsch, 2000). Moreover, in clinical situations, suggestibility scores affect hypnotic suggestions only to a limited extent (Barber, 1991; Montgomery et al., 2011). Similarly, in psychotherapy, neither actual hypnotic depth (state) nor general suggestibility (trait) seems to correlate well with the therapeutic results of hypnotic interventions, and striking hypnotherapeutic results and benefits are observed at light levels of hypnosis. The percentage of patients who benefit from hypnotic interventions in clinical settings far exceeds the percentage of individuals scoring in the high range of hypnotic suggestibility scales (Montgomery et al., 2011). Similar limitations are evident for using the subjective experience of hypnotic depth, as the definition of hypnotic depth is lacking. There are no criteria defined for the self-rating of hypnotic depth. What should it feel like? In summary, the interrelationships of suggestibility, hypnotizability, hypnotic responsiveness, hypnosis, and hypnotic depth are extremely complex and still under research and debate (Peter, 2023). Further clarification is necessary before the question of whether anesthesia depth monitors can reflect non-pharmacological hypnosis and hypnotic depth can be answered.

Even if many hypnotic phenomena have been shown to leave clear traces in neurophysiological measurements, such as activations in the visual cortex with visual hallucinations or an increase of theta waves in the EEG, neither neuroimaging with fMRT or PET nor electrophysiological monitoring allow us to describe the state of hypnosis with specificity (De Benedittis, 2015). There are neurophysiological correlates of hypnosis but no hypnosis-specific fingerprint. Rather, recent findings provide preliminary evidence regarding the variables that remain viable as factors that might facilitate hypnotic responses, that is, structural connectivity, hemisphere asymmetry, higher levels of theta bandwidth activity, expectancies, trait hypnotisability, motivation, absorptive capacity, rapport, and context (Jensen et al., 2015b). The role and the interactions of these variables, however, remain to be elucidated. Therefore, it is not surprising that if EEG changes are not hypnosis-specific, then EEG-derived scores such as BIS and CSI are not either.

For instance, slow-wave oscillations, mainly theta waves have been hypothesized to facilitate hypnotic responding, i.e., they would be associated with both hypnotic susceptibility (trait) and hypnotic reactions (state) (Jensen et al., 2015b). Other studies have found no differences between suggestibility groups (De Pascalis, 1999; Hiltunen et al., 2021). The picture is even more complex and contradictory with the other oscillation bands, such as alpha, gamma, or delta waves. Taken together, research findings concerning EEG correlates of hypnotisability, hypnotic induction, and hypnotic suggestions have been heterogeneous, inconsistent, and difficult to interpret (Halsband and Wolf, 2021). The reasons are manyfold, including the limitation of EEG to peripheral cortical brain processes because of the superficial location of the electrodes. Moreover, with regard to BIS and CSI monitoring, it has to be considered that they are restricted to frontal registrations.

We are not as convinced as other authors that the “BIS index can reliably measure and monitor the depth of hypnotic trance” (De Benedittis, 2015). However, we confirm that under controlled experimental conditions, when other effects on consciousness are excluded, they can reflect electrophysiological changes connected to induction, deepening, and maintenance of hypnosis, guide improvement of the involved techniques, and allow feasible online monitoring during hypnotic interventions.
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Introduction: Documented use and investigation of hypnosis spans centuries and its therapeutic use has received endorsement by multiple medical associations. We conducted a comprehensive overview of meta-analyses examining the efficacy of hypnosis to provide a foundational understanding of hypnosis in evidence-based healthcare, insight into the safety of hypnosis interventions, and identification of gaps in the current research literature.

Methods: In our systematic review, meta-analyses of randomized controlled trials on the efficacy of hypnosis in patients with mental or somatic health problems compared to any control condition published after the year 2000 were included. A comprehensive literature search using Medline, Scopus, PsycINFO, The Cochrane Library, HTA Database, Web of Science and a manual search was conducted to identify eligible reviews. Methodological quality of the included meta-analyses was rated using the AMSTAR 2 tool. Effect estimates on various outcomes including at least three comparisons (k ≥ 3) were extracted and transformed into a common effect size metric (Cohen’s d). If available, information on the certainty of evidence for these outcomes (GRADE assessment) was obtained.

Results: We included 49 meta-analyses with 261 distinct primary studies. Most robust evidence was reported for hypnosis in patients undergoing medical procedures (12 reviews, 79 distinct primary studies) and in patients with pain (4 reviews, 65 primary studies). There was a considerable overlap of the primary studies across the meta-analyses. Only nine meta-analyses were rated to have high methodological quality. Reported effect sizes comparing hypnosis against control conditions ranged from d = −0.04 to d = 2.72. Of the reported effects, 25.4% were medium (d ≥ 0.5), and 28.8% were large (d ≥ 0.8).

Discussion: Our findings underline the potential of hypnosis to positively impact various mental and somatic treatment outcomes, with the largest effects found in patients experiencing pain, patients undergoing medical procedures, and in populations of children/adolescents. Future research should focus on the investigation of moderators of efficacy, on comparing hypnosis to established interventions, on the efficacy of hypnosis for children and adolescents, and on identifying patients who do not benefit from hypnosis.

Clinical Trial Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023395514, identifier CRD42023395514
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 hypnosis, hypnotherapy, meta-analysis, randomized controlled trial, efficacy


1 Introduction

A systematic review of reviews can provide an expanded view and broad examination of a body of information available for a certain topic (Hartling et al., 2012). Such reviews can highlight the evidence base for treatments with delineation of consistency, discrepancies, safety concerns, and efficacy (Aromataris et al., 2014; Faulkner et al., 2022). This type of generalized information is often used in the development of treatment guidelines and recommendations.

We conducted such an overview of reviews (also called “umbrella review”; Gates et al., 2022) focusing on meta-analyses that have been published in the last 20 years on the efficacy of hypnosis in various clinical fields. Our overview and the meta-analyses included herein are important for clinical hypnosis to be added to treatment guidelines and recommendations as an evidence-based approach. This type of achievement has recently been realized by clinical hypnosis as the North American Menopause Society (NAMS) recommends it with Level-I status (good and consistent scientific evidence), as a nonhormonal treatment to manage menopause-associated vasomotor symptoms (North American Menopause Society, 2023).

The documented use and investigation of hypnosis spans centuries and its therapeutic use has received endorsement by multiple medical associations (British Medical Association, 1955; Council on Mental Health, 1958; Palsson et al., 2023). According to APA Division 30 (Society of Psychological Hypnosis), hypnosis is defined as a “state of consciousness involving focused attention and reduced peripheral awareness characterized by an enhanced capacity for response to suggestion” (Elkins et al., 2015, p. 6). This definition was finalized after several iterations, due to the challenges of defining hypnosis when the mechanisms are complex and have been found in biological (e.g., functional connectivity, brain states), psychological (e.g., expectancy, hypnotizability), and social (e.g., rapport, demand characteristics) domains with no primary factor and variable combinations of factors across applications (Jensen et al., 2015). Hypnotherapy includes the therapeutic application of hypnosis, defined as the “use of hypnosis in the treatment of a medical or psychological disorder of concern” (Elkins et al., 2015, p. 7). The past several decades have yielded helpful research findings from investigations on the therapeutic use of hypnosis to treat a variety of somatic and mental concerns.

Over the past 20 years, the field of clinical hypnosis has seen an improvement in scientific rigor and new research has expanded to include randomized control trials and meta-analyses alike. A past systematic review of meta-analyses (Häuser et al., 2016) highlighted the safety and efficacy of hypnosis within medicine and found robust evidence for the use of hypnosis to reduce pain, emotional distress, duration of medical interventions, medication use, and symptoms related to irritable bowel syndrome. The authors indicate that helping patients learn and use self-hypnosis techniques can empower them to participate more in their treatment and enhance their autonomy. Hypnosis techniques were also identified to help build trust between patients and providers and many of these techniques do not require a formal hypnotic induction to be effective. Although some research has pointed out potential unwanted effects associated with hypnosis (Gruzelier, 2000), the authors’ conclusion regarding hypnosis as a safe intervention is consistent with a 2018 analysis of frequencies of adverse events in registered clinical trials which reported that there was zero report of a serious adverse event attributable to hypnosis and that the rate of “other adverse events” was 0.47% across 429 participants included in the studies (Bollinger, 2018). Further evidence of this is provided in a large meta-analysis on hypnosis for pain relief which included 3,632 patients across 85 trials concluding that hypnosis is both a safe and effective alternative to pharmaceutical approaches (Thompson et al., 2019).

A recent international survey that included nearly 700 hypnosis practitioners (Palsson et al., 2023) provides a general view of how hypnosis is utilized in clinical settings. Results from the survey revealed that hypnosis is most commonly used by clinical psychologists (42.7% of respondents reported this as their profession) and 60.5% of respondents reported offering hypnosis treatment in a private practice setting. Respondents were also asked to rate the effectiveness of specific applications of clinical hypnosis. Seven applications of hypnosis were rated as “highly effective” by at least 70% of respondents: stress reduction, enhancing well-being, preparing for surgery, anxiety, mindfulness, childbirth, and enhancing confidence. Conversely, the applications with the least amount of endorsement for being highly effective included obsessive-compulsive disorder, eating disorders, and weight loss. Almost two-thirds of respondents reported using video conferencing to provide hypnosis intervention and the majority of those professionals rated remote delivery to be as effective as in-person delivery. It is important to note that some have critiqued the survey in its effort to gather information about the “hypnosis styles” commonly used by respondents’ which had overlapping response options and unclear intention (McCann, 2023).

The recently published Evidence-Based Practice in Clinical Hypnosis (Milling, 2023) provides a helpful resource that outlines the evidence and use of hypnosis for issues such as depression, anxiety, pain, and smoking cessation. In the introductory chapter (Lynn and Green, 2023), the authors delineate what clinical hypnosis looks like in practice. More specifically, they describe that it usually begins with “prehypnotic information” characterized by inquiring about beliefs and previous experience with hypnosis, correcting misconceptions, discussing goals and potential suggestions, instilling positive expectancy, and answering any questions. This is typically followed by the hypnotic induction which conventionally includes instructive suggestions for eye fixation and closure, attention to breathing, calmness, and relaxation. After that, clinicians usually provide suggestions for “deepening” which focuses on intensifying and expanding the relaxation and feelings of calmness. This is traditionally followed by the hypnotic suggestions that deliberately aim to evoke a helpful emotional, psychological, and/or physiological experience based on the goals of treatment. Posthypnotic suggestions (those that elicit behavioral or mental activity after hypnosis) are often provided before re-alerting patients to normal consciousness.

A recent turning point in hypnosis research occurred in 2021 when the National Center for Complementary and Integrative Health (NCCIH) issued three funding opportunity announcements for mind-body intervention trials, and identified hypnotherapy as a treatment approach with “high programmatic priority” (National Center for Complementary and Integrative Health, 2021a,b,c). These funding mechanisms are consistent with the NCCIH strategic plan to pursue research that “[fosters] research on health promotion and restoration, resilience, disease prevention, and symptom management;” a top priority of the center (National Center for Complementary and Integrative Health, 2021d). Notably, these are the first grant opportunities issued by the NCCIH since 2015 to identify hypnotic interventions as a high priority research topic. The NCCIH recognizes evidence for the efficacy of hypnosis in the treatment of IBS, chronic pain, PTSD, and hot flashes (National Center for Complementary and Integrative Health, 2020). The NCCIH website also notes preliminary data for the use of hypnosis in smoking cessation and anxiety related to medical and dental procedures.

While there is extensive evidence regarding the efficacy of hypnosis for various mental and somatic concerns, its generalized efficacy is not clearly understood. We were interested in investigating the broad efficacy of hypnosis interventions on various problem-relevant outcomes compared to non-active or active control groups as reported in meta-analyses of randomized controlled trials which are considered to be at the top of the evidence hierarchy (Guyatt et al., 1995) and provide a foundational component of evidence-based healthcare. To our knowledge, this is the first overview of meta-analyses that summarizes relevant findings for clinical hypnosis. Hunt et al. (2018) suggested that overviews such as this can help filter the breadth of available information to improve decision making in healthcare and inform accurate development of treatment recommendations. We find this endeavor worthwhile to bring a greater awareness of hypnosis-specific interventions and to provide both researchers and clinicians a “user-friendly” overview of hypnosis research to more easily understand how clinical hypnosis can help, its overall safety, and in what areas more research is warranted.



2 Materials and methods

The reporting of this overview of reviews was guided by the standards of the Preferred Reporting Items for Overviews of Reviews (PRIOR) Statement (Gates et al., 2022).


2.1 Eligibility criteria

According to our a-priori review protocol (PROSPERO International prospective register of systematic reviews, registration number CRD42023395514), we considered the inclusion of meta-analyses synthesizing results from randomized controlled trials (RCTs) only, in addition to those reporting effects of RCTs in subgroup analyses. Eligible reviews included patients with mental or somatic health problems of any age demographic. Reviews on experimental studies were excluded. Meta-analyses needed to either focus explicitly on hypnosis or report effects of a hypnosis intervention in subgroup analyses. Any non-active or active control group was considered as eligible comparator. Analyses reporting pooled effect estimates had to be based on at least three comparisons (k ≥ 3). Inclusion was limited to reviews published after the year 2000 to ensure a higher chance of systematic and more rigorous meta-analytic methods, transparent and complete reporting of methods and results, and risk of bias judgement of the included studies (Moher et al., 1999).



2.2 Information sources and search strategy

A comprehensive literature search was conducted in MEDLINE, Scopus, PsycINFO, The Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology Register), Health Technology Assessment Database, and Web of Science (science and social science citation index). Within these databases, the search strategy included terms relating to or describing the intervention (hypnosis or hypnotherapy) and the study design (meta-analysis). There were no language restrictions, but an English abstract was required. The last search was conducted on 09.03.2023. The full MEDLINE search strategy is presented in Supplementary material 1. We adapted the search strategy used in MEDLINE to run properly in the other electronic databases. Further, we validated our search by verifying whether all trials reported in comprehensive yearly reviews of published meta-analyses and RCTs on the effectiveness of clinical hypnosis and hypnotherapy (published 2014–2021 in the German journal “Hypnose-ZHH” by Maria Hagl) were included. In addition, we conducted a manual search in the reference lists of the included reviews.



2.3 Selection process

Two authors (AH and JR) jointly decided whether a systematic review met the inclusion criteria of this overview of reviews. In case of redundant publications of the same study, only one publication was considered for inclusion and the overlap was noted.



2.4 Data collection process

Descriptive data of the reviews was extracted by one author (AH) who was previously trained. Initially, extracted information of a subset of five reviews was checked by another author (JR) who had extensive coding experience to calibrate data extraction and to ensure fidelity with the codebook.

Overlap in the included primary studies was identified by generating a studies-included-per-review matrix. Updates of existing reviews were marked as such. We did not exclude previous versions of updated meta-analyses to recognize scientific progress. If various publications of the same dataset were identified, only one publication was considered for inclusion, and we report this duplicate publication.

Outcome data was extracted by one author (JR) with extensive experience in meta-analytic effect size coding. Effect sizes were extracted per comparison and outcome, regardless of primary study overlap across the reviews. We used standardized mean differences (Cohen’s d) with 95% confidence interval to display differences between hypnosis and control conditions, applying the interpretation guideline of Cohen (1992), regarding 0.20, 0.50, and 0.80 as small, medium, and large effect sizes, respectively. Positive effect sizes indicate a superiority of the hypnosis condition, while negative effect sizes suggest a superiority of the comparison condition. If outcome data were reported in different effect size formats (e.g., odds ratio), we transformed it into Cohen’s d by using Comprehensive Meta-Analysis (Biostat) software.



2.5 Data items

We extracted the following data items from the included reviews: descriptive characteristics of the meta-analyses (and their included primary studies), data to inform risk of bias assessment of the meta-analyses (and their included primary studies), quantitative outcome data, and certainty of evidence for important outcomes [e.g., heterogeneity of results, Grading of Recommendations, Assessment, Development and Evaluation (GRADE) assessments; Guyatt et al., 2008]. Data selection and coding were realized by two independent raters (AH and JR). Disagreements were resolved by consensus discussion. When necessary, a third researcher (CA) was consulted. If information on an aggregate level was missing in the included reviews, we checked the descriptions of the primary studies as reported in the reviews.



2.6 Risk of bias assessment

Methodological quality of the included meta-analyses was appraised and rated using the second edition of A MeaSurement Tool to Assess systematic Reviews (AMSTAR 2; Shea et al., 2017). The AMSTAR 2 is comprised of 16 domains (seven critical and nine noncritical) that allow for rating beyond a dichotomous “yes” or “no” to provide one of four overall ratings of confidence in the results of the review: high, moderate, low, and critically low. The critical domains included inquiries on protocol preregistration, adequacy of literature search, justification for exclusions, risk of bias, meta-analytic methods, interpretation of results, and publication bias. Meta-analyses in the present study were first rated on the seven critical domains because the presence of one or more critical flaw would result in an unchangeable rating of low (one critical flaw with or without non-critical weaknesses) or critically low (more than one critical flaw with or without non-critical weaknesses), respectively. Meta-analyses that did not have any critical flaws were rated on the other nine non-critical domains to earn an overall rating of moderate (more than one non-critical weakness) or high (no or one non-critical weakness), respectively.



2.7 Synthesis methods

Results were summarized graphically using a common effect size metric (standardized mean difference, Cohen’s d). We did not synthesize the results of the reviews because of the diversity of populations, comparators, and outcomes and the considerable overlap of the primary studies across the included reviews.



2.8 Reporting bias assessment

Reporting bias considered in the included reviews (i.e., potential publication bias in the review results) was assessed using item 15 of the AMSTAR 2 tool (Shea et al., 2017). Two independent raters (CA and JR) assessed whether the authors of the included meta-analyses carried out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review. Disagreements were resolved by consensus discussion.



2.9 Certainty assessment

For each comparison and outcome, we extracted information on the certainty for the body of evidence [i.e., GRADE assessments (Guyatt et al., 2008)] if it was reported in the included reviews. We also collected specific information on the inconsistency of results, which is commonly reported by indicators of heterogeneity (Higgins et al., 2003).




3 Results


3.1 Systematic review selection

Our comprehensive search in various relevant data bases resulted in a total of 3,389 records. Of these, 2,723 duplicate and ineligible records were excluded. We screened 666 records, and after exclusion during abstract screening, 290 records remained and were screened for eligibility via full-text inspection. Of these, 241 reports were excluded due for reasons such as duplicate publication or failure to meet the inclusion criteria. Finally, 49 reviews were included in the present synthesis (Figure 1; Supplementary material 2). Studies that appeared to meet the inclusion criteria but were excluded during the selection process are presented in Supplementary material 3.
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FIGURE 1
 PRIOR flow diagram (Gates et al., 2022).




3.2 Characteristics of the systematic reviews

The 49 included meta-analyses were published between 2003 and 2022 and comprised 261 primary studies (published between 1962 and 2021). Twelve reviews (including 79 distinct primary studies) focused on medical procedures (e.g., surgery, needle-related procedures, etc.), five reviews were on labor and childbirth (10 primary studies), four reviews examined hypnosis for patients with pain (65 primary studies), and another five reviews focused on cancer (26 primary studies). We also identified 10 reviews on irritable bowel syndrome (19 primary studies), one review on obesity (16 studies), four reviews on smoking cessation (14 studies), and five were on patients with symptoms of mental/psychosomatic disorders (including insomnia; 37 primary studies). Additionally, we included three comprehensive reviews (112 primary studies) on various disorders. These reviews reported effects pooled across all studies and outcomes, but also yielded subgroup data for specific problems. Characteristics of the included meta-analyses are presented in Table 1 (more details are provided in Supplementary Table S1). The number of included hypnosis trials per review ranged from three (Smith et al., 2003; O’Toole et al., 2016) to 57 (Flammer and Bongartz, 2003). The number of patients included in the primary studies of the reviews ranged from 94 (O’Toole et al., 2016) to 4,269 (Holler et al., 2021), with a median of 502 (interquartile range 253 to 1,409). The majority of the reviews (n = 32, 65.3%) included adults only. In four reviews (8.1%), only children and/or adolescents were considered, 11 reviews (22.4%) included patients of all ages, and two reviews did not report information on the age of the study population. Of the 49 reviews, 18 (36.7%) included RCTs on hypnosis only, 23 (46.9%) focused on RCTs on different interventions and reported subgroup results for hypnosis, and eight reviews (16.3%) included randomized and non-randomized studies on hypnosis and reported subgroup results for RCTs. Seventeen reviews provided information on the assessment of hypnotizability within the primary studies. In eight of these reviews, results on the relationship between hypnotizability and outcome were reported (more or less detailed; Supplementary Table S1). Hypnosis was compared against various non-active and active control groups, predominantly against treatment as usual control groups (36 meta-analyses, 73.5%), attention control/placebo (31, 63.3%), active control/alternative treatment (17, 34.7%), waitlist control conditions (16, 32.7%), and no treatment control groups (13, 26.5%, see Table 1; Supplementary Table S1).



TABLE 1 Characteristics of the included systematic reviews.
[image: Table1]



3.3 Primary study overlap

There was a considerable overlap of primary studies across the included systematic reviews (Supplementary Figure S1). Each primary study was included in M = 2.21 (SD = 1.77) reviews. Of the 261 distinct primary studies, 129 (49.4%) were considered in only one review, while some studies were included in several reviews: Lindfors et al. (2012) was included in 10 reviews; Moser et al. (2013) and Liossi et al. (2006) were included in 9 reviews, Katz et al. (1987), Lang et al. (2000) and Liossi and Hatira (2003) were each included in 8 reviews (Supplementary Table S2).



3.4 Risk of bias in systematic reviews

The assessment of the methodological quality of the included reviews using the AMSTAR 2 tool (Shea et al., 2017) revealed only a few overall quality ratings of high. The methodological quality of nine reviews (18.4%, including three of four reviews on smoking cessation) was judged as high, indicating no weaknesses in critical domains. One review was assessed as having moderate overall quality due to two non-critical weaknesses and low overall quality was judged for 13 reviews (26.5%), indicating one critical flaw with or without non-critical weaknesses. Of these low quality reviews, nine did not provide a list of excluded studies and justified the exclusions, three did not assess the presence of a publication bias and discuss its likely impact on the results, and one review did not register an a-priori review protocol. A majority of 26 reviews (53.1%) had a methodological quality judged as critically low (i.e., having more one critical flaw with or without non-critical weaknesses). Figure 2 shows a summary of the quality assessment of the included reviews. Results of the AMSTAR 2 assessment on the critical items and an overall rating for the included studies are shown in Supplementary Table S3.
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FIGURE 2
 Quality assessment of the included reviews showing overall ratings of the AMSTAR 2 tool. Each circle represents one included review, and the number in circles are studies included in each review. Order of circles is from high quality (left) to low quality (right).




3.5 Summary of results

We extracted i = 118 effect sizes from the included reviews. Effect sizes (Cohen’s d) were based on M = 9.19 primary studies including M = 796 patients, and ranged from d = −0.04 to d = 2.72 (Figures 3–5). More than half of the effects (i = 75, 63.6%) were reported as significant. According to Cohen (1992), about one third of the effects (i = 41, 34.7%) can be regarded as small, 25.4% (i = 30) as medium, and 28.8% (i = 34) as large.
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FIGURE 3
 Effect sizes for comparing hypnosis against control conditions in patients undergoing medical procedures or labor/childbirth. Colored areas indicate different effect size interpretation as negative (red), very small/d < 0.2 (yellow), and small/d ≥ 0.2, medium/d ≥ 0.5, or large effects/d ≥ 0.8 (green). Attention, attention control; ICU, intensive care unit; TAU, treatment as usual.
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FIGURE 4
 Effect sizes for comparing hypnosis against control conditions in patients with pain, cancer, or irritable bowel syndrome. Colored areas indicate different effect size interpretation as negative (red), very small/d < 0.2 (yellow), and small/d ≥ 0.2, medium/d ≥ 0.5, or large effects/d ≥ 0.8 (green). Blank cells indicate missing information. Attention, attention control; CBT, cognitive-behavioral therapy; NoT, no treatment control; SM, symptom monitoring; TAU, treatment as usual; WL, waitlist control.
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FIGURE 5
 Effect sizes for comparing hypnosis against control conditions for smoking cessation, obesity, patients with psychological/psychosomatic symptoms or somatic complaints, and for various disorders. Colored areas indicate different effect size interpretation as negative (red), very small/d < 0.2 (yellow), and small/d ≥ 0.2, medium/d ≥ 0.5, or large effects/d ≥ 0.8 (green). Blank cells indicate missing information. Attention, attention control; CBT, cognitive-behavioral therapy; NoT, no treatment control; TAU, treatment as usual; WL, waitlist control.



3.5.1 Medical procedures

Reviews on patients undergoing medical procedures made up the largest number of our synthesis (n = 12). In these reviews, 34 effect sizes were reported ranging from d = 0.1 to d = 2.53, 28 effect sizes were significant, 17 can be interpreted as small, five as medium, and nine as large effects. The largest effects appeared in populations of children with needle-related pain and distress (Uman et al., 2006; Birnie et al., 2018), with effect sizes between d = 1.07 and d = 2.53. Homogeneously across all reviews, (very) small effects were seen for physiological parameters, procedure time, and recovery. Medium to large effects appeared for mental distress including anxiety, except for one review (Zeng et al., 2022) that reported a small effect (Figure 3).



3.5.2 Labor and childbirth

Five reviews examined hypnosis in labor and childbirth, reporting 19 effect sizes ranging from d = −0.04 to d = 1.16. Eighteen effect sizes were positive, but only four proved to be significant. Among the reported effects, four were small, five were medium, and another five were large. For the outcome “use of pharmacological pain relief,” the largest effects appeared (five effect sizes; all but one medium to large and significant). The majority of effects on other birth-related outcomes were (very) small and not significant (Figure 3).



3.5.3 Pain

Effects on hypnosis in patients with various types of clinical pain including fibromyalgia were examined in five reviews (one reported effects within a subgroup analysis; Ramondo et al., 2021). Seven positive effect sizes (six significant, three each small or medium, one large) were reported, ranging from d = 0.37 to d = 0.81 (Figure 4). Six effects were reported for pain (intensity), and one review reported results for the reduction of sleep problems (d = 0.81; Zech et al., 2017).



3.5.4 Cancer

Eleven positive effect sizes (d = 0.43 to d = 2.72) coming from six reviews were reported for nausea and vomiting, pain, and anxiety in cancer patients. Nine effects were significant (no information on the significance of the remaining two effects), one each can be interpreted as small or medium, and nine effects were large (including all effects on pain and anxiety; Figure 4).



3.5.5 Irritable bowel syndrome

A group of 10 reviews examined the use of hypnosis for patients with irritable bowel syndrome. Effects were reported for gastrointestinal symptoms, but also for other issues that accompany the disease, e.g., pain, diarrhea, constipation, bloating/distension, mental distress, anxiety and depression, and health-related quality of life. For most of these outcomes, hypnosis revealed small (i = 11) or medium effects (i = 8). Only one effect size was large (abdominal pain; Lee et al., 2014). Range of effects was from d = 0.02 to d = 0.83, and eight of the 15 effects were significant (Figure 4).



3.5.6 Smoking cessation

Five reviews (including three Cochrane reviews) compared hypnosis for smoking cessation to various control groups. Altogether, six effects were reported, ranging from d = 0.12 to d = 0.84 (Figure 5). Only two effects were significant. Two effects fell into the range of small effects, and one each was medium or large.



3.5.7 Obesity

We included two reviews focusing on obesity reporting six effect sizes (range d = 0.09 to d = 1.58; Figure 5). In comparison to treatment as usual, attention control, or no treatment conditions, significant, large effects emerged for weight loss at post-treatment and follow-up. When hypnosis combined with cognitive-behavioral therapy (CBT) was compared to CBT alone, effects on weight loss were (very) small at post-treatment but increased to significant large effects at follow-up.



3.5.8 Symptoms of mental/psychosomatic disorders

In seven reviews, nine effect sizes were reported for reduction of symptoms of mental or psychosomatic disorders. The effects ranged from d = 0.06 to d = 1.58, one effect was small, three were medium, and four were large. All effects were significant, except one non-significant null effect on anxiety symptoms when hypnosis in addition to CBT was compared to CBT alone (Figure 5).



3.5.9 Various disorders

Moreover, one review (Flammer and Bongartz, 2003) reported a significant medium effect size of d = 0.64 for hypnosis in patients with somatic complaints on various outcomes. Three comprehensive reviews on hypnosis for various disorders pooled the effects of all included studies (Flammer and Bongartz, 2003; Eason and Parris, 2019; Ramondo et al., 2021). The four reported effect sizes were significant and ranged from d = 0.25 to d = 1.28. One can be regarded as small, two as medium, and another one as large.



3.5.10 Harms or unintended effects of hypnosis

Eight of the 49 included reviews stated that no adverse events or side effects were reported in any of the included primary studies. One review (Schaefert et al., 2014) reported, that in one primary study one patient complained of slight dizziness after the first hypnosis session but continued the therapy, while in another study one dropout due to a panic attack during a hypnosis session was mentioned. In the review of Lam et al. (2015), only one study reported the incidence of adverse events, which was seen in the control group receiving zolpidem. The meta-analysis of Noergaard et al. (2019) considered “reduction in adverse events” as an outcome. Seven studies reported data, the pooled effect was in favor of hypnosis, but non-significant (RR = 0.61). In two reviews of hypnosis in labor and childbirth, there were two (Madden et al., 2012) or three primary studies (Madden et al., 2016) that reported data on any adverse events (i.e., maternal side effects, newborn resuscitation), but no significant differences between hypnosis and control groups were found. In two primary studies included in the review of Barnes et al. (2019), data on adverse events were reported without revealing any statistically significant difference between the hypnosis and control groups. The remaining 28 reviews did not include information on the safety of hypnosis (Supplementary Table S1).



3.5.11 Moderators of efficacy

Reviews including n ≥ 10 studies were inspected for the reporting of moderator effects on the efficacy of hypnosis, potentially yielding sufficient statistical power to detect moderator effects in meta-regression or subgroup analyses. Results are summarized in Supplementary Table S4.

Various patient characteristics were examined in the reviews for their potential impact on the efficacy of hypnosis. Two reviews (Schnur et al., 2008; Chen et al., 2017) found significantly higher mean effect sizes in studies with children than in trials with adult populations, while Flammer and Alladin (2007) did not demonstrate differential effects based on age. Results on the impact of participants’ sex is mixed. One review reported significantly larger effects for studies with participants of mixed-sex compared to female-only populations (Chen et al., 2017). In contrast, another review could not find any differences between subgroups (male, female, mixed; Flammer and Alladin, 2007). In the review of Chen et al. (2017), significantly larger effects were found in studies with hematological malignancy than in trials with patients suffering from a solid tumor and for studies with procedure-related stressors compared to no such stressors. In reviews including patients undergoing surgery, neither effects of anesthesia (local, general; Tefikow et al., 2013; Holler et al., 2021), nor type of surgery (diagnostic procedure vs. other, Kekecs et al., 2014; Holler et al., 2021) could be found. Two reviews examined the impact of hypnotizability on treatment outcome, reporting medium (r = 0.31, Flammer and Alladin, 2007; r = 0.44; Flammer and Bongartz, 2003) and large correlations (r = 0.53; Milling et al., 2021) between hypnotizability and outcome.

Moderator analyses of characteristics of the hypnosis intervention included formal aspects of the intervention (format, setting, presentation mode, dose, frequency) and characteristics of the hypnosis intervention itself (type of hypnosis, standardization, use of direct suggestions). Neither format (hypnosis provided individually vs. in groups; Flammer and Alladin, 2007; Krouwel et al., 2021) nor setting (inpatients, outpatients, mixed; Flammer and Alladin, 2007) had an impact on the efficacy of hypnosis. Moderator analyses on the mode of presentation yielded significantly larger effects for live presentations in comparison to audio recorded presentations (Schnur et al., 2008; Kekecs et al., 2014). However, this was not the case in two other reviews (Tefikow et al., 2013; Holler et al., 2021). Results on the impact of dose on treatment outcome are also mixed. While two reviews found significant advantages for participants receiving more treatment time (Krouwel et al., 2021; Ramondo et al., 2021), two other reviews did not yield results to support differential effects of an intervention based on the dose (brief, medium, long; Tefikow et al., 2013; Holler et al., 2021). Moreover, there was no difference of frequency on outcome; weekly sessions produced effects similar to sessions less than once weekly; (Krouwel et al., 2021).

In the review of Flammer and Alladin (2007), type of hypnosis was demonstrated to be a moderator variable. “Modern hypnosis” was significantly more effective than classical hypnosis and mixed-forms of hypnosis. Furthermore, the impact of self-hypnosis, direct suggestions, and standardization was tested. Hypnosis was significantly more effective when it combined therapist delivery with self-hypnosis compared to self-hypnosis only (Chen et al., 2017) and hypnosis interventions had significantly larger effects when incorporating self-hypnosis than when self-hypnosis was not included (Milling et al., 2018). Studies that incorporated direct suggestions, i.e., suggestion directly addressing the primary outcome pain, did not produce larger effects than trials which did not use such suggestions (Milling et al., 2021). Additionally, Holler et al. (2021) found no effects of standardization of hypnosis.

Characteristics of the control group did not influence the size of reported effects, as similar results were reported for hypnosis compared to standard care and to attention control conditions (Schnur et al., 2008; Tefikow et al., 2013; Holler et al., 2021).

Finally, characteristics of the included primary studies had an influence on the reported effect size of hypnosis. In one review, sample size was significantly and inversely correlated with effect size (Schnur et al., 2008), another review found significantly larger effects for studies conducted in Europe than in trials conducted in America (Chen et al., 2017).




3.6 Reporting biases

In 37 of the included meta-analyses (75.5%), the authors carried out an adequate investigation of publication bias (small study bias) and discussed its likely impact on the results (Supplementary Table S3).



3.7 Certainty of evidence

Only few included reviews reported the certainty in the body of evidence. High certainty was reported only for two effects (self-reported pain, hypnosis vs. standard care, and vs. attention control; Jong et al., 2020). Certainty was moderate for five effects (pain intensity at post-treatment, hypnosis vs. control; Langlois et al., 2022; postoperative pain, postoperative anxiety, procedure time, and postoperative nausea and vomiting, hypnosis vs. control; Zeng et al., 2022). For four effects, the certainty of evidence was rated as low (spontaneous vaginal birth, hypnosis vs. control; Madden et al., 2016; smoking cessation, hypnosis vs. attention-matched behavioral treatments; Barnes et al., 2019; pain intensity follow-up and pain interference with daily activities, hypnosis vs. control; Langlois et al., 2022), and for five effects it was judged as very low (smoking cessation, hypnosis vs. no smoking cessation support; Hartmann-Boyce et al., 2021; self-reported pain, self-reported distress, and behavioral measures of distress, hypnosis vs. control; Birnie et al., 2018; use of pharmacological pain relief/anesthesia, hypnosis vs. control; Madden et al., 2016). Information on the inconsistency of results was reported more frequently in the reviews (i = 95, 80.5% of the extracted effect sizes). If reported, heterogeneity was low (I2 ≤ 50%) or significant for about one third of the effects (i = 32, 33.7%), in two thirds it was substantial (I2 > 50%) and/or significant (i = 63, 66.3%).




4 Discussion

With this systematic review of meta-analyses, we aimed at investigating the efficacy of clinical hypnosis interventions on various problem-relevant outcomes compared to non-active or active control groups. Through a comprehensive search in relevant databases, we identified 49 meta-analyses which were comprised of 261 distinct randomized controlled trials. Hypnosis interventions were examined for various mental and somatic health concerns and included adult populations as well as children and adolescents. The findings reported in the included meta-analyses underline the potential of hypnosis to positively impact various mental and somatic treatment outcomes. Specifically, more than half of the results were at least of medium effect size, and only one negative effect was reported (in fact, it was a null effect; d = −0.04). The most robust evidence was demonstrated in studies involving patients undergoing medical procedures with 12 reviews including 79 distinct primary studies, and in patients with pain (four reviews, 65 primary studies). The largest effects were seen for hypnosis in populations of children/adolescents, however, only four reviews focused on the efficacy of hypnosis specifically in children and/or adolescents. Of the 11 other meta-analyses that included children/adolescents and adult populations, one review supported the larger effects of hypnosis in children than in adults (Schnur et al., 2008), while two other meta-analyses did not find differences (Flammer and Alladin, 2007; Chen et al., 2017). The findings also demonstrated a substantial heterogeneity of primary study results in about two thirds of the reported effects, which clearly limits the generalizability of the findings and points to the need of exploring the variance in results via moderator analyses (Thompson, 1994). While most of the included meta-analyses did not involve a sufficient number of primary studies to allow for moderator analyses (Hedges and Pigott, 2004), nine meta-analyses investigated the impact of patient, intervention, and control group characteristics on the outcome of hypnosis (Flammer and Bongartz, 2003; Flammer and Alladin, 2007; Schnur et al., 2008; Tefikow et al., 2013; Kekecs et al., 2014; Chen et al., 2017; Milling et al., 2018, 2021; Ramondo et al., 2021). Overall, the moderator analyses tested a variety of potential impact factors but revealed mixed results. The only consistent evidence was reported for hypnotizability, which had medium to large positive effects on the outcome of hypnosis and supports findings of a meta-analysis on the impact of hypnotizability in clinical care settings (Montgomery et al., 2011). More specifically, 34 effects from 10 studies and 283 participants revealed statistically significant correlation (r = 0.24), indicating that greater hypnotizability was associated with greater effects of hypnosis interventions.

This synthesis led to the identification of some limitations of the evidence from the included systematic reviews and their primary studies. First, there is a large overlap of primary studies across the included reviews hampering an unbiased meta-synthesis of the reported effects. Second, heterogeneity of findings across the primary studies in the included reviews is mostly substantial, rendering it difficult to draw general conclusions and make clear recommendations for clinical practice. Third, a considerable number of effects is based on a very low number of studies/comparisons which negatively impacts the precision of the meta-analytic results (Brand and Bradley, 2016) and the possibility to examine moderator effects (Hedges and Pigott, 2004). Third, not only is the number of studies included in a considerable number of meta-analyses low, but also the number of patients per study. On the one hand, meta-analysis is advantageous in enhancing the precision of single studies by combining multiple findings to generate a pooled estimate (Finckh and Tramèr, 2008). On the other hand, if only a few (small) studies are included in an overall effect size, the precision of meta-analytic results may, nevertheless, be low (Guyatt et al., 2011). Fourth, most of the included reviews pooled their effects across various types of control groups (i.e., passive and active control groups), making it difficult to provide clear recommendations for clinical practice. Fifth, results of the included meta-analyses provided only sparse evidence on direct comparisons to other established interventions/interventions that have been proven efficacious (e.g., head-to-head comparisons). Finally, safety data were reported only in less than half of the reviews. To make a balanced decision about the use of hypnosis, it is essential to have comprehensive evidence on both benefits and harms. Therefore, systematic harm monitoring and reporting should become standard in RCTs of behavioral interventions (Klatte et al., 2023).

The results of our overview should be interpreted by considering some limitations of the review methods used. We did not calculate overall effects across the reported estimates, considering the substantial overlap of primary studies included in the meta-analyses. We further did not include the risk of bias within and across the primary studies as reported in the meta-analyses. Internal validity was assessed by using the Cochrane risk of bias tool (Higgins et al., 2011; Sterne et al., 2019) in most reviews (see Supplementary Table S1), but its impact on the effects was analyzed and reported not consistently in all reviews. Similarly, publication bias was not systematically examined in the included meta-analyses, potentially due to an insufficient number of primary studies to run tests for funnel plot asymmetry (with k < 10 the assessment methods are not very reliable; Dalton et al., 2016).

Our overview of meta-analyses carries various implications for clinical practice and for future research. Altogether, there is reasonable evidence from primary studies and systematic reviews that hypnosis can be an efficacious treatment option for patients with mental and somatic health problems. Although effects were heterogeneous for many outcomes, nearly all (99.2%) were positive, and the majority of effects was at least of medium effect size. Taking into account that clinical hypnosis is usually applied as a low-dose intervention, the results are promising. Hypnosis revealed the largest effects in children and for patients undergoing medical procedures. Because children and adolescents are often viewed as having higher average hypnotic ability than that of adults, it seems sensible that younger patients with mental or somatic health issues may be more responsive to hypnotic suggestions than adult patients (Accardi and Milling, 2009). Large effects of hypnosis in patients undergoing medical procedures might be driven by the patient-provider context and the idea that medical settings are especially conducive for responding to suggestions (Cheek, 1962; Varga, 2013).

Two of the included reviews focused on the effect of hypnosis in combination with CBT (Milling et al., 2018; Ramondo et al., 2021). The results suggest that hypnosis might have an additional impact when used as an adjunct to CBT, and the largest effects were seen when the hypnotic treatment directly integrated CBT principles into the hypnosis (Ramondo et al., 2021).

Our comprehensive overview also aimed at identifying research gaps to guide future research. In the light of our findings, we encourage hypnosis researchers to examine moderators of efficacy and to contribute further knowledge to the question: What works for whom and under which circumstances? We also emphasize the need for studies directly comparing hypnosis to established interventions that have been proven efficacious and to extend the knowledge basis on the effectiveness of hypnosis for children and adolescents. Finally, to allow for a balanced interpretation of benefits and harms of hypnosis and to derive clear recommendations for using hypnosis in various settings, harmful and unintended effects of hypnosis have to be explicitly and comprehensively assessed within future RCTs, transparently and completely reported in the respective publications, and should be considered in the reporting of subsequent meta-analyses.



5 Conclusion

This systematic review of meta-analyses provides a broad overview of the substantial evidence supporting the use of clinical hypnosis to treat a range of mental and somatic health issues. The vast majority (99.2%) of outcomes demonstrated positive effects, with over half exhibiting at least a medium effect size. Notably, the largest effects were found when hypnosis was used with child/adolescent patient populations, to treat pain, and to aid medical procedures. The review also revealed important limitations, including substantial heterogeneity in study outcomes which warrants a call for more studies directly comparing hypnosis to established interventions. Greater awareness for assessing adverse events in efficacy research on hypnosis is needed. Overall, these findings support the use of hypnosis in clinical practice and mental health professionals and medical providers are thus encouraged to consider the use and referral of hypnosis interventions, especially for patients undergoing medical procedures, those experiencing pain, and when working with children.
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Objective: Dental anxiety is widespread among both children and adults. To diagnose dental anxiety, standardized anxiety questionnaires are recommended. Based on the suggestive nature of the questionnaires, the study aimed to find out whether asking respondents about personal coping strategies before dental treatment influences their anxiety.

Methods: This prospective, double-blind, randomized controlled clinical trial included a total of 158 patients of a university dental clinic on emergency service. The intervention group (n = 82) received the Coping with Anxiety Questionnaire (CAQ) and the control group (n = 76) the Hierarchical Anxiety Questionnaire (HAF). State anxiety scores were assessed by using the State–Trait Anxiety Inventory (STAI) before and after the completion of each questionnaire.

Results: Anxiety decreased in the intervention group (CAQ) (p < 0.001) and increased in the control group (HAF) (p < 0.001).

Conclusion: Within the limitations of the current study, a diagnostic tool of a standardized questionnaire for the assessment to assess personal coping strategies decreased state anxiety in comparison to a questionnaire assessing anxiety.

Clinical trial registration: https://www.drks.de, German Trials Register (DRKS00032450).
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1 Introduction

The level of anxiety associated with a dental visit is approximately 60–80% of the population (Rowe, 2005; Oostering et al., 2009; Sartory and Wannemüller, 2010). Patients aged 19–29 years have the highest levels of dental anxiety (Eitner et al., 2006), with a higher prevalence in women than in men (Hoefert and Jöhren, 2010). Dental anxiety can be triggered differently from person to person, including by the thought of visiting the dentist, the typical smell, or certain situations (Oostering et al., 2008). Although nowadays there is the possibility of almost painless treatment, about 10% avoid visiting the dentist altogether (Hoefert and Jöhren, 2010). A distinction is made between dental anxiety (DA) without disease value (DAnoDV) and dental anxiety with disease value (DAwithDV) (Enkling et al., 2019). The diagnosis of DAwithDV is made by specialists and psychologists (Enkling et al., 2019). DAwithDV is defined as a pathological fear of a dental treatment situation that is accompanied by avoidance behavior and appears excessive in the face of factual dangers (Enkling et al., 2019). According to ICD-10, DAwithDV is referred to as dental treatment phobia and is assigned to a specific (isolated) phobia F40.2. In contrast, patients with DAnoDV are characterized by the fact that their anxiety is relieved by the exchange of information, education, and anesthesia (Enkling et al., 2019).

The assessment of a patient’s anxiety is usually based solely on the dentist’s experience. However, the available literature emphasizes that validated survey instruments should be used for this purpose, as is the case in psychology and other medical disciplines (Nebel et al., 1989). It has already been established in clinical studies that anxiety diagnostics seem to have a positive relevance (Kent, 1986; Humphris et al., 2006; Humphris and Hull, 2007). The patient’s anxiety was significantly lower when the dentist was aware of the anxiety (Dailey et al., 2002). An anxiety survey before dental treatment not only seems to have a positive effect on the doctor-patient relationship but also a positive influence on compliance and treatment success (Mercer and Reynolds, 2002; Neumann et al., 2009; Sangappa, 2012; Decety, 2020). Information collection can be done in a variety of ways. In addition to working with validated data collection instruments such as questionnaires, direct interviews with open or closed question format, as well as open narration of events.

In dental practice, the use of validated anxiety questionnaires has become established. Using the paper-pencil method, the available questionnaires are completed by the patients themselves. The most used anxiety questionnaires include the Dental Anxiety Scale (Corah, 1969), the Dental Fear Survey (Kleinknecht and Klepac, 1973), the Dental Cognitions Questionnaire (Milgrom et al., 1995), and the Hierarchical Anxiety Questionnaire (HAF) to generate information about anxiety-provoking stimuli (Jöhren, 1999).

However, although the benefits of anxiety questionnaires could be shown, information about the influence of these questionnaires is still largely unknown. Processing an anxiety questionnaire immediately before dental treatment is particularly challenging for anxious patients. The reason is that if a person is in an extraordinarily stressful or distressing situation like a dental treatment, the person is particularly susceptible to suggestion (Polczyk and Pasek, 2006). However, an individual level of suggestibility is common to all interviewing options (Kubinger and Jäger, 2003). Here, questioning by an interviewer can lead to the greatest measurable distortions of perception (Reutermann, 2006). The term suggestion describes a kind of influencing of humans, which always happens unconsciously (Kubinger and Jäger, 2003), and can be distinguished from conformity, compliance, lying, and error (Reutermann, 2006). Suggestions are evoked predominantly in connection with active communication and can lead to distortions of cognition. In this context, the adoption of suggestions is not modified by rational deliberation or reflex mechanisms and is adopted by the receiving person (Kubinger and Jäger, 2003). The detailed mechanisms of processing have not been conclusively researched. However, it can be stated that everyone is affected by suggestibility, only the degree of expression can be influenced by various individual factors. For example, anxiety leads to an increase in suggestibility (Dorsch et al., 1994). The field of suggestion research predominantly refers to direct questioning of individuals (Reutermann, 2006). Here, susceptibility to suggestion is viewed as a deficiency situation in which individuals draw on and internalize affective, cognitive, or structural aspects. Additionally, a lack of certainty or confidence plays a role (Kubinger and Jäger, 2003). Suggestions can be processed into specific information through indirect suggestions. This, in turn, induces stereotypes, and desired specifications, conclusions, and decisions can be suggested (Kubinger and Jäger, 2003). Thus, specific answers can also be suggested by specifically posed questions. Therefore, when evaluating a survey, it is no longer possible to determine whether the respondent’s answers are his or her own or were predetermined by specific questions (Köhnken, 1999). The manner of emotions, memory content, and exact circumstances recorded play a major role in the evaluation of responses. Ideally, any elicitation of memory content, emotion, and cognition should be done without disclosure, if possible. Accordingly, the questioning of subjects can be actively or passively guided. The more detailed the respondent is guided to an answer by the items asked, the greater the influence on the information collected. The subjects of many surveys are fear-inducing stimuli, e.g., in fear questionnaires. The latter can influence emotions by asking specific items and thus also influence the expression of the anxiety elicited in the questionnaire (Sporer and Bursch, 1997; Polczyk and Pasek, 2006; Hünefeldt et al., 2009; Nicolas et al., 2011).

Regarding the findings of suggestibility research - the suggestible character underlying all questionnaires and the increased susceptibility to suggestion in stressful or anxious situations - the current study aimed to find out whether asking respondents about personal coping strategies before dental treatment influences their anxiety. A commonly used questionnaire for dental treatment anxiety Hierarchical Anxiety Questionnaire (HAF) served as a control.

This investigation is based on the research hypothesis questioning if personal coping strategies have a fear-mitigating effect. Therefore, a double-blind, randomized controlled clinical trial was planned to investigate the influence of personal coping strategies questionnaires directly before dental emergency treatment.



2 Materials and methods


2.1 Study design and procedure

The present research project was planned as a prospective, randomized, controlled, clinical questionnaire study. After the positive ethical vote (No. 151/2020) by the ethics committee of the University of Witten/Herdecke, the patients of the dental emergency service of the University of Witten/Herdecke were acquired for participation. The study was registered retrospectively in the German Clinical Trials Register (DRKS-ID: DRKS00032450). The studies were carried out using an intervention group using the Coping with Anxiety Questionnaire (CAQ) and a control group using the Hierarchical Anxiety Questionnaire (HAF). The intervention group received the Coping with Anxiety Questionnaire (CAQ) (Schulz et al., 2010). This questionnaire has been used in the dental context (Lederer, 2010). The control group received the Hierarchical Anxiety Questionnaire (HAF) (Jöhren, 1999), an instrument for measuring anxiety in the dental context that has been validated several times in clinical studies in the German language (Coultman-Smith, 2008; Julian, 2011).

The order of study participation was randomized to the intervention or control groups according to the appearance of the patients at the dental clinics using a single sequence of random assignment. The participants chose an envelope without any indication. In the envelope, they found one version of CAQ (Schulz et al., 2010) or HAF (Jöhren, 1999) and twice the State–Trait Anxiety Inventory (STAI) (Lederer, 2010; Julian, 2011), whereby only the state version was used in the present study. The patients had to complete the three questionnaires before and after completion of the CAQ/HAF (order: STAI 1, CAQ/HAF, STAI 2) and before the dental emergency treatment. Another envelope without indication was given to both the patient and the dentist after the dental emergency treatment. This envelope contained a previously developed and validated questionnaire to assess anxiety and the questionnaires used. The questionnaires for the patient and the dentist after the dental emergency treatment were different. The data from these respective dental anxiety questionnaires will be published in a separate article. The dentists were informed using the cover story and blinded to the fact that the patients could only be called for treatment after completion of the questionnaire. The completed questionnaire and the respective results were given to the dental practitioner. Both the dentist and the patient were blinded to group assignment and were informed of the entire study (and cover story) at the end of the study because of possible bias, as multiple participation could not be ruled out at the time of the study. The detailed flowchart is shown in Figure 1 and the CONSORT 2010 flow diagram in Supplementary materials (Begg et al., 1996; Schulz et al., 2010).

[image: Figure 1]

FIGURE 1
 CONSORT 2010 flow diagram.




2.2 Cover story and informed consent

Psychological questionnaire studies regularly use cover stories to initially disguise the true background of a study. In this way, the response tendencies of the subjects to social desirability can be circumvented (Bizo and Sweeney, 2005; Coultman-Smith, 2008). Consent to participate could be withdrawn at any time without giving reasons. In the current study, both the patient and the dental practitioner were informed about the study using a cover story. However, the cover story did not correspond to the actual research project because of the potential bias. Patients and dentists were informed that the University of Witten/Herdecke collects subjective data as part of the quality management process to make patients’ stay at the dental clinic as pleasant as possible. After completion of the questionnaires, patients and dental practitioners were informed about the cover story and the true background of the study. Patients signed a written informed consent form before and after the cover story.



2.3 Study sample, setting, and statistical analysis

A total of 158 subjects from a convenience sample of the dental emergency service of the University of Witten/Herdecke were acquired for the study over a period from December 1, 2020, to February 28, 2021. A sample size calculation was performed before the start of the study using the web-based platform OpenEpi (Sullivan et al., 2009), assuming a 5% difference between the two groups (Dailey et al., 2002; Humphris et al., 2006; Humphris and Hull, 2007). The bilateral significance level was set at 95% with a power of 90%. The number of patients to be included per group was set at 64. The sample size was increased by 20% to safeguard the estimates against a possible number of patients not wishing to participate in the study or subsequently withdrawing their written informed consent after the completion of the study. The following inclusion criteria were: adults with a minimum age of 18 years; subjects of European origin to reduce response biases; and with good level of written and spoken German to avoid language-related bias. The exclusion criteria were serious medical illness, serious mental illness, depression, bipolar disorder, neurological/psychiatric illness up to 2 years ago; and taking medication affecting the central nervous system. Subjects were subsequently excluded if dental treatment was not possible due to other factors, such as referral for further treatment to oral and maxillofacial surgery.

All questionnaires were completed using the paper-pencil method. Subsequently, the collected data were transferred to Excel® (Microsoft Corporation, Redmond, Washington, USA) and then checked for any mistakes and transferred to the statistical software STATA 17® for analysis. The difference between the two groups was evaluated before the start of the trial using when appropriate the analysis of variance oneway, Pearson’s chi-square test, and the Fisher Exact test (Razali and Wah, 2011). To verify differences between the groups, an analysis of covariance (ANCOVA) was carried out using The State–Trait Anxiety Inventory, which was collected during the second questionnaire round (STAI 2), as the dependent variable and STAI 1 as the covariate. The homogeneity of variances was determined by Levene’s test. In the current study, only the change in state anxiety was evaluated among the groups. The probability of error was set at 0.05 so that a hypothesis could be accepted or rejected with a probability of at least 95% (p = 0.05).




3 Results

The demographic characteristics of the convenience sample are shown by subjects in the intervention group (CAQ) and the control group (HAF) in Table 1. No statistically significant differences were observed among the two groups (Table 1), even if a higher percentage of women is present in the control group (HAF), 56.10% versus 52.63% in the intervention group (CAQ), resulting in a homogeneous subject distribution within the groups.



TABLE 1 Distribution and intergroup comparison of demographic sample description.
[image: Table1]

The state anxiety difference measured at the first round was statistically significant between the two groups 50.18 in the CAQ and 46.28 in the HAF group (F = 1.61 p = 0.02), the same feature was also observed when STAI 2 was compared (F = 1.63 p = 0.02). The intra-group comparison between the two measurements was also statistically significant both for the CAQ and HAF groups (Table 2). Preliminary analysis underlines that STAI 2 was statistically significantly different among the two sexes (STAI 2; males: mean 47.12 and standard deviation (SD) 12.58, versus females: mean 50.78 and SD 11.74, F = 3.65, p < 0.05) (data not in tables). The ANCOVA model with STAI 2 as the dependent variable showed a statistically significant difference between the groups (p < 0.001) (Table 3).



TABLE 2 The State–Trait Anxiety Inventory was measured in the first round (STAI 1) and (STAI 2) after the second round of the questionnaire.
[image: Table2]



TABLE 3 Analysis of the covariance, STAI 2 was the dependent variable.
[image: Table3]



4 Discussion

The aim of the current study was whether asking patients about their personal coping strategies before dental treatment shows an anxiety-influencing effect. The results of the present study show a statistically relevant reduction in anxiety using the CAQ as well as an increase in anxiety by processing the HAF, a frequently used German anxiety questionnaire in the dental setting.

Asking patients about their fear of dental treatment is of enormous importance before a dental procedure (Sartory and Wannemüller, 2010) although a benefit of anxiety questioning has previously been shown to be positive for the doctor-patient relationship and for treatment success (Mercer and Reynolds, 2002; Neumann et al., 2009; Sangappa, 2012; Decety, 2020). The influence of such questioning should be further investigated and critically evaluated regarding the actual benefit. Especially after the unexpected results of this study which showed that confrontation with a questionnaire asking about anxiety-provoking stimuli before dental treatment can increase patient’s anxiety. While it stands to reason that this increase in anxiety may result from the suggestible nature of anxiety questionnaires, i.e., HAF, the observed and statistically significant effect should be viewed critically. Even if there is a statistically significance difference between the STAI and the magnitude of the F-value and the value of p are similar, it is important to note that in one group a decrease (CAQ) and the other group (HAF) an increase in the state anxiety could be observed. A visit to the dental emergency service with an acute condition is an exceptional situation in a patient’s life. Even regular visits to the dentist are often associated with anxiety (Sartory and Wannemüller, 2010; Halsband and Wolf, 2015). Emergency dental treatment is often associated with anxiety-inducing stimuli such as the sound of dental drills or injections with local anesthesia (Halsband and Wolf, 2015), whereby the most common cause of toothache worldwide is dental caries that may result in root canal treatment, abscess incision or even tooth extraction (Douglass and Douglass, 2003; GBD 2017 Oral Disorder Collaborators, 2020). Failure to treat dental infections can lead to life-threatening infections (Douglass and Douglass, 2003; GBD 2017 Oral Disorder Collaborators, 2020; Hammel and Fischel, 2019). Increased anxiety may lead to a lack of compliance or even refusal of dental treatment, i.e., the patient may only be able to be treated using sedation or even general anesthesia. Such treatments, which are performed by an anesthesiologist, can pose enormous health risks, or lead to complications and economic burdens for the patient in the case of existing illnesses or allergies. An improvement in the subjective experience of dental treatment is highly relevant to prevent avoidance behavior before treatment and the resulting lack or non-provision of dental care (Halsband and Wolf, 2015). Questionnaires that can influence anxiety are therefore very important before dental treatment.

The Dental Anxiety Scale by Corah (1969) is one of the most widely used dental anxiety questionnaires worldwide (Corah, 1969; Newton and Buck, 2000). Numerous modifications have been developed for questioning in the dental context to accommodate the tight time management in the dental office; the most popular modification is the Modified Dental Anxiety Scale (MDAS) (Humphris et al., 1995, 2006). The validity and range of use of the MDAS are diverse and have been frequently tested (Humphris et al., 2009). However, questionnaire studies on dental anxiety overall indicate no negative influence of the questionnaires used on individual anxiety (Kent, 1986; Humphris et al., 2006), but highlight the positive benefits as a confidence-building measure between the patient and the dentist. Previous studies methodologically disregard the suggestibility of the questionnaire. In the present study, the STAI-S served as a measurement tool of anxiety before and after the completion of the anxiety or coping questionnaires. Such use of the measurement instruments has not occurred in previous studies, including placebo-controlled studies (Humphris et al., 2006; Humphris and Hull, 2007). In German-speaking countries, in addition to the DAS, the HAF is particularly widespread in the anamnesis of anxiety (Weifenbach et al., 2019). For this questionnaire, however, no comparable studies are yet available, as the working group around Humphris has done for the MDAS (Dailey et al., 2002; Oostering et al., 2008; Enkling et al., 2019). However, the difference between the DAS, MDAS, and HAF is crucial in terms of possible influence. Compared to Humphris’ studies (Dailey et al., 2002; Oostering et al., 2008; Enkling et al., 2019), the increase in anxiety, besides the study design, can be explained by the greater number of anxiety-inducing stimuli queried. In the present study, six additional stimuli were elicited (11 in total). The latter included the “typical smell of the treatment room,” “the position on the dental chair,” “looking at radiographs,” “the possible treatment of caries,” “the possible removal of a tooth,” and “picking up a scalpel” (Jöhren, 1999). The familiar anxiety-provoking stimuli, such as the naming of the instruments and especially the clear reference to the syringe with the words “the dentist changes the position of the chair and prepares a syringe” (Oostering et al., 2008), are explicitly recalled before the treatment. Further items deal with the drill: “Imagine you hear the typical sound of the drill - how do you feel?.” In addition, the topic of wisdom tooth extraction is also addressed: “A wisdom tooth is to be removed from you, the injection has already been placed. The dentist picks up the scalpel.” Since a visit to the dentist is often fraught with anxiety (Hoefert and Jöhren, 2010; Sartory and Wannemüller, 2010), and based on the underlying literature, it can be assumed that anxiety can increase the suggestibility of individuals (Ridley and Clifford, 2004). The question that arises is whether questioning using the HAF by suggestion leads to an increase in anxiety levels. The basic prerequisite for successful suggestion in this context is the unconscious processing of the stimuli (Kubinger and Jäger, 2003), which occurs here using the HAF. Moreover, suggestions can only take place in the context of an interaction. In this case, the completion of the questionnaire takes over the interaction. Here, the type of interaction even plays a subordinate role (Gudjonsson and Clarke, 1986). As already demonstrated (Kubinger and Jäger, 2003), the suggestions within questionnaires can also influence the statements and feelings of the subjects in the present study.

To the best of the authors’ knowledge, this is the first study to examine the interrogation of coping strategies in the dental context. Watts created the “Coping with Anxiety” questionnaire in 1989 (Watts, 1989) and argued that, while directing attention to fear signals is an important step for processing, it aggravates the fear, or panic attack itself (Watts, 1989). After the questionnaire was modified several times, König’s German-language version was used (König and Hiebler, 2008). The reference by Watts himself that directing attention to fear signals is an important step for processing underpins the recommendation of a current guideline on dental anxiety (Enkling et al., 2019). The use of appropriate questionnaires such as the DAS, MDAS, or HAF is appropriate for the psychotherapeutic context. However, the results of this study indicate that the use of an anxiety questionnaire in dental practice can also be detrimental.


4.1 Limitations of the study

To verify the results collected in this study, they should be investigated or replicated in different study designs to confirm or refute the present results. Future studies should consider the purpose for which patients complete a questionnaire before treatment. However, several limitations should be considered. If dental treatment is imminent, the goal should be to guide the patient through the treatment as empathetically and safely as possible. In the best case, the patient then even experiences self-efficacy and can learn to get through dental treatment. Anxiety questionnaires could, if necessary, only be useful at an initial examination and consultation appointment and not immediately before emergency treatment. In particular, the duplicate survey of the STAI was met with incomprehension by many patients. Repeated testimony on identical items was problematic for some patients. Therefore, it should be considered whether the time interval between the collection of the STAI should be extended in the future. The higher percentage of women in the control group might have biased the results even if the two groups were not statistically significantly different regarding age and sex. To account for the natural fluctuation of anxiety in a dental emergency and to better distinguish the effects of completing the respective questionnaire, the use of an additional control group with a neutral subject in a future study could be beneficial in addition to the two frequently used questionnaires CAQ and HAF. Another limitation is the relatively small sample size, which is small compared to previous studies of similar questions.




5 Conclusion

Within the limitations of this study, it can be concluded that in emergency dental treatment a diagnostic tool of a standardized questionnaire for the assessment to assess personal coping strategies (Coping with Anxiety Questionnaire, CAQ) decreased state anxiety in comparison to a questionnaire assessing anxiety (Hierarchical Anxiety Questionnaire, HAF) that increased state anxiety in patients. Further prospective, longitudinal, multicenter studies with larger sample sizes should be conducted to verify the observed effects.
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Introduction: Hypnosis research indicates that subjects are not equally hypnotizable. Most studies on hypnotizability focused on the relationships with personality or cognitive variables. At the same time, only a few proposed the contribution of the attachment style, defined as the result of the childhood relationship with the caregivers and influencing the adult relations.

Methods: In the present investigation, two studies were carried out to test the possible association between adult attachment and hypnotic responsivity. The adult attachment was assessed using the Experiences in Close Relationships-Revised (ECR-R) questionnaire, while hypnosis was assessed through the Harvard Group Scale of Hypnotic Susceptibility (HGSHS:A; Study 1) and the Phenomenology of Consciousness Inventory: Hypnotic Assessment Procedure (PCI-HAP; Study 2) in order to adopt a behavioral and a phenomenological approach, respectively.

Results: Analyses showed that attachment factors (anxiety and avoidance) were not associated with the level of hypnotizability, whereas it was associated with variations of consciousness during hypnosis, mainly internal dialogue, absorption and negative emotions. Overall, the insecure attachment styles yielded increased mind wandering and restlessness during hypnosis when compared to the secure style. The reason probably lies in the feeling of anxiety or danger of insecurely attached individuals when involved in intimate or confidential relationships.

Conclusion: These findings clarify a still poorly investigated aspect concerning the influence of attachment style on hypnotic experience and further highlight the need to consider inter-individual differences and the phenomenological perspective when assessing hypnosis and hypnotizability.
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1 Introduction

Hypnotizability refers to “An individual’s ability to experience suggested alterations in physiology, sensations, emotions, thoughts, or behavior during hypnosis” (Elkins et al., 2015). In experimental hypnosis, it is fundamental to quantify hypnotizability that however is often measured in terms of behavioral response to suggestions. This approach mainly detects the construct of suggestibility which does not necessarily reflect the hypnosis experience (Jensen et al., 2017) making still complex a shared definition of hypnotizability (Perri, 2022). For decades, behavioral methods have been successfully used to assess hypnotic responsiveness, however, a growing interest in subjective measures has been developing in recent years (Forbes and Pekala, 1993; Lush et al., 2018; Facco, 2022; Kekecs et al., 2022; Perri, 2022). On the contrary, the main risk of a purely behavioral investigation could be to neglect the phenomenological variations of consciousness featuring the hypnosis experience (Pekala et al., 2010a). The studies concerning non-ordinary states of consciousness rely on the reflexive capacity of the subjects and its modulation and cannot therefore disregard the use of first-person methods to investigate the experiential process (Timmermann et al., 2023).

Most of the studies on hypnotizability focused mainly on its relationship with personality (Barber, 1964; Zhang et al., 2017) cognitive (Raz, 2005; Hiltunen, 2022) or neurophysiological factors (for a review see Landry et al., 2017). A few studies have also investigated the contribution of the adult attachment on hypnotizability (Peter et al., 2011, 2014), with the anxious attachment influencing the relationship between hypnotizability and dissociation (Wieder and Terhune, 2019).

Attachment was defined by Bowlby as the relational model resulting from early relational experiences with caregivers (Bowlby, 1988) and influencing the internal operating models, i.e., the set of schema mediating interpretation of events and influencing how individuals deal with intimate relationships. Attachment is typically classified into four styles: secure attachment, avoidant, anxious, and preoccupied (the last three classified as insecure attachment styles) (Bartholomew and Horowitz, 1991). These styles reflect various shades of intimacy avoidance and needs for acceptance from others to maintain positive self-esteem. For example, individuals with a preoccupied attachment style may seek closeness with others to satisfy their need for dependence, while those with an anxious style may avoid involvement for fear of disappointment. Because of the key role of expectation and relationships in hypnosis (see Kirsch, 2000) it is possible to hypothesize a contribution of the attachment style on the ability to experience hypnosis and, to a larger extent, on hypnotizability. In other words, the influence the early parent–child relational patterns may have on the hypnotized-hypnotist relationship could be relevant to the perceived hypnotic experience (Varga, 2021). In fact, securely attached individuals are more likely to report pleasant feelings in therapy (Obegi and Berant, 2010) as they learned the functional value and safety of relationships (Wallin, 2007); also, they share with the high hypnotizables the greater ability to explore their inner world (Facco et al., 2017). On the contrary, individuals who experienced repeated failures in the caregiving process may be more prone to avoid relationships, feeling uncomfortable in intimate or confidential relationships, and experiencing danger when the thoughts and expectations of others go unrecognized.

Moreover, it is known that the amount of oxytocin modulates different prosocial behaviors (Hollander et al., 2003), such as support to the partner (Grewen et al., 2005) and trust in others (Damasio, 2005). Due to this evidence, an indirect support for the contribution of attachment in hypnosis comes from the key role of oxytocin, which is involved in attachment processes (Galbally et al., 2011; Bosch and Young, 2018; Erkoreka et al., 2022), as well as in hypnotic interaction (Varga and Kekecs, 2014) and susceptibility (Bryant et al., 2012; Bryant and Hung, 2013). However, findings in this field were not always consistent as oxytocin also presented detrimental effects on hypnosis (Declerck et al., 2010; Parris et al., 2014). Moreover, the direct influence of oxytocin in hypnosis cannot be clearly supported since the key-role of the hypnotist-hypnotized relationship and the contribution of other neuromediators need to be considered as well (Zelinka et al., 2014).

The association between attachment and hypnotizability was directly tested by Peter et al. (2011) who, contrary to expectations, observed higher hypnotic susceptibility among insecurely attached individuals. The results however were not replicated by Staudacher et al. (2012) who did not find any association between hypnotizability and attachment styles. Both studies correlated the hypnotizability score provided by the Harvard Group Scale of Hypnotic Susceptibility (HGSHS:A; Shor and Orne, 1963) with the four attachment measures derived from the Relationship Style Questionnaire (RSQ; Griffin and Bartholomew, 2012) It is important to underscore that both studies considered behavioral measures of assessment, while the most recent trends in literature seem to indicate the importance of including phenomenological investigations for understanding hypnosis (Jensen et al., 2017).

Because of the poor literature focusing on this topic, it seems crucial to clarify the role of attachment style in hypnosis as it may help clarify differences in hypnotic abilities, especially when subjectively assessed. To this aim, we carried out two experiments in which hypnosis was assessed through different instruments adopting both behavioral and phenomenological approaches. Findings from these investigations could contribute to understanding interpersonal differences in the ability to grasp hypnosis with relevant implications for both experimental and clinical hypnosis.



2 Study 1


2.1 Introduction

The present study aimed to investigate the relationship between adult attachment style and hypnotizability, attempting to partially replicate the investigation by Peter et al. (2011). For this purpose, hypnotic susceptibility was quantified through the same assessment procedure used by Peter et al. (2011), i.e., the Harvard Group Scale (see below), in a group of subjects whose attachment style was measured through a questionnaire that considered two main relational factors: anxiety and avoidance. Considering only behavioral scores of hypnotizability, Peter et al. (2011) observed higher responsiveness to hypnosis among insecurely attached subjects. However, results were not confirmed by Staudacher et al. (2012) and, as also proposed by Varga (2021), we hypothesize an opposite relationship, that is the more secure subjects might demonstrate a greater responsivity to hypnotic suggestions than the insecure ones. This possible association is based on the hypothesis that the secure subjects, who are more likely to feel trust and positive emotions in relationships (Bartholomew and Horowitz, 1991), might also be more easily absorbed by a one-to-one hypnotic experience.



2.2 Materials and methods


2.2.1 Participants and procedure

Twenty-six hypnosis naïve healthy volunteers participated in this study (14 females, mean age = 24.5 ± 1.2). They were recruited from the student population at the Niccolò Cusano University. The study protocol was approved by the ethical committee of the IRCCS Santa Lucia Foundation (Prot.CE/2024_029) and was in accordance with the ethical standards of the 1964 Declaration of Helsinki. All participants were informed about the procedure and signed the informed consent. The subjects were invited into group hypnosis sessions and were informed that they would be administered a standard hypnotic induction procedure by the experimenter (live administration), who answered all participants’ questions before the HGSHS:A. Then, participants were invited to a second individual session (from 3 to 7 days after the first one) where the attachment style was assessed through a self-report questionnaire (see below). All participants were invited to not share their hypnosis experience with other students.



2.2.2 Harvard Group Scale of Hypnotic Susceptibility:A

The HGSHS:A (Shor and Orne, 1963) consists of a standard hypnotic procedure assessing hypnotizability in terms of “objective” (i.e., behavioral) scoring. The HGSHS:A includes twelve pass/fail items (suggestions) with increasing difficulty (head dropping, eye closing, hand lowering arm immobilization, blocking of fingers, arm rigidity, moving hands, communication inhibition, hallucination, ocular catalepsy, post-hypnotic suggestion and amnesia). Based on their scores, subjects are usually assigned to one of three levels of hypnotic suggestibility, low (0–4), medium (5–8) and high (9–12). It has been validated for the Italian population (De Pascalis et al., 2000) for which a subjective scoring of susceptibility was provided as well: it consists in asking the subjects to evaluate the experience of hypnotic suggestions [e.g., “with regard to the two suggestions (lowering of the left hand and movement of the hands towards each other), did you have in each of these experiences the subjective conviction that the effect occurred entirely on its own? did you never in any way have the feeling that you were facilitating it?”].



2.2.3 The Experiences in Close Relationship-Revised Questionnaire

The Experiences in Close Relationship-Revised (ECR-R) Questionnaire is a self-report instrument for the assessment of adult attachment (Fraley and Shaver, 2000) It consists of 18 items on a seven-point Likert scale assessing relational factors with romantic partners: Avoidance and Anxiety. The combination of the factors, returns four attachment styles: secure, avoidant, anxious and preoccupied. The Italian version of the questionnaire was validated by Picardi et al. (2000).



2.2.4 Statistical analysis

Statistical analyses were carried out through Bayesian methods (JASP 0.18.1 software), gaining prominence in the fields of social and behavioral sciences (van de Schoot et al., 2014). One advantage of Bayesian statistic is its capacity to quantify endorsement for study hypotheses, rather than delivering a binary decision on rejecting the null hypothesis. Moreover, the utilization of Bayesian analyses sought to tackle issues linked to a restricted sample size: in fact, they prevent the risks associated with type I or type II errors with multiple comparisons (Hoijtink et al., 2019). Bayesian analyses yield Bayes factors (BF), gauging the extent to which the data favor one hypothesis over another.

Analysis results were interpreted according to Lee and Wagenmakers (2014) and Dienes (2016) whereby evidence for H1 are null (BF = 1), moderate (BF 3 < 10), strong (BF 10 < 30) or very strong (BF 30 < 100).

Correlational Bayesian analyses (Pearson’s r) were performed between the two ECR-R dimensions (anxiety and avoidance) and the two hypnotizability indices (objective and subjective) returned by the HGSHS:A. The overall α level was fixed at 0.05.




2.3 Results

Bayesian analysis showed no significant correlations between the ECR-R and the HGSHS:A data (two-sided alternative hypothesis). In particular, anxiety was not associated neither with objective (r = −0.39, BF10 = 1.21) nor with subjective (r = −0.34, BF10 = 0.84) hypnotizability. At the same time, avoidance was not associated neither with objective (r = 0.21, BF10 = 0.40) nor with subjective (r = 0.03, BF10 = 0.27) hypnotizability.



2.4 Discussion

The present study revealed no associations between the behavioral measures of hypnotizability and the patterns of adult attachment, corroborating the Staudacher et al. (2012) results. On the contrary, present findings do not support the observations by Peter et al. (2011) whose contrasting results could be accounted by the different sample sizes, order of test administration or the measurements of attachment: whereas Peter et al. (2011) used the Relationship Scale Questionnaire (RSQ; Griffin and Bartholomew, 2012), we adopted the ECR-R. Also, unlike Peter et al. (2011), we provided live hypnosis: however, administration procedures are unlikely to explain the results as several investigations have demonstrated no differences in hypnotizability between recorded and live hypnosis (see Lush et al., 2021) which on the contrary could have a greater impact in clinical settings.

According to different studies that highlight the limits of an exclusively behavioral assessment of hypnotic susceptibility (Facco, 2022; Perri, 2022; Timmermann et al., 2023), it may be necessary to deepen the hypnotizability through a phenomenological assessment: in such a way, it would be possible to clarify whether attachment style can affect specific dimensions of the interior experience of hypnosis. The hypothesis is in fact that attachment style does not affect hypnotizability (here referred to in its traditional meaning, that is the behavioral responsivity to suggestions), but rather the feeling of hypnosis. Bayesian correlations did not provide evidence in favor of the null or alternative hypothesis, therefore, future studies recruiting larger sample sizes are needed to deepen the possible role of attachment in the different factors of hypnotizability (Woody et al., 2005) as well as in the different subtypes of highly suggestible individuals (Terhune et al., 2011).




3 Study 2


3.1 Introduction

Growing literature suggests the importance of including subjective measures when assessing hypnotizability (Lush et al., 2018; Facco, 2022; Kekecs et al., 2022; Perri, 2022; Perri and Di Filippo, 2023a,b). In fact, while behavioral methods have historically been the most used, there is now recognition that phenomenological investigations also play a key role in understanding hypnotizability as a multifactorial construct. On the contrary, neglecting the phenomenological variations of consciousness could limit our understanding of the unique experience individuals have during hypnosis (Pekala et al., 2010a). Consequently, in the second study we aimed to deepen the possible relationship between attachment and hypnosis by adopting a retrospective phenomenological assessment (RPA) which quantifies various dimensions of subjective experience during hypnosis. We expect to observe variations in specific dimensions of consciousness as an effect of different relational patterns in intimate relationships.



3.2 Materials and methods


3.2.1 Participants

Sixty-eight hypnosis naïve healthy volunteers participated in this study (N = 52 females, mean age = 28.4 ± 11.3). They were recruited from the student population at the Niccolò Cusano University. The study protocol was approved by the ethical committee of the IRCCS Santa Lucia Foundation (Prot.CE/2024_029) and was in accordance with the ethical standards of the 1964 Declaration of Helsinki. All participants were informed about the procedure and signed the informed consent. All participants were administered the Phenomenological Consciousness Inventory – Hypnotic Assessment Procedure (PCI-HAP; Pekala et al., 2010a,b) and the ECR-R Questionnaire (see study 1 for details).



3.2.2 Phenomenological hypnotic assessment: the PCI-HAP

The live administration of the PCI-HAP included the Pre-Assessment, the hypnotic procedure, a post-assessment phase, and the PCI. The PCI is a questionnaire consisting of 53 items relating to the phenomenological experience felt during hypnosis (Forbes and Pekala, 1993; Pekala and Kumar, 2000; Pekala et al., 2006, 2010a,b). Each item consists of two dipole items separated by a 7-point Likert scale. The questionnaire is completed retrospectively after hypnotic deinduction.

The PCI-HAP returns different measures such as the self-reported hypnotic depth (srHD) and hypnoidal state score (HSS), the latter of which correlates approximately 0.60 (Forbes and Pekala, 1993) with scores on the Harvard Group Scale of Hypnotic Susceptibility (Shor et al., 1962). The PCI-HAP also explores the phenomenological experience of the hypnotized subject across 14 minor (Joy, Sexual Excitement, Love, Anger, Sadness, Fear, Body image, Time sense, Perception Meaning, Imagery amount, Imagery vividness, Direction of attention, and Absorption) and 12 major dimensions of consciousness (Self-awareness, Altered state, Internal dialogue, Rationality, Volitional control, Memory, Arousal, Positive affect, Negative affect, Altered experience, Imagery, Attention).



3.2.3 Statistical analysis

Statistical analyses were carried out through Bayesian methods (JASP 0.18.1 software; see Study 1 for details): correlational Bayesian analyses (Pearson’s r) were performed between the two dimensions of ECR-R (anxiety and avoidance) and the main measures of the PCI-HAP, as well as with the PCI sub-dimensions.

Additionally, according to Italian normative data of the ECR-R (Picardi et al., 2000), participants were categorized into two samples based on their attachment style: secure (66% of the sample) and insecure (34%), which included avoidant, fearful-avoidant, and preoccupied styles. Therefore, a Bayesian Independent Sample t-test was performed between the two groups (secure vs. insecure) for the PCI sub-dimensions. The overall α level was fixed at 0.05. According to Lee and Wagenmakers (2014) and Dienes (2016) whereby evidence for H1 are null (BF = 1), moderate (BF 3 < 10), strong (BF 10 < 30) or very strong (BF 30 < 100).




3.3 Results

The Bayesian correlation showed no significance between the ECR-R dimensions (anxiety and avoidance) and the sr-HDS and HSS score. As for the PCI sub-dimensions, a strong positive correlation emerged between the ECR-R anxiety and the internal dialogue (r = 0.35, BF10 = 19): the data were 19 times more likely under the alternative than the null hypothesis: anxious subjects revealed higher levels of internal dialogue. Also, a moderate positive correlation emerged between the avoidance factor of the ECR-R with anger (r = 0.31, BF10 = 7.5), sadness (r = 0.32, BF10 = 8.8) and negative affect (r = 0.31, BF10 = 7.1): anxious subjects revealed higher level of anger, sadness and negative affect. Finally, a moderate negative correlation emerged with absorption (r = −0.26, BF10 = 3): more avoidant subjects experience lower absorption. See Table 1 for a summary of the Bayesian correlational analysis.



TABLE 1 The Bayesian correlations (Pearson’s r) between the ECR-R factors (avoidance and anxiety) and the sub-dimensions of the PCI.
[image: Table1]

The Bayesian independent t-test showed a significant difference for the PCI subdimension of internal dialogue. A two-sided analysis between the secure and insecure revealed a Bayes factor (BF10) showing that the data were 11.06 times more likely under the alternative than the null hypothesis: insecure subjects revealed higher levels of internal dialogue. Figure 1 shows the major and minor PCI dimensions for the two groups.

[image: Figure 1]

FIGURE 1
 Radar of the minor (left) and major (right) dimensions of consciousness as identified by the PCI. The scores for the secure and insecure attachment groups are shown.




3.4 Discussion

In line with our hypothesis, the study revealed an association between attachment patterns and certain variations of consciousness during hypnosis. In fact, the greater the anxiety pattern of attachment the greater the internal dialogue during hypnosis. Furthermore, the avoidance pattern of attachment affected the interior experience of hypnosis, especially in terms of greater sadness, anger, negative affect and conversely, reduced absorption. The latter is defined as “an extreme involvement with one object, idea, or pursuit, with inattention to other aspects of the environment” (VandenBos, 2007) and is typically identified as a feature of the hypnotic experience (Facco et al., 2017). Presumably, repeated failures in the intimate relationships negatively affected the individuals’ ability to be focused on hypnosis due to their difficulty placing trust in others. The group comparisons (secure-vs. insecure-attached) confirms the tendency of insecure subjects to experience more internal dialogue during hypnosis: in other words, insecure attachment could impair the ability to turn attention away from the surroundings because of the need to be in control, or the tendency to maintain a low emotional intensity to disengage from involving relations. In fact, internal dialogue is intended as the self-talk of participants during hypnosis. A high internal dialogue can be a critical aspect of hypnosis as the subject may find it difficult to focus on the therapist voice due to his/her thoughts.




4 General discussion

Hypnosis is a complex field and people’s responses depend on many factors, including personality (Gibson and Corcoran, 1975), beliefs (Phillips et al., 2022) empathy (Barrett, 2016) and more. The attachment style-hypnosis relationship has been proposed as well (Varga, 2021), although this connection has received very little attention in experimental hypnosis. The aim of the present research was to test whether adult attachment styles could influence how an individual responds to hypnotic procedures.

‘Although particularly evident in early childhood, attachment behavior characterizes human beings from cradle to grave’ (Bowlby, 1991): this sentence reflects the role of attachment in influencing how individuals interpret their life experiences. For this reason, we decided to investigate the hypnosis-attachment relationship by considering both “objective” and subjective measurements. To the best of our knowledge, only three studies tested the role of attachment on hypnotizability: all investigations adopted behavioral measures to quantify the hypnotic susceptibility (Peter et al., 2011, 2014; Staudacher et al., 2012) obtaining mixed results on the role of insecure attachment. On the other hand, Varga (2021) hypothesized that the more secure subjects might show greater responsiveness to hypnotic than insecure ones.

In Study 1, in contrast to Peter et al. (2011), we found no significant association between attachment styles and the objective measure of hypnotic susceptibility as returned by the HGSHS:A (Shor and Orne, 1963). This result may be explained by the sample size, but also by the different adult attachment tests. To directly explore the variations of consciousness, a phenomenological measurement of hypnosis was included in Study 2 (i.e., the PCI-HAP) that indicated the insecure attached individuals as experiencing more internal dialogue during hypnosis when compared to secure ones. In other words, subjects who experience discomfort in intimate relationships were less absorbed into the hypnosis experience, also reporting a greater intensity of negative emotions.

Overall, the role of attachment in hypnosis suggests that early parent–child relational patterns play a significant role in shaping an individual’s ability to engage in any kind of intimate relationship, not necessarily affective or sexual. In fact, secure attachment and the development of self-regulation skills were associated with higher absorption during hypnosis, while insecure attachment may contribute to impair the attentional and emotional features of the hypnotic experience.

In summary, the present studies indicate that attachment styles could influence a person’s feeling of hypnosis, and that considering only external behaviors of hypnosis may not fully capture the richness of inner sensations. As a further confirmation, when considering the external signs of hypnotizability (i.e., the objective score of the Harvard test), no relationships emerged with any of the attachment factors (see Results of Study 1). These findings further highlight the need for considering the inter-individual differences as well as the phenomenological perspective when assessing hypnosis and hypnotizability. As for the clinical implications, these studies suggest the hypnotherapist should consider different approaches for attachment styles: while the secure attached appears to be excellent candidates for hypnosis interventions, the insecure ones might need more reassurance and a good therapeutic relationship before engaging in hypnotic procedures. Also, suggestions for calm, absorption, and reduction of self-talk could be provided to prevent the hypnotic patterns of the insecure attached.
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Heart surgery patients are at high risk for psychological trauma and comorbid psychological disorders. Depression, anxiety, and post-traumatic stress disorders in this patient group are predictors of outcomes after cardiac surgery. Medical hypnosis is effective for non-pharmacologic prevention and treatment of psychological disorders and has been associated with improved health-related quality of life and better cardiovascular outcomes. This contribution makes note of evidence of the effectiveness of medical hypnosis in a discussion of the clinical experience with specific hypnotherapeutic tools and interventions from the perspective of the mental health team in one large cardiac center in Germany. Based on our experience, we encourage heart centers to educate their heart surgery care teams about the core concepts of medical hypnosis and to make hypnotherapeutic techniques available as an adjunctive therapy.
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1 Introduction: medical hypnosis in heart surgery

This report explains why and how medical hypnosis has been used for treating perioperative burdens in heart surgery patients in one large heart center in Germany. It begins with a short review of psychiatric care needs in the perioperative setting for heart surgery patients, including current relevant guidelines for practitioners, then continues with an introduction to medical hypnosis and the evidence of its beneficial effects. It briefly introduces specific hypnotherapeutic techniques and their use in the heart surgery context. We close with our assessment of the contribution of medical hypnosis to mental health care for heart surgery patients and our recommendations.

Patients preparing for cardiovascular surgical interventions anticipate and sometimes experience their surgery as an extraordinary, life-threatening event over which they have no control. “No other organ evokes such strong emotions as the heart,” and this can lead to exceptional emotional and psychological burdens on heart surgery patients (Meffert, 2000, p. 280). Moreover, depression, anxiety, and post-traumatic stress disorders—all predictors of outcomes after cardiac surgery—are common in heart disease patients (Feuchtinger et al., 2014; Albus et al., 2019; Piepoli et al., 2020). Given these risks, psychological assessment and the provision of in-hospital psychological interventions as needed are recommended by international professional guidelines for various heart surgery patient groups (Dew et al., 2018; Chih et al., 2020; Kirklin et al., 2020). The German Cardiology Society calls also for including mental health professionals in heart failure units (Ertl et al., 2016).

Medical hypnosis started being used more commonly in hospital psychiatry in the 1970s. It encompasses many techniques that can be adapted to individual needs and hospital situations as an adjunctive treatment of somatic, psychological, and psychosomatic disorders (Häuser et al., 2016; Ginandes, 2017). Virtually all techniques use suggestions to positively influence emotions, cognitions, body sensations (pain, compression, etc.), and behaviors with or without inducing a trance state for strengthening their effects. Goals of medical hypnosis include relaxation, improving sleep, establishing feelings of security, heightening self-care capacity, pain management, accepting positive expectations about recovery, supporting post-operative mobilization, life-goal reorientation, adjusting body image after transplantation or mechanical circulatory support (MCS) implantation, and protecting against inadvertent negative suggestions. Many interventions can be standardized in the form of “scripts”; some examples are provided in the clinical discussion below.

Therapeutic suggestions are instructions from the therapist to the patient made in such a way as to circumvent an individual’s normal tendency to resist outside influences. Also common are indirect suggestions in the form of stories and metaphors to help patients unconsciously question and change dysfunctional expectations, ideas, and attitudes. Autosuggestions are suggestions that patients, after instruction, can repeat to themselves, aiding in relaxation and coping with long-term high-stress situations, anxiety, and pain.

The effect of suggestions can be strengthened if transmitted when the patient is in a trance state under which associative thinking, unwilled images, and memories are allowed to displace rational thinking. In this state, patients can still activate or relax their bodies as they wish, often in ways they could not consciously do, a phenomenon that can be exploited to help the patient via ideomotor signaling (see below). Importantly, patients in extreme medical situations often fall spontaneously into a “natural trance” (Hansen and Zech, 2019), making them susceptible to inadvertent negative suggestions from the hospital environment. Interventions can help patients guard against this.

In Table 1, we identify six random-controlled trials that yielded evidence of the effectiveness of medical hypnosis interventions specifically for adult cardiac surgery patients (Hart, 1980; Greenleaf et al., 1992; Ashton et al., 1997; Akgul et al., 2016; Scaglione et al., 2019; Garcia et al., 2020). These studies varied in sample size from 32 to 140 participants. Interventions were all conducted in-hospital. Beneficial associations for intervention groups were documented with anxiety, depression, procedural duration, perceived pain, medication consumption, duration of ventilator assistance, and recovery time. In addition, Weinstein and Au (1991) report in their controlled study of 32 patients undergoing angioplasty that the surgeon was able to keep the balloon inflated for the intervention group, which had received hypnosis, for a longer time and that the intervention group required less analgesic medication during the procedure; but they reported descriptive statistics only with no measure of statistical significance. Note that the studies in Table 1 also find no effect for some investigated outcomes. Two additional studies report finding no differences between intervention and control groups at all (Blankfield et al., 1995; Rousseaux et al., 2022). Several meta-analyses find statistically significant beneficial effects of a broader range of hypnosis interventions in patient groups undergoing also other kinds of surgery (Montgomery et al., 2002; Schnur et al., 2008; Ziehm et al., 2017). Barbero et al. (2018) describe five case studies.



TABLE 1 Randomized control trials (RCTs) of medical hypnosis interventions for the peri-operative care of cardiac surgery patients.
[image: Table1]

Weaknesses in the current state of the art include lack of participant blinding and the use of treatment as usual as control, both of which might introduce bias favoring interventions, and additionally a lack of data reporting that would enable calculation of treatment effects. An additional weakness is the lack of a clear empirical basis to differentiate the underlying causal effects of some general techniques such as imagination or seeding (see below). Are they best understood as a form of medical hypnosis specifically, as a trigger of unconscious placebo effects generally, or as a means to encourage beneficial rational-cognitive means of self-control?



2 Clinical experience

Our clinical experience using medical hypnosis for psychotherapeutic care arises from our work in one of Germany’s largest cardiac centers. The center performs about 4,000 major heart surgeries annually. Medical hypnosis has been available to patients since 2009. On staff are six psychologists who have completed a 2-year training program in hypnotherapy. Team sessions occur twice daily in addition to weekly sessions for intervention planning. A trained hypnotherapy instructor provides supervision sessions every 6 weeks.

About 75% of heart transplantation and MCS device patients and about 20% of other surgery patients receive medical hypnosis at some point during treatment at our center. Hypnotherapy is used to mitigate anxiety, pain, agitation, sleeplessness, specifically directed distress, and high general stress load. Sessions last between 30 and 60 min. The number of sessions per patient varies from 3 to 30, depending mostly on the duration of their hospital stay.

Goals of treatment are a heightened sense of well-being, lowered anxiety, lowered blood pressure, pulse stabilization, reduced muscle tension, and lowered use of analgesics, anxiolytics, benzodiazepines, and tranquilizers. Based on informal patient feedback we believe, not based on evidence, that the general level of satisfaction with hypnotherapy interventions is high. We believe that dissatisfaction is highest when patients are asked to conduct self-hypnosis; patients generally prefer to be guided by a therapist, but transferring self-hypnosis skills is a central therapy goal. In our clinical experience, dissatisfaction occurs also when therapy sessions are disturbed by outside noises or interruptions.

We do not conduct hypnotherapy if patients are taking psychoactive medications, during acute psychosis or postoperative delirium, and whenever communicating goals and instructions to the patient is not possible (e.g., language barriers). We instruct our therapists to be aware of the risk of unintentionally uncovering a repressed traumatic experience during trance, a very rare event in this patient population in our center.



3 Psychosocial care needs of heart surgery patients and interventions

Heart surgery patients’ predominant stressors and their common presentations of distress during the surgery process vary across three phases of hospital care: initial assessment and admission, shortly before and during the operation, and immediately after surgery (Tigges-Limmer et al., 2019; Salzmann et al., 2020). Typical sources of mental distress and common support tasks for medical hypnosis are summarized for each phase in Table 2, and these tasks dictate which hypnotherapeutic interventions are most common in each stage. The general hypnotherapeutic techniques we use are summarized below (cf. also Erickson et al., 1976; Lynn et al., 2010).



TABLE 2 Predominant mental health challenges for heart surgery patients and support tasks for mental health professionals using medical hypnosis.
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Seeding is the sending out of positive messages to the patient’s unconscious, often without a trance, with the possibility that these messages will “take root” and influence the patients’ own thoughts. This can be done, for example, during the therapist’s first interaction with the patient: “Hello, my name is […] and I am here for your well-being. I hope very much to help you feel safe and well in my presence…” Even this simple intervention is useful for establishing a trusting therapeutic relationship.

Pacing and leading are general techniques by which the therapist establishes a trusting rapport with the patient and methodically “talks” them to a mental place for therapeutic interaction. For patients experiencing acute anxiety, for example, the therapist focuses the patient’s attention by verbalizing the causes of anxiety and then acknowledging and affirming subjective feelings of fear and the need for help. Pacing is used also to slow breathing and racing thoughts, steering patients into feelings of greater security, well-being, and peace. An example of pacing might be: “I can see how nervous you are, and the situation really is nerve wracking. When we are nervous, we all breathe more shallowly than usual.” For leading: “Just take a deep breath in, and then breathe out deeply. As you breathe out, all the stress can be breathed out too. Calmly inhale fresh air and slowly exhale the used air out.”

Imagination is a technique to help patients develop their ability to use all their senses to vividly imagine mental pictures, emotions, future states, or other behaviors, for example with the “safe space” intervention by which the patient is invited to imagine a very specific space where they feel safe, calm, and relaxed. This space can be a favorite vacation spot, a beautiful place in nature, or a fantasized place of security. This technique can be used repeatedly as a relaxation technique by patients on their own; or, after inducing a trance, for the psychotherapeutic treatment of negative emotions or for crisis intervention. Future projection is a form of imagination by which patients imagine future experiences, thoughts, and feelings for the purpose of anchoring a strategy for full recovery. Patients are invited to spend time in an imagined, resource-rich state to enjoy the feeling of good health and to contemplate the possibilities of their improved life situation. Later, therapists can invite patients to remember the future projection they did before the operation to reactivate their healing strategies. Some patients have dysfunctional cognitions, such as helplessness, that impair their sense of self-worth and security and can increase anxiety and impede healing. One alleviating technique is the “inner healer” form of imagination: in this script, the patient is invited to imagine a walk in some peaceful place where they approach from a distance a wise and friendly doctor, who is installed as the patient’s inner healer with the power to give information about what the patient needs. This also helps patients who are confronting feelings of passivity and loss of control.

Anchoring works by fixing a central message or suggestion to an object or event, serving as a memory aid. The scripted “hand anchor” intervention helps patients facing surgery anxiety (Tigges-Limmer et al., 2018). Pre-surgery, the patient is led in trance to examine with their inner eye each finger and thumb of the left hand, associating specific resources with each: optimism and hope, trust and protection against negative suggestions, future-orientation, social supports, and the safe place. The hand serves here as a memory aid, and the cultural significance of each finger can be utilized, e.g., “thumbs up” is associated with positive feelings or hope.

Through ideomotor signaling, a person in a trance state communicates by translating thoughts into muscle movement without “willing” the muscle to move. Patients can learn to give ideomotor signals to their nurses and doctors. A specific use is the “emergency finger signal”: one finger is ideomotorically trained to move whenever the patient has the thought, “I need emergency help.” This can help alleviate the anticipated fear of patients who had experienced not being able to communicate during a traumatic surgery event. Another example is ideomotor arm “levitation,” which we use to estimate a patient’s hypnotizability.

Utilization is the use of memories, objects, stimuli, symptoms, character traits, etc. for activating therapeutically useful resources. Utilization is combined with focusing such that the therapist invites the patient to concentrate their attention on something to utilize its meaning. For example, patients who are distressed by the noise made by breathing machines, intensive care unit monitors, or by their MCS can be invited to focus on these sounds to reframe (see below) their meaning: “the language machines use to talk to medical personnel when they need to help me, so when I hear the noise, I can relax.” In this way, annoying sounds can be utilized in a relaxation technique.

Reframing refers to strategies for expanding the perspectives patients use to impart meaning to their experiences. The therapist works with the patient to look at the perspective or “frame” through which the patient attributes meaning. Negative framing can generate problematic emotions and behaviors, and through reframing, the meanings that the patient imparts to experiences can be turned positive. The “journey to the heart” script helps patients reframe their worry to a sense of caregiving. In trance, patients are invited to make gentle contact with their heart in a quiet space, listening with growing self-confidence to what it might wish to say and perhaps taking the opportunity to respond (Tigges-Limmer and Schmid-Ott, 2012).

Dissociation is a mechanism for protecting against overwhelming strain in potentially traumatic situations. It works by blocking out areas of conscious thought. It can be used to suppress pain and is useful for preparing patients for potentially traumatizing situations. With this technique, patients are invited to “remove” themselves to a place where they feel secure and can control the sources of their fear, for instance by imagining watching themselves in the anxiety-producing situation on a “video screen” in their mind with the power to rewind, pause, or fast forward to regain a sense of control. Association works by connecting all areas of conscious thought to achieve more complete understanding and to use conscious thought in a positive way. For example, patients in a trance state are invited to approach a source of anxiety with an open mind for the purpose of finding a means of emotional accommodation. This is used post-surgery, e.g., with transplant patients in the “greeting the new heart” script (Tigges-Limmer and Gummert, 2010).

Glove anesthesia is a technique that gives patients the feeling of being able to locally anesthetize specific body areas. The patient is given the suggestion of wearing a glove soaked in a powerful local anesthesia that soaks into the skin and nerves of the hand, numbing it. Patients are instructed that this numbness can be transferred to other parts of the body by laying their “gloved” hand on it. This is used, e.g., during post-op removal of thorax drainage tubes, a procedure that is often anticipated as painful.

Finally, we also make extensive use of suggestive metaphors. Interventions include those that help patients impart meaning to medical procedures and necessities. These should be individually tailored. For example, an automobile enthusiast might enjoy thinking of his new pacemaker as more “turbo horsepower,” and gardeners might be helped by the image of “pulling weeds” for wound cleansing.



4 Individual factors that influence the effectiveness of medical hypnosis

Patient characteristics can moderate the effectiveness of medical hypnosis. Some work has looked at hypnotizability and its associations with factors like “cognitive phenotypes” and interoceptive awareness that may be in part genetically preconditioned (Diolaiuti et al., 2019; Faerman and Spiegel, 2021). Hypnotizability is a measurable trait that influences the effectiveness of medical hypnosis techniques that make use of trances, perhaps especially for pain control (Santarcangelo and Consoli, 2018), but it is important to note that many techniques of medical hypnosis can be used without inducing a trance. In our clinical experience, we have noticed that the expectation of positive benefit from hypnosis seems to be associated with treatment success, suggesting that hypnosis may in some cases be augmented by placebo effects or work by triggering placebo effects. Apparently, the higher the expectation, the higher the effectiveness; this expectation seems more likely to be linked to past experiences of success than to genetic dispositions.

Also, individual-level differences in the presentations of psychological distress and on individual paths to successful treatment are relevant for the success of medical hypnosis. Indeed, an individual-level focus is by necessity central to medical hypnosis, because treatment effectiveness depends on the therapist being able to use suggestions, anchors, and metaphors attuned to an individual’s unique set of feelings and experiences. There is variability also in the sources of psychological stress for heart surgery patients and in how patients present their felt psychological distress. Given these conditions of treatment success, the tools of medical hypnosis must be diverse and implementable in various combinations to fit with every patient’s individual support needs.



5 Discussion

Medical hypnosis has been used in our clinic for heart surgery patients because it can be used in all phases of surgical care, is well suited for addressing overwhelming emotions, can also can be conducted when two-way verbal communication and cognitive function are impaired, can be quite rapid in its effects, can be learned by patients for some forms of self-help, and includes many techniques that are easily combined into personalized therapy toolkits. It buffers the difficult, scary, and challenging experience of heart surgery for our patients in a way that can be easily adjusted to their support needs and coping styles. Because its focus is on activating patient resources, we have seen few negative side effects.

In our experience, medical hypnosis brings benefits for everyone involved in heart surgery. Mental health professionals gain new tools to use in situations where other techniques are hampered. Surgeons and nurses benefit because their patients are better able to self-regulate their anxiety, stress, and pain. Family caretakers benefit in this way, too, but they also can receive medical hypnosis from clinic staff for their own personal advantage. Patients benefit in the ways noted in the review of the evidence above. Finally, as medical hypnosis has been shown to be associated with lower procedure duration, lower recovery time and lower medication use, it is associated also with cost-related benefits.

Given these advantages, we encourage heart surgery care teams to consider educating all members about the basic concepts of medical hypnosis. Especially important in our view is sensitizing personnel about hypnotizability and the potential impact of negative suggestions. All team members can learn low-complexity, non-trance interventions such as seeding and metaphors. We also encourage mental health professionals working in these teams to learn methods of trance-induction and to use a wide range of medical hypnosis techniques.
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Worldwide, more than eight million people die each year as a result of tobacco use. A large proportion of smokers who want to quit are interested in alternative smoking cessation methods, of which hypnotherapy is the most popular. However, the efficacy of hypnotherapy as a tobacco cessation intervention cannot be considered sufficiently proven due to significant methodological limitations in the studies available to date. The aim of the present study was to compare the efficacy of a hypnotherapeutic group program for smoking cessation with that of an established cognitive-behavioral group program in a randomized controlled trial. A total of 360 smokers who were willing to quit were randomly assigned to either hypnotherapy (HT) or cognitive-behavioral therapy (CBT) at two study sites, without regard to treatment preference. They each underwent a 6 weeks smoking cessation course (one 90 min group session per week) and were followed up at regular intervals over a 12 months period. The primary outcome variable was defined as continuous abstinence from smoking according to the Russell standard, verified by a carbon monoxide measurement at three measurement time points. Secondary outcome variables were 7 days point prevalence abstinence during the 12 months follow up and the number of cigarettes the non-quitters smoked per smoking day (smoking intensity). Generalized estimating equations were used to test treatment condition, hypnotic suggestibility, and treatment expectancy as predictors of abstinence. The two interventions did not differ significantly in the proportion of participants who remained continuously abstinent throughout the follow-up period (CBT: 15.6%, HT: 15.0%) and also regarding the 7 days abstinence rates during the 12 months follow-up (CBT: 21.2%, HT: 16.7%). However, when controlling for hypnotic suggestibility, CBT showed significantly higher 7 days abstinence rates. In terms of the continuous abstinence rates, it can be concluded that the efficacy of hypnotherapeutic methods for smoking cessation seem to be comparable to established programs such as CBT.

Clinical trial registration: ClinicalTrials.gov, identifier NCT01129999.
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1 Introduction

The health consequences of cigarette smoking are well known. Smokers have a higher risk of cancer, cardiovascular disease, and respiratory disease than nonsmokers (GBD 2019 Tobacco Collaborators, 2021). In addition, there is scientific evidence of adverse effects from exposure to secondhand smoke, including cancer and cardiovascular disease in adults and adverse respiratory effects in children and adults. Worldwide, more than eight million people die each year as a result of tobacco use (GBD 2019 Tobacco Collaborators, 2021). Quitting smoking has substantial health benefits for people of all ages and for those with and without smoking-related diseases. It reduces the tobacco-related risks for cancer, heart attack, stroke and chronic lung disease. The health benefits of smoking cessation apply to all stages of the smoking career (Doll et al., 2004). Although the prevalence of tobacco use has decreased over the last decades (Ng et al., 2014; GBD 2019 Tobacco Collaborators, 2021), prevalence rates in Germany are still high, with about 40% of the population identifying as at least occasional smokers (Armstrong, 2023). As awareness of the harmful effects of smoking increases, many smokers report wanting to quit. Thyrian et al. (2008) compared five different countries in terms of smokers’ motivation to quit and found that the majority of smokers expressed motivation to quit (73.5%). The German Study on Tobacco Use (DEBRA) shows a slight downward trend and an overall low level of motivation to quit smoking in Germany with up to 52.4% thinking about quitting but only 24.6% with a desire to quit smoking (Borchardt et al., 2023). It is recommended that smokers who are unable to quit on their own receive professional help (Batra et al., 2022).

Cognitive-behavioral therapy (CBT) is an effective and well-established method for smoking cessation (Batra et al., 2022). CBT is recommended in national treatment guidelines as the treatment of choice in most countries, including Germany (Sucht et al., 2021). Common treatment elements mentioned in this guideline include psychoeducation, self-monitoring, promoting self-efficacy, building social support, and teaching coping and problem-solving skills. Intensive CBT interventions produce acceptable short-term abstinence rates. However, the rates typically decline steadily after the end of therapy, with only about 20% of participants remaining abstinent for one year (e.g., Prochazka, 2000; Rennard and Daughton, 2000; Agboola et al., 2010; McClure et al., 2020). Group therapy interventions were evaluated more effective compared to self-help, and less intensive interventions (Stead et al., 2017). The outcome can be improved with pharmacotherapy (e.g., nicotine replacement therapy), but even with combined strategies, long-term abstinence rates do not exceed 35% (Alterman et al., 2001; Lerman et al., 2004; Batra et al., 2008, 2010; Stead et al., 2016). These results indicate that further research is needed to improve treatment outcomes and identify alternative treatment strategies.

However, some individuals may have strong preferences or disinclination regarding pharmacotherapy or treatment setting and format. It is recommended that treatment preferences should be taken into account when developing a treatment plan, as this has been shown to improve motivation to quit and adherence to treatment (Howard and Thornicroft, 2006; Kleber et al., 2006; Sucht et al., 2021). It might therefore be beneficial to allow smokers to choose from a range of different interventions. In a survey of 1,175 patients at a specialized outpatient tobacco treatment clinic, Sood et al. (2006) assessed smokers’ interest in complementary and alternative medicine for smoking cessation. They found moderate levels of past use (27%) and high interest in future use (67%) of these treatments. Among all respondents, 40% were interested in trying hypnosis to quit smoking. More than 300 current and past smokers (with rheumatoid arthritis) were asked in a survey about their smoking history, their quit attempts and methods they used to quit smoking. Hypnotherapy was listed by them as one of the past complementary or alternative aids (Lopez-Olivo et al., 2023). Tahiri et al. (2012) recommended in their meta-analysis that acupuncture and hypnotherapy should be offered as alternative smoking cessation treatments, especially when conventional aids are refused. Hypnotherapy is already a widely promoted alternative method of smoking cessation. Hypnotherapists assist in changing unwanted behaviors, cognitions, and emotions by inducing hypnotic trance. Hypnotic trance is a state of focused concentration in which individuals are more receptive to suggestions for behavioral change and are able to focus on specific goals. For example, during hypnosis a smoker might receive suggestions to reduce cravings and increase their ability to cope with them (Covino and Bottari, 2001). Imagery plays an important role in visualizing an alternative behavior in the mind (Fromm, 1987). The effects of a trance state on brain activity have been demonstrated in clinical studies (Rainville et al., 2002; Oakley and Halligan, 2009). There is already good evidence for hypnotherapy as a treatment for pain (Elkins et al., 2007) or irritable bowel syndrome (Gonsalkorale et al., 2002).

In hypnotherapy, techniques for smoking cessation, the concept of the “unconscious” together with ideomotor signals can be introduced, to support smokers as a “third party” with identifying the day of quitting smoking or developing ideas to overcome tobacco use. Additional to a theoretical framework that is shared with CBT (e.g., a biopsychosocial model including the concept of a behavior that has an individual, conscious or unconscious function in the smoker’s everyday life, Tidey and Miller, 2015), the “unconscious” can access resources that were perceived as uncontrollable or unavailable (Gerl et al., 2015). Other hypnotic strategies include reframing smoking as conducive (e.g., rewarding, taking a break); using posthypnotic and indirect suggestions and metaphors; using time regression or progression; establishing new rituals such as self-hypnosis; and developing alternatives for potential relapses (Gerl et al., 2015). However, there is still considerable scientific debate about the efficacy of hypnotherapy for smoking cessation. Several randomized trials have compared hypnotherapy with other treatments, such as smoking cessation supported by acupuncture, relaxation, behavioral therapy, or a control condition without an intervention. Valbo and Eide (1996) randomly assigned 158 pregnant women to either hypnotherapeutic treatment or a control condition that received only routine prenatal care. At the time of delivery, the smoking cessation rates for both groups were 10%. In a larger study of 180 participants in a family practice setting, short-term differences in abstinence rates were observed between the hypnotherapy group (21%) and the control group (6%), but no significant differences were found for medium- and long-term abstinence rates (Lambe et al., 1986). The control group in this study received a health booklet on quitting smoking and a medical advice to quit. During follow-up assessments, all patients were called by phone and encouraged while assessing the number of cigarettes smoked. The authors (Lambe et al., 1986) explained the high success rates of the control group in the long term by the personal contact with the interviewers. Some studies have shown hypnotherapy to be more effective than no treatment and as effective as other interventions. For example, Williams and Hall (1988) randomized 60 smokers to either a single session of hypnosis, a placebo control condition (a single session where reasons for quitting and quitting attempts were discussed), or a no-treatment control condition. At posttest and all follow-ups, abstinence rates were significantly higher in the hypnosis group than in either control group. Hyman et al. (1986) randomized 60 smokers to one of four different groups: hypnosis, focused smoking, attention placebo, or a waitlist control group. During focused smoking, participants were instructed to smoke and additionally concentrate on aversive smoking effects. In the attention placebo, participants were discussing their general personal topics. Hypnosis, in this case, consisted of formal trances with specific suggestions mostly related to positive effects of non-smoking. All treatment conditions involved four weekly individual sessions (60 min each). All treatment conditions achieved significantly better abstinence rates than the waitlist control condition (0%), but no significant differences were found between the different interventions. Rabkin et al. (1984) randomized participants to receive either behavior modification (BM), health education (HE), hypnotherapy (HT), or be on the waitlist. Each intervention group was superior to the waitlist control group. There were no significant differences between treatment groups at any follow-up, with abstinence rates of 17% (BM), 19% (HT), and 22% (HE) at the 6 months follow-up. Carmody et al. (2008) randomized 286 participants to receive either standard behavioral counseling or hypnosis, both combined with nicotine patches. Point prevalence abstinence rates did not differ significantly between the two conditions at the 6- and 12 months follow-up. Except the studies of Rabkin et al. (1984) and Carmody et al. (2008), all other previously mentioned RCTs did not involve techniques of CBT in the control groups. Tahiri et al. (2012), stated in their meta-analysis on alternative smoking cessation aids that sample sizes of included studies on hypnotherapy were small, biochemical validation was usually missing, and there were problems with randomization procedures or reporting (Tahiri et al., 2012). In two earlier systematic reviews, the Cochrane Tobacco Addiction Group concluded studies have failed to demonstrate that hypnotherapy produces greater six-month quit rates than other interventions or no intervention, and that the highly significant treatment effects of hypnotherapy on smoking cessation reported in uncontrolled studies could not be confirmed in randomized controlled trials (Abbot et al., 2000; Barnes et al., 2010). Even in the most recent update of the meta-analysis (Barnes et al., 2019) which included 1.926 participants of 14 studies investigating effects of hypnosis compared to various control interventions, the quality of most studies was too low to draw clear conclusions. Of course, it should be noted here that some of the older studies from the 1970s and 1980s used a different definition of hypnotherapy-often using a more direct form of hypnosis than is common today. Techniques have evolved since then and use a resource-based approach. In 2006, the German Scientific Advisory Board for Psychotherapy (Wissenschaftlicher Beirat Psychotherapie [The German Academic Advisory Committee for Psychotherapy], 2006) published a report that included hypnotherapy as an acceptable treatment for tobacco dependence. However, the committee acknowledged that conclusions regarding its efficacy are highly limited due to the heterogeneity of the data. Similarly, the current German guidelines for the screening, diagnosis, and treatment of tobacco abuse and dependence (Sucht et al., 2021; Batra et al., 2022) consider hypnosis as a treatment method that “may be offered” by psychologists or medical doctors with appropriate training, while acknowledging the lack of clarity regarding its indications and contraindications due to limited high-quality evidence. The methodological shortcomings of previous studies include small sample sizes (e.g., Elkins et al., 2006), lack of treatment standardization and manualization, inconsistencies in the definition of treatment outcomes, lack of biochemical validation of abstinence, lack of random assignment to treatment conditions (e.g., Elkins and Rajab, 2004; Riegel, 2013), use of inadequate statistical methods, or failure to report important information regarding the methodology (Abbot et al., 2000; Covino and Bottari, 2001; Barnes et al., 2010, 2019). Others concerns were related to inconsistencies of treatment duration and intensity between the compared treatment conditions (e.g., Wynd, 2005) and lack of active comparison condition (e.g., Elkins and Rajab, 2004). Therefore, researchers have called for higher quality trials of hypnotherapy for tobacco cessation (Flammer and Bongartz, 2003; Sood et al., 2006). The Cochrane Tobacco Addiction Group emphasized that the hypnotherapy intervention used needs to be clearly defined and described, comparison conditions should include active interventions, and the amount of therapist contact time must be matched (Abbot et al., 2000; Barnes et al., 2019).

The aim of the present study was to compare the efficacy of a hypnotherapeutic tobacco cessation program with an established cognitive-behavioral tobacco cessation program. The study was planned in light of the widespread availability of hypnotherapeutic tobacco cessation services and the corresponding high demand for hypnotherapeutic tobacco cessation services – while at the same time, from a scientific point of view, the previous evidence for the effectiveness of the method was found to be insufficient (Abbot et al., 2000; Barnes et al., 2010, 2019). To meet high methodological standards, our study should have the following characteristics: a sufficiently large number of participants, a sufficiently long follow-up period, and a definition of treatment outcome based on the current gold standard of tobacco cessation research, the Russell standard, which includes a biochemical verification of participants’ self-reports (West et al., 2005). The treatment was standardized and manualized, the study project was monitored by an external company, and appropriate statistical methods were used to analyze the data. Since CBT is well evaluated for smoking cessation and more in line with the treatment guidelines than a hypnotherapeutic tobacco cessation treatment which had been adapted in format, setting and duration, we expected that participants receiving CBT would achieve higher abstinence rates than those receiving HT. In addition, selected psychological variables (i.e., therapy expectancy, hypnotic suggestibility) were tested as predictors of study outcome. Therefore, this study should meet the qualitative standards of a randomized controlled trial as required for drug approval.



2 Materials and methods


2.1 Trial design

In this parallel randomized controlled trial, smokers who were willing to quit and smoked at least 10 cigarettes per day were recruited at two study centers (Tuebingen and Hamburg). Eligible participants were randomly assigned 1:1 in blocks of eighteen to receive either six weeks of cognitive behavioral therapy (CBT) or six weeks of hypnotherapy (HT). Both interventions were outpatient, group-based (with eight to nine participants per group), and were delivered in weekly 90 min sessions with a trained therapist. After completion of treatment, participants were reassessed 1, 3, 6, 9, and 12 months following treatment completion. Participants received 10 euros as compensation for their in-person participation at the 1 month and 12 months follow-up, and they received additional 50 euros at the 12 months follow-up if they had completed all follow-up assessments. The study was conducted in accordance with Good Clinical Practice (GCP) guidelines and the Declaration of Helsinki. Ethical approval for this project was obtained from the Ethics Committee for Behavioral Research of the Medical Faculty of the Eberhard Karls University of Tuebingen (331/2008B01) and the Ethics Committee of the Medical Association of Hamburg (MC-150/10). The study has been pre-registered at ClinicalTrials.gov (NCT 01129999).



2.2 Trial sample

Criteria for eligibility included being at least 18 years old, smoking at least 10 cigarettes per day for at least the past 2 years, being able to communicate and be understood in German, and being able and willing to provide written informed consent. Exclusion criteria were a serious mental disorder (i.e., life-time psychotic disorder, bipolar disorder, posttraumatic stress disorder, dissociative disorder, current episode of major depression, current alcohol or drug dependence, borderline personality disorder), use of tobacco products other than cigarettes (cigarillos, cigar, pipe), participation in any smoking cessation treatment within the past 6 months, and current status of pregnancy or lactation. Participants with severe mental disorders were excluded because they might need additional pharmacological treatment or support for quitting smoking (e.g., El-Guebaly et al., 2002) and differ from individuals without a history of mental disorders by lower success rates (Peckham et al., 2017). Furthermore, some mental disorders, as for example psychotic disorders, are listed as a contraindication for hypnotherapy (e.g., Walker, 2016).

Between September 2010 and January 2012, a total of 450 adult smokers were screened for inclusion and exclusion criteria at both study sites. Of those interested in participating in the study, 371 (82.4%) were eligible based on these criteria. Of those who were eligible, a small number later refused to participate (n = 8) or could not be contacted (n = 3). The remaining 360 participants were randomly assigned to receive either the CBT or HT smoking cessation program (CBT: n = 180, HT: n = 180, see also Figure 1). One participant withdrew from the study and requested his data to be deleted, so the intention-to-treat (ITT) sample consisted of N = 359 participants (CBT: n = 179). Once randomized, there was no deviation from the assigned treatment condition. Figure 1 shows the CONSORT diagram.
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FIGURE 1
 CONSORT diagram. Trial enrollment, randomization, and follow-up.


Table 1 describes the characteristics of the total sample and the treatment conditions. Participants (59.9% female) were on average 43.07 years old (SD = 12.52). They started smoking regularly at a mean age of 16.53 years (SD = 3.00). At baseline, they smoked an average of one pack of cigarettes per day (number of cigarettes: M = 19.75, SD = 6.86). The two treatment conditions did not differ significantly at baseline in any of the baseline variables measured. The general efficacy expectation for HT treatment was rated significantly higher than the efficacy expectation for CBT treatment before randomization (z = −0.595, p < 0.001). Preferences of participants for treatments were also assessed at baseline in 249 participants (another 110 did not answer this question). Of these, most participants preferred HT (n = 175, 70.3%) over CBT (n = 31, 12.4%), some had no preference (n = 43, 17.3%).



TABLE 1 Sample characteristics and comparison of treatment conditions.
[image: Table1]



2.3 Assessments


2.3.1 Baseline assessments

At baseline, sociodemographic variables, smoking behaviors, hypnotic susceptibility, motivation to quit smoking, and expectations for treatment with CBT and HT were assessed. The following instruments were used:

The Fagerström Test for Nicotine Dependence (FTND; Heatherton et al., 1991; Schumann et al., 2003), a 6-item self-report questionnaire, was used to assess participants’ baseline level of nicotine dependence. Responses are summed to produce a total score between 0 and 10. Previous studies have established the reliability and validity of this measure in English and German speaking samples (Heatherton et al., 1991; Schumann et al., 2003).

The Harvard Group Scale of Hypnotic Susceptibility (HGSHS) Form A (Shor and Orne, 1963) was used to assess hypnotic susceptibility in groups. Participants listened to a standardized audiotape recording by Bongartz (1985) that starts with a relaxation induction followed by instructions for eleven tasks, e.g., an immobilization of the right arm: suggestion included imagination of heaviness spreading all over the body with focus on the right arm until the hand is too heavy to move, even when the subjects wants to lift the hand. The participant then rated the performance of the tasks on a binary scale. The HGSHS score ranges from 0 to 11. German norms have been evaluated by Bongartz (1985).

Abstinence motivation was assessed with two items measuring the perceived importance of quitting smoking and participants’ confidence in their ability to achieve/maintain abstinence on a 10-point Likert scale. The items were based on suggestions by Miller and Rollnick (2002). Participants were asked: “How important is it to you to become smoke-free right now?” (1 = not at all, 10 = very) and “If you were to decide to become smoke-free now, how confident are you that you can achieve this?” (1 = not at all, 10 = absolutely). These items have been used in previous studies to assess motivation to quit smoking (Batra et al., 2008, 2010) and were named Motivation Questionnaire (MQ).

Overall efficacy estimation of CBT and HT was assessed at baseline using two items that were answered on a 10-point Likert scale (1 = not at all, 10 = very). These Subjective Treatment Efficacy Questions (STEQ) were asked at baseline (“How high would you rate the general efficacy of CBT” and “How high would you rate the general efficacy of HT?”).



2.3.2 Follow-up assessments

The Follow-up Smoking Questionnaire (Batra and Buchkremer, 2011) was used to assess self-reported smoking status at each follow-up time point: 1, 3, 6, 9, and 12 months post-treatment. Seven-day point-prevalence abstinence (PPA) and continuous abstinence based on the Russell Standard (West et al., 2005) were assessed via self-report. For current smokers, further details of their smoking behaviors were explored. Self-reported smoking status was validated by exhaled carbon monoxide (CO) measurements using the piCO smokerlyzer (Bedfont, England) at the end of treatment and at the 1- and 12 months follow-up visits. In accordance with the Russell standard (West et al., 2005), a CO measurement of 10 or more parts per million was defined as indicative of current smoking. Follow-ups were conducted by study assistants who were blinded to participants’ study condition.



2.3.3 Primary outcome measure

The primary outcome measure was 12 months continuous abstinence (CA) according to the Russell standard (West et al., 2005). This is defined as self-report of having smoked no more than five cigarettes since the end of treatment (and during all assessments 1, 6, 9, and 12 months later), supported by negative biochemical validation (CO < 10 ppm).



2.3.4 Secondary outcome measures

Secondary outcome measures were self-reported 7 days point-prevalence abstinence (PPA) 1, 6, 9, and 12 months after the end of treatment.

We also asked non-quitting smokers about the number of cigarettes they smoked per smoking day (smoking intensity).

In addition, treatment compliance was assessed via session attendance. Treatment compliance was defined as attending at least five out of six scheduled treatment sessions, consistent with previous work (Batra et al., 2008, 2010). Attendance at follow-ups was also assessed.

Safety-critical events were defined as: suicidal thoughts/wishes, or moderate or strong feelings of sadness or depression, both assessed in the questionnaires at the visits and follow-ups; serious mood reduction or new psychiatric symptoms, both assessed during the treatment phase by one of the therapists. In case of a safety-critical event, the event was documented by the therapists or study assistants for the follow-up assessments, faxed to the PI of the study, and discussed at team meetings.




2.4 Interventions

Both treatment programs were matched in terms of contact time and therapy format and were delivered in six weekly group sessions of 90 min each, with seven to nine participants per group. The 6 weeks were chosen, because the standard CBT program used in the RCT has a duration of 6 weeks. Both treatments were manualized. Interventions were delivered by master’s level clinical psychologists who had received additional training in the cognitive-behavioral or the hypnotherapeutic smoking cessation treatment manual. Both treatment programs began with a preparatory phase while participants were still smoking (sessions 1 and 2). In both conditions, smokers were encouraged to set a quit date at any time between sessions 2 and 3. Sessions 3–6 provided support for maintaining abstinence. The content of each session differed according to the underlying rationale for the intervention. Between October 2010 and February 2012, a total of 40 smoking cessation groups were held at both study sites (20 groups per side, 10 receiving CBT, 10 receiving HT). The content of each session for both programs are detailed in the Supplementary material. No pharmacological support was offered for either intervention.


2.4.1 Cognitive-behavioral therapy

The CBT Smoking Cessation Group Program was developed by the Smoking Cessation Research Group at the Department of Psychiatry and Psychotherapy, University of Tübingen, Germany, and has been evaluated in a number of studies (Batra et al., 1994; Schröter et al., 2006; Batra et al., 2008, 2010). It has been published both as a smoking cessation manual for therapists (Batra and Buchkremer, 2004) and as a self-help manual for smokers (Batra and Buchkremer, 2006/2008). It is approved by the German Medical Association as an effective smoking cessation program.

The program includes the following components: psychoeducation, self-monitoring of smoking behavior, identification of smoking cues and smoking-related situations, functional analysis of smoking behavior, motivational enhancement strategies (e.g., weighing the pros and cons of smoking and quitting), developing alternative behavioral options, self-control and stimulus control strategies, reinforcement of abstinence, strategies for coping with smoking urges and withdrawal symptoms, social support/social contracts, strategies for preventing weight gain, encouragement of physical activity, relaxation, relapse prevention strategies, and relapse management strategies.



2.4.2 Hypnotherapy

The hypnotherapy program is based on two standardized smoking cessation manuals (Gerl, 1997; Schweizer, 2009; last updated: Gerl et al., 2015). The program includes the following components: trance-induced focusing on the desired internal and external state, development of a positive self-perception (smokers are supported to create a sense of a positive future without cigarettes), reframing of smoking behaviors and relapses, finding a suitable quitting date using ideomotor actions, self-empowering suggestions and metaphors, development of new rituals, posthypnotic suggestions to connect the cognitive and emotional experiences of trance with daily life, and self-hypnosis to imagine life without cigarettes.




2.5 Procedure

Participants were recruited through advertisements in local media, flyers mailed to primary care providers, and university-wide email campaigns between September 2010 and January 2012. Individuals interested in participating were mailed a detailed information sheet and invited to attend an information session at the local study center. During the information session, they were provided with details about the goals and rationale of the study, the requirements for participation, and their rights as participants. They also had the opportunity to ask questions about their participation in the study. They were then asked to provide written informed consent. Subsequently, inclusion and exclusion criteria were reviewed to assess eligibility for the study. Study participants received a study code number and completed baseline questionnaires (FTND, MQ, STEQ, and the HGSHS hypnotic suggestibility test). Non-eligible individuals were offered participation in a regular smoking cessation program outside of the study. Study participants were randomly assigned to receive either CBT or HT for smoking cessation, regardless of treatment preference or hypnotic suggestibility. Participants were randomized simultaneously 1:1 to either CBT or HT in blocks of eighteen subjects. Two groups of participants were formed, 50% of whom were assigned to treatment option 1 (CBT) and 50% to treatment option 2 (HT). Randomization was performed with nQuery 2.0 (Statsols, Cork, Ireland) by the Institute for Clinical Epidemiology and Biometry (ICEAB), Tübingen. Allocation was concealed until completion of the baseline assessments. Both study centers were informed of the outcome of the randomization process by fax. Participants were informed of the outcome of the randomization process by telephone and were invited to attend a specific smoking cessation course. Possible course dates were discussed with each participant prior to randomization, i.e., participants were randomized only if they confirmed the scheduled course dates. At the end of the 6 weeks active treatment period, participants were followed for 12 months. In-person follow-up assessments were conducted at the 1 month and 12 months follow-up assessments by five study assistants, which were psychologists with a diploma or master’s degree. They were blind regarding treatment allocation. Questionnaires were mailed to participants for the 3-, 6-, and 9 months reassessment, with a request to return the assessment forms within 14 days. Participants who did not return the questionnaires on time were contacted and interviewed by telephone. If no information could be obtained within 4 weeks, participants were coded as non-abstinent at that follow-up time point.

The ICEAB also provided an internet-based data entry platform, which was used for this study. All data were collected by paper and pencil and entered twice by two independent study assistants (five in total, all students of psychology) who had received extensive training from the ICEAB.

The study was monitored by an independent company (CENTRIAL GmbH). Monitoring included controlling the patient identity lists and informed consent documents, reviewing inclusion and exclusion criteria of every second patient, supervising the randomization procedure, ensuring proper documentation and compliance with the study protocol, reviewing deviations from the study protocol if any (for example taking pharmacological treatment during nicotine withdrawal), and monitoring safety-critical events. In total, there were three planned visits per center and year plus an initial visit before study start.



2.6 Statistical analysis


2.6.1 Power analysis

Sample size calculation was based on the results of previous studies (e.g., Batra et al., 2008), in which the marginal probabilities for abstinence with CBT were p = 0.60. Given the lack of reliable data for HT, a medium effect size was assumed. For the sample size determination, it was assumed that continuous abstinence in the group of participants with HT will be 15% and that the case number should be sufficient to detect a clinically significant difference to CBT with a power of 80% and a significance level of 5% (two-sided). Using these assumptions, the number of cases per treatment condition would be n = 121 (Calculated with nQuery 4.0, panel PTT0-1, Statsols, Cork, Ireland). To account for cluster structure, an inflation factor must be considered, which is derived from assumptions about inter-cluster correlation (κ), as well as the correlation of outcomes within a cluster, and the size of the clusters. The inflation factor is calculated as IF = 1 + (m − 1) κ, where m is the number of individuals per cluster (Donner et al., 1981). This formula shows that even small correlations within the cluster have a large impact on the number of cases. On the other hand, there are no empirical data on the inter-cluster correlation within corresponding clusters formed by group therapy. There is evidence that there is little relationship between individuals in a randomly assembled group therapy cluster with respect to the relevant therapeutic outcome. We therefore made an assumption of κ = 0.05. With a constant cluster size of n = 8, this results in an inflation factor of 1.35 and thus a corrected case number of n = 164 per therapy group. This corresponds to 21 group therapy clusters (n = 168) per therapy arm, since not all of them have to be completely filled with eight participants for the evaluation. Therefore, a case number of 336 participants is required. According to the Russel standard, only deceased participants or participants of whom it is unknown whether they are still alive are considered drop-outs. It can therefore be assumed that the number of 21 group therapy clusters with a planned number of 8 participants each is sufficient and accounts for potential drop-outs.



2.6.2 Statistical analysis

For the primary and secondary outcomes, all randomized ITT participants (N = 359) were analyzed. Study participants who (a) did not attend a follow-up visit, or (b) did not have a CO measurement, or (c) whose measured CO value exceeded the threshold of 9 ppm defined as critical (West et al., 2005) were classified as smokers. Continuous abstinence and 7 days point prevalence abstinence (PPA) were coded as 0 = not abstinent, 1 = abstinent. For the primary and secondary outcomes, the number and percentage of participants who were abstinent will be reported.

The primary analysis with confirmatory objective was performed using a population-averaged generalized estimating equation (GEE; Liang and Zeger, 1986) model to predict continuous abstinence at the 12 months follow-up. The cluster effect was considered by adjusting for the factor “group-therapeutic cluster.” This procedure was primarily used to estimate the effect of treatment condition (HT vs. CBT) and to examine the null hypothesis that both therapy methods are equally effective. An intervention is considered superior to the other if the p-value of the test is smaller than the predefined significance level of 5%.

To test whether continuous abstinence at the 12 months follow-up interview was predicted by time (including all timepoints), hypnotic suggestibility, and treatment condition, population-averaged GEE models were constructed and tested using STATA (version 10). A linear time variable (t), a squared time variable (t2), suggestibility, and treatment condition (0 = HT, 1 = CBT) were included in the models as predictor variables. Continuous abstinence (CA) and 7 days point prevalence abstinence (PPA) were used as criterion variables (each coded 0 = not abstinent, 1 = abstinent). Due to the dichotomous nature of the criterion variables, a Bernoulli distribution was used as the basis and the logit link function was selected, and a variable correlation structure was established due to multiple, unequally distributed survey time points. In addition, models were built that included the interaction terms in addition to the main variables. Two sets of linear predictors were fit to the data (models including treatment condition and models adding time × treatment condition interactions) to search for differential treatment effects over time while accounting for hypnotic susceptibility. The quasi-likelihood under independence model information criterion (QICu) was used to determine which of the models best fit the data (Hardin and Hilbe, 2003). GEE models were constructed and tested again that included first hypnotic suggestibility and second therapy expectancy as additional predictors. Missing data in the GEE models were due to missing data in the suggestibility (HGSHS-A) or therapy expectancy at baseline.

Treatment compliance, attendance at follow-up, the 7 days PPA and CA at the end of the treatment and at the 6 months follow-up as well as safety-critical events are reported as numbers and percentages for all participants.





3 Results


3.1 Treatment compliance and safety

On average, one in nine participants did not attend a single treatment session (see Figure 1). All others, n = 325 (90.5%), entered the treatment to which they were randomly assigned and attended at least one of the six scheduled treatment sessions (n = 157 (87.7%) in the CBT condition and n = 168 (93.3%) in the HT condition). In total 54.6% of the sample was compliant according to this definition; 50.8% (n = 91) of the CBT condition and 58.3% (n = 105) of the HT condition. The difference between the two treatment conditions was not statistically significant, p > 0.05.

In total, 34 safety-critical events were assessed, documented, and monitored. These included 30 reports of feeling of sad or depressed, 15 in HT and 15 in CBT, and two events involving suicidal thoughts. Two events were reported by therapists during treatment, with one person reporting serious mood reduction and one person with new psychiatric symptoms (depressive episode of a bipolar disorder). All cases were discussed with the PI of the study, but it was not necessary for the study team to take any action.



3.2 Attendance at follow-up visits

In total 84.7, 85.8, 85.2, 84.4, and 80.8% of study participants could be reached for the follow-up visits 1, 3, 6, 9, and 12 months after treatment completion. Attendance rates by treatment condition are shown in Figure 2. Attendance rates differed significantly between treatment conditions at the 1 month post-treatment follow-up (FU1; χ2(1) = 4.930, p < 0.05). Fewer subjects in CBT (80.4%) attended FU1 compared to HT (88.9%). Attendance rates were not significantly different at all other follow-up visits (all p > 0.05). The on-site appointment to measure the carbon monoxide level in the breath was completed by 66.6 71.0% at FU1 and FU12, respectively without significant differences between treatment conditions (all p > 0.05).
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FIGURE 2
 Participation and attendance rates at follow-ups.




3.3 Continuous and point prevalence abstinence rates during the follow-up phase

At the end of treatment 39.7% of participants in the CBT condition and 34.4% of participants in the HT condition were classified as abstinent. Figures 3A,B show the CA rates and the 7 days PPA rates at all follow-up visits during the 12 months follow-up period.
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FIGURE 3
 (A) Continuous abstinence according to Russell standard over the course of the 12 months follow-up period. (B) Seven-day point-prevalence abstinence over the 12 months follow-ups period.


Self-reported CA validated with CO measurement 6 months after treatment completion were 20.1% in the CBT condition and 18.3% in the HT condition, and 15.6% (n = 28) in the CBT condition and 15.0% (n = 27) in the HT condition at the 12 months follow up assessment.

The 7 days PPA 6 months after treatment completion was 29.1% (CBT) and 18.9% (HT). The 7 days PPA validated with CO measurement at the 12 months follow up assessment were 21.2% (CBT) and 16.7% (HT), respectively.

In the whole sample, abstinence rates were also higher as a function of the number of therapy sessions attended. For example, the 7 days PPA at the end of treatment was 15.8% for participants attending four therapy sessions, 40.7% for those attending five sessions, and 48.2% for those attending all six sessions. At the 12 months follow-up, the 7 days PPA was 11.8, 17.4, and 37.3% for participants attending four, five, and six sessions, respectively. Adding the predictor therapy adherence (number of sessions attended) to a logistic regression with the 12 months 7 days PPA as outcome and the predictor therapy condition revealed a significant effect (χ2(1) = 41.473; p < 0.001).



3.4 Therapy condition as predictor of smoking abstinence

For the primary analysis, that was an effect of therapy condition on CA over time, the main effects model described the data best, (χ2(6, N = 359) = 56.40, p < 0.001; QIC = 482.41), with time (t) and squared time (t2), but not therapy condition (OR = 0.73, p = 0.126, 95% CI = 0.49–1.09) as significant predictors (see Table 2). GEE models with the additional predictors sex and age did not show any significant contribution to the results.



TABLE 2 Prediction of treatment abstinence rates after 12 months, ITT sample (N = 359).
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When 7 days PPA was used as the criterion variable, the main effects model also described the data better than the interaction model (χ2(6, N = 359) = 37.42, p < 0.001; QIC = 414.84) with the significant predictor time (t), but neither squared time (t2), nor therapy condition (OR = 0.76, p = 0.152, 95% CI = 0.52–1.11) were significant predictors, see Table 2.



3.5 Hypnotic suggestibility as additional predictor of smoking abstinence

When CA was used as the criterion variable with therapy condition and hypnotic suggestibility, again the main effects model described the data better than the interaction model, χ2(6, N = 310) = 73.63, p < 0.001; QIC = 230.05, with time (t) and squared time (t2) emerging as significant predictors. GEE analyses showed no significant effect of treatment condition (OR = 0.66, p = 0.053, 95% CI = 0.43–1.00) or suggestibility (OR = 1.01, p = 0.821, 95% CI = 0.93–1.10) on CA over time, see Table 3.



TABLE 3 Prediction of treatment abstinence rates after 12 months with predictors suggestibility and treatment condition, total sample (N = 310).
[image: Table3]

Using the additional predictor hypnotic suggestibility, the effect of the main model was significant, χ2(6, N = 309) = 34.01, p < 0.001; QIC = 323.66. Time (t), but not squared time (t2), proved to be a significant predictor of PPA over time, and suggestibility again showed no significant effect. In contrast, treatment condition (controlling for the influence of time and suggestibility) emerged as a significant predictor of PPA: CBT participants had a 6.6% increased chance of abstinence compared to HT (OR = 0.66, p = 0.043, 95% CI = 0.94–1.10, see Table 3).



3.6 Therapy expectancy as additional predictor of smoking abstinence

The same procedure was used to test therapy expectancy as a predictor of abstinence. This was asked prior to treatment in the form of a subjective assessment of the general effectiveness of each treatment method. The results of the model test are presented in Table 4. Subjective assessment of the overall effectiveness of CBT before treatment began was a significant predictor of abstinence during treatment (OR = 1.27, 95% CI = 1.11–1.45), as was assessment of the effectiveness of HT, but in the opposite direction (OR = 0.87, 95% CI = 0.78–0.98). They show that a higher expectation of the effectiveness of CBT was associated with a higher overall probability of abstinence, whereas a higher estimate of the effectiveness of HT was associated with a lower probability of abstinence. This finding was independent of the definition of abstinence used (see Table 4).



TABLE 4 Prediction of treatment abstinence rates after 12 months with predictors suggestibility, treatment condition, efficacy of CBT and HT, total sample (n = 256).
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3.7 Smoking intensity over the 12-months follow-ups period

As another secondary outcome measure, we also compared the smoking intensity (cigarettes smoked per smoking day in non-quitters) between CBT and HT during the follow-up period (see Table 5). The number of cigarettes per day was reduced compared to baseline especially at the 1 month follow-up. Afterwards on average around 14 cigarettes were smoked in both conditions, CBT and HT, resulting in a reduction of 5–6 cigarettes compared to baseline, thus indicating a reduced harm for participants in the study who continued smoking. There were no differences between the therapy conditions (all n.s.).



TABLE 5 Self-reported smoking intensity (cigarettes/day) over the 12 months follow-up periods in non-quitters.
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4 Discussion

To the best of our knowledge, the study presented here can substantially contribute to and enhance the literature on the efficacy of hypnotherapeutic tobacco cessation treatment since it comprises a randomized controlled trial comparing hypnotherapy with an established cognitive-behavioral group therapy, meeting high methodological standards in a large sample.

The primary outcome variable was continuous abstinence according to the Russell standard 12 months after the end of treatment, confirmed by an objective measure, the CO concentration in the exhaled air. Continuous abstinence rates were similar in the CBT condition and the HT condition. Regarding the primary outcome, our main hypothesis assuming superiority of CBT over HT was not confirmed. For the secondary outcome 7 days PPA, CBT was superior to HT but only in the GEE model when controlling for time and hypnotic suggestibility. The results, thus, seem to indicate that there is overall no difference in the effectiveness of the two treatment conditions in achieving and maintaining continuous abstinence from tobacco after RS and also in the 7 days PPA and number of cigarettes smoked by non-quitters (secondary endpoints). Comparisons with the results of previous studies on the efficacy of HT are limited because many of the previous studies had considerable methodological flaws (Barnes et al., 2010, 2019). In the RCT by Carmody et al. (2008), the PPA 12 months after treatment completion was 20% in the hypnosis condition and 14% in the behavioral counseling condition, but the differences were not statistically significant. At first glance, this contradicts the finding of the present study. However, the treatment intensity in the present study, with six treatment sessions of 90 min each, was significantly higher than in the study by Carmody et al. (2008) with only two sessions. Additionally, in the study by Carmody et al. (2008) both intervention conditions were combined with the use of a nicotine patch, whereas in the present study no pharmacotherapeutical support was used. Since the present study had been started, additional RCTs on hypnosis for smoking cessation have been initiated. Searching the international and national clinical registers, two studies were found in clinicaltrials.gov that were comparable to the present study. For example, Carmody et al. (2017) conducted another RCT comparing two sessions of hypnosis with behavioral counseling in 102 smokers (NCT00770380). They found no statistical differences in the 7 days PPA between hypnosis (42%) and the behavioral counseling group (43%) after 12 months, 29 and 28%, respectively, after biochemical validation using saliva (Carmody et al., 2017). Another study (NCT04899492) was registered where recruiting was still “ongoing” although completion date was planned September 2023. In this study, a total of 100 patients with different types of cancer willing to quit smoking before surgery will be randomized to either Motivational Interviewing with CBT, Motivational Interviewing with HT, or to the control group, a nicotine replacement therapy. Outcome will be the 7 days PPA confirmed by a CO measurement. Results are not yet available. In a pilot study with 30 participants, who were randomized to either hypnosis or a nicotine replacement therapy, a trend was reported to suggest that hypnosis was more effective in reducing the number of cigarettes (Lourmière et al., 2022). A recent COCHRANE umbrella review included previous reviews on smoking cessation, but still concluded uncertainty about the effects of hypnosis (Hartmann-Boyce et al., 2021).

The results of the present study, even though not published at that time, were also included in the review of Barnes et al. (2019). Barnes et al. (2019) included the results of this study in the analysis where hypnotherapy was compared to “attention-matched” behavioral interventions. No differences were found at follow-ups between HT and the active control groups regarding abstinence rates. Our results are, thus, in line with those of other studies included in the COCHRANE review (Barnes et al., 2019). Based on our own study results, we conclude that HT was not inferior to CBT which is considered the “gold-standard” treatment for smoking cessation.

The potential superiority of CBT over HT with regard to PPA (even though only found when controlling for hypnotic suggestibility) may be attributed to the relapse management strategies which were included in the CBT-program but not at this intensity in the HT program, designed to support individuals to return to tobacco abstinence after a setback or relapse. Future studies will have to show whether the superiority of CBT over HT with regard to PPA, as found in the present study, is confirmed or whether, on the contrary, an equivalence of the two treatment methods can be assumed, independent of the underlying definition of abstinence and thus also with regard to PPA, as suggested by the results of the study by Carmody et al. (2008). In addition, it would also be worth exploring whether it would be possible to supplement hypnotherapy with relapse prevention strategies and achieve better outcomes.

The long-term abstinence rates achieved are similar to those also reported in previous controlled trials on the effectiveness of behavioral cessation programs (e.g., Hernandez-Lopez et al., 2009; Wittchen et al., 2011). However, these rates are lower than those achieved with a combination of behavioral therapy support and medication aids (Batra et al., 2008, 2010; Fiore et al., 2008). For example, in Batra et al. (2010), smoking abstinence was more than 30%, whereas both CA and 7 days PPA in this study was below 20%. While a number of studies have demonstrated the benefits of the combined use of behavioral therapy and pharmacological cessation aids (see Fiore et al., 2008; Stead et al., 2016), the combination of hypnotherapeutic cessation strategies with pharmacological aids has only been used in a small number of studies to date (Carmody et al., 2008; Schweizer and Revenstorf, 2008; Hasan et al., 2014). The question of whether a combination of hypnotherapeutic and pharmacological treatment methods can increase abstinence rates was only posed in Hasan et al. (2014) where hypnotherapy was compared to a nicotine replacement treatment, whereas the results of the study by Schweizer and Revenstorf (2008) provide evidence to the contrary. Future research is needed to determine whether hypnotherapeutic cessation concepts are as effective as cognitive-behavioral cessation concepts when combined with medications, and whether the addition of pharmacological support can increase the achieved abstinence rates to the same extent.

Another possible reason for the lower abstinence rates compared to previous studies of our research group may be lower treatment compliance. In the present study, only 54.6% of the study participants were highly compliant, whereas in the previous studies this had been the case for 81.0 and 73.5% of the study participants, respectively (see Batra et al., 2008, 2010). The comparatively lower treatment compliance may be related to the fact that two different treatment methods were compared, with more than 70% of participants preferring hypnotherapy. Many study participants may have hoped to be assigned to HT and might have been disappointed when randomization required them to undergo CBT treatment and vice versa. Perhaps the term “hypnosis” created a rather passive expectation of salvation. However, the two treatment conditions were not statistically different in terms of treatment use and treatment compliance, despite being preferred by a large proportion of the study participants and their reported higher efficacy ratings. We can only speculate that this may be due to the reality of HT treatment falling short of their expectation. However, compliance was a significant outcome predictor in our study; a higher number of sessions attended was consistently associated with a higher chance for abstinence from smoking. Both programs might therefor need to include more strategies to increase treatment adherence.

Analyses examining the influence of therapy-specific treatment expectancies on treatment outcome showed that a higher anticipation of the effectiveness of CBT had a positive effect on the probability of abstinence, whereas of the opposite was true for HT. This result was found regardless of the definition of abstinence used (CA versus PPA). This could be explained by a possible overestimation of the effectiveness of HT. In fact, participants rated the efficacy of HT significantly higher, which is contrary to current evidence (see Barnes et al., 2010, 2019). In addition, it has been reported that providers of hypnotherapeutic tobacco cessation treatments sometimes overstate the success rates of their cessation services (see Lynn et al., 2010; Yager, 2010), which may contribute to a potentially inflated assessment of the effectiveness of HT treatment by interested smoking cessation clients.

We found significant group differences in the 7 days PPA only when controlling for hypnotic suggestibility. Since no main effect for hypnotic suggestibility was found and there were no differences in suggestibility between HT and CBT at baseline, there might have been other factors such as practicing self-hypnosis at home in participants of HT that influenced this result. Homework, though, was not tracked in our treatments. In comparison with previous studies on hypnosis, Milling et al. (2007) found that suggestibility was a moderator for treatment outcome in patients with pain. Summarizing several studies on headache, panic disorder, and other clinical conditions in adults and children (Montgomery et al., 2011), suggestibility had a small to medium effect on outcome in HT. Focusing on smoking cessation, Lynn et al. (2003) reported that results on the influence of hypnotic suggestibility on treatment outcome are mixed.


4.1 Limitations

First of all, results cannot be generalized to Germany or Europe since data were obtained only in two study centers in Germany. Second, the number of therapists in the study centers was different, and in both centers, there was only one therapist offering HT treatment whereas there were more than two in CBT. Due to the complexity of the GEE model that already included the cluster structure of participants, we decided not to run additional analyses nested for therapists, and therefore do not know the (statistical) influence of therapists on outcome. Third, the fact that the study was advertised as a smoking cessation study with hypnotherapy may have played a role in the selection of subjects. As outlined in the introduction, interest in alternative treatments, especially hypnotherapy, is high among smokers (Sood et al., 2006; Tahiri et al., 2012) and may influence their treatment or outcome expectancies. Fourth, due to a reorganization of the study team, we were unable to publish results of the study earlier. Even if results were communicated to Barnes and used in their COCHRANE review (Barnes et al., 2019), the study data have now more than 10 years of age. Nevertheless, for two reasons, we are convinced that the study continues to be of great value and importance to the research community. The RCT was designed and conducted at a very high methodological level for the time, and, there are still far too few studies in the field of hypnotherapy in smoking cessation.




5 Conclusion

The present study provides evidence that the two cessation methods do not differ in their efficacy for long-term continuous abstinence from tobacco. The results of the present study may suggest that CBT treatment may be superior to HT treatment in terms of 7 days point-prevalence abstinence over the course of 12 months when taking into account hypnotic suggestibility, which appears to be clinically relevant. Future studies need to investigate whether the reported results of can be replicated. More than that, future studies should investigate for whom which treatment is most appropriate. The present study, thus, provides much needed robust data to evaluate the efficacy of a hypnotherapeutic tobacco cessation treatment compared to an established procedure. We conclude that HT – which is not current recommended as a first line intervention for the treatment of tobacco dependence – can be an effective alternative treatment option when CBT or other conventional treatments are being refused. It may well be that very different target groups of smokers are reached and therefore hypnotherapy as a therapeutic method is an important addition to the existing and established procedures of smoking cessation. As meta-analyses have shown, HT might have additional effects on the efficacy of CBT and, thus, can also be combined (e.g., Ramondo et al., 2021). Future studies should assess, if abstinence rates in both treatments could be enhanced with a shared decision-making approach following patients’ preferences. The results of the current study provide an important argument for providers of hypnotherapeutic tobacco cessation services and evidence for future revisions of recommendations in national and international treatment guidelines. Based on reliable data, it can now be stated that hypnotherapeutic methods for smoking cessation can, under certain conditions, be comparable in effectiveness to established methods such as CBT.
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Background: The management of chronic pain may involve an array of tools, including radiofrequency thermocoagulation (Rf-Tc) of sensory nerve terminals. Like many other invasive procedures, Rf-Tc can generate anxiety in a lot of patients, either during the expectation of the procedure or in the course of it. Virtual reality hypnosis (VRH) is a promising tool for managing anxiety and pain in several situations, but its anxiolytic property has not been investigated in participants with chronic pain and going through a Rf-Tc procedure.

Objectives: The goal of this study was to evaluate the effectiveness of VRH for reducing self-assessed anxiety in participants with chronic pain, when received in preparation for Rf-Tc.

Materials and methods: This prospective, controlled trial was conducted in the Interdisciplinary Algology Centre of the University Hospital of Liège (Belgium). Participants were assigned to two groups: VRH or control (usual care). Assessment was carried-out at 4 time points: T0 (one week before Rf-Tc); T1 (pre-intervention, on the day of Rf-Tc); T2 (immediately after the VRH intervention outside of the Rf-Tc room); and T3 (right after Rf-Tc). Medical, sociodemographic data, anxiety trait and immersive tendencies were collected at T0. Anxiety state and pain intensity were assessed at each time points. Satisfaction was examined at T3.

Results: Forty-two participants were quasi-randomly assigned to the VRH or control group. No statistically significant interaction group by time was observed regarding all measured variables, including primary endpoint. However, a significant effect of time was found for anxiety and pain when considering both groups together, toward a progressive reduction.

Conclusion: In the context of our study, there appears to be no significant effect of VRH at reducing anxiety in participants with chronic pain undergoing Rf-Tc. Anxiety decreases along the procedure, while pain is attenuated by the local anesthetic infiltration of the Rf site. Our results suggest that the presence of a caregiver throughout the procedure might explain the progressive decrease in anxiety. Future randomized controlled trials are needed to precisely study the effectiveness of the VRH tool, and the possibility of using it as a complementary approach for anxiety during invasive procedures.
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1 Introduction

Chronic pain (CP) is a complex phenomenon, characterized by persistent pain lasting at least 3 months (Turk et al., 2011), and involving biological, psychological, and socio-professional factors that impact patients’ global quality of life (Gatchel et al., 2007). Currently, negative affects (i.e., depression, anxiety, emotional distress, negative emotions) are the most assessed psychological parameters in CP, with evidence that it contributes significantly more than pain intensity to long-term outcomes of persistent pain such as physical and work disability, healthcare costs, mortality, and even suicide (Meints and Edwards, 2018). Even though several medications (e.g., non-steroidal anti-inflammatory drugs, opioids) are commonly used for the management of CP, these treatments often come with specific and well-documented negative side effects (Foster et al., 2018). They are usually recommended in conjunction with other approaches like physiotherapy, cryotherapy and psychotherapy, among others, falling within a biopsychosocial framework (Hylands-White et al., 2017).

Depending on the indication, invasive procedures can be proposed as first line treatment or when patients do not respond to conservative measures (Hylands-White et al., 2017). These procedures are known to trigger high levels of anxiety in concerned patients, both in relation to the anticipation of the event and during the procedure (Kindler et al., 2000). High levels of anxiety are known to impede quality of life, and to slow recovery down after an invasive procedure (Peters et al., 2007). In our study, we focused on radiofrequency thermocoagulation (Rf-Tc) of the sensitive innervation of the spine’s facet joints.

Rf-Tc is an invasive procedure that blocks the transmission of nociceptive information from peripheral receptors to the central nervous system by damaging nerve fibers in a targeted nervous structure using heat (Pevsner et al., 2003). In patients suffering from a facet syndrome at the cervical, thoracic, or lumbar level, that is, pain related to osteoarthritis of those joints, Rf-Tc is effective at reducing pain for periods of 4 to 6 months. In our population, and in addition to osteoarthritis, Rf-Tc was also proposed for relieving other types of pains such as chronic coccydynia or non-osteoarthritic causes of chronic low back pain (e.g., herniated disk, compression fracture).

Recently, there has been growing interest for a new complementary approach combining hypnosis and virtual reality (VR) in various clinical contexts (Rousseaux et al., 2020), a technique called virtual reality hypnosis (VRH). Hypnosis is an effective intervention to reduce pain perception, depression, and anxiety, while also improving quality of life in patients with CP (Bicego et al., 2021). Hypnosis is defined as “a state of consciousness involving focused attention and reduced peripheral awareness, characterized by an enhanced capacity for response to suggestion”(Elkins et al., 2015). VR is a technology that immerses individuals by providing them with a sense of presence in a three-dimensional (3D) computer-generated world or virtual environment, that can be explored interactively using variable peripheral computer devices (Aziz, 2018). VRH can be described as the delivery of hypnotic induction and suggestions by customized VR hardware/software (Patterson et al., 2004). The interest of combining hypnosis and VR, as compared to VR alone or to hypnosis delivered by an external care giver, is to use a virtual 3D environment to immerse patients, while they are guided by hypnotic suggestions at the same time (Rousseaux et al., 2020). The interest of VRH for the improvement of patients’ comfort has been evaluated in different medical contexts, such as trauma, pneumology or intensive care (Patterson et al., 2004; Lachkar et al., 2022; Rousseaux et al., 2022a). The present research focused on whether VRH can alleviate anxiety associated with an invasive procedure. While the participants in this study suffer from chronic pain, the aim is not to assess if VRH decreases chronic pain itself but rather to make a procedure designed for chronic pain relief more tolerable for patients (i.e., reduce anxiety). Thus, the primary goal of this study was to evaluate the effectiveness of VRH at reducing self-assessed anxiety in CP participants having to undergo Rf-Tc.



2 Methods


2.1 Population

From March 1st, 2021, to March 31st, 2022, participants with CP were recruited when they attended the Algology Interdisciplinary Center of the University Hospital of Liège (Belgium) to receive a Rf-Tc procedure. The inclusion criteria were: participants suffering from CP, being aged >18 years, being French speaking, having no claustrophobia, having no head or face wounds, having sufficient auditory and visual acuity for an effective use of the VRH technique. Participants were referred to the study if they had received an indication for Rf-Tc by an algologist, physical therapist, rheumatologist, or neurosurgeon. Thirty-eight participants were randomized into two groups: a control group who benefited from usual care (CTR; n = 15) and an experimental group who benefited from VRH (n = 18). In the CTR group, 6 participants were withdrawn from the study because of technical issues. We thus decided to add 4 additional participants to the CTR group to be faithful to the sample size calculation.



2.2 Ethical consideration

The study was approved by the Ethics Committee of the Faculty of Medicine of the University of Liège, Belgium (reference number: 2020–344), and was in accordance with the General Data Protection Regulation and with the 1964 Helsinki declaration and its later amendments. The study was retrospectively registered on ClinicalTrials.gov (number: NCT06082427). All participants gave written informed consent to participate in the study.



2.3 Procedure

The study was a prospective, quasi-randomized controlled trial which subsequently underwent a design modification as some participants (n = 4) were added without being randomized (see section 2.1 for more details). Except for these 4 participants, all other volunteers were randomized into two groups (with the randomization function of Microsoft Excel): a CTR group and a VRH group. The procedure included four phases. Every participant scheduled for Rf-Tc was contacted by telephone to propose them to participate in the study. This first step occurred one week before Rf-Tc and consisted in a screening phase, in which the study protocol was explained, and verbal consent was asked to participants, prior to written consent. At that time, socio-demographic data were recorded, and anxiety trait (Spielberger et al., 1983), propensity to immersion (Witmer and Singer, 1998), anxiety intensity (Benotsch et al., 2000) and pain intensity (Bijur et al., 2001) were evaluated (T0). The second step occurred on the day of the Rf-Tc procedure. On that day, participants were first invited to lay comfortably on a hospital bed, and anxiety (Benotsch et al., 2000) and pain (Bijur et al., 2001) intensity were assessed (T1). Then, participants assigned to the VRH group benefited from 17 min of VRH, while patients from the CTR group were asked to relax and wait with no distractions during 17 min. Immediately after this 17-min period, anxiety intensity (Benotsch et al., 2000) and pain intensity (Bijur et al., 2001) were again assessed (T2). The third step was the Rf-Tc procedure which was applied on the spinal facet joints of either the cervical, thoracic, lumbar, or sacrococcygeal region and ganglion impar. Right after the procedure, anxiety intensity, pain intensity and satisfaction were assessed (T3).



2.4 Material


2.4.1 Intervention

VRH was delivered through a Pico G2 4K virtual reality headset equipped with a head-tracking system and the « IPNEO » software designed by Cayceo (Montpellier, France).1 IPNEO is a certified software medical device displaying an enchanted 3D animated environment called « The Lanterns Wood ». The script of the software allows hypnosis induction and suggestions (relaxation, comfort, and safety). When the immersive experience begins, the participants find themselves on a platform placed on a river, and slowly move toward a wooden hut. The environment consists of trees, fireflies, luminous red ball, a river, as well as various silhouettes of animals (Figure 1). During the session, a male voice invites the participants to relax, enjoy the moment and focus on the present moment by suggesting pleasant sensations. The trip continues until the participants enter a hut, where they discover a unique decor (frames, windows, fireplace, etc.). The participants stay inside for 1 min and 40 s, while the narrator continues to deliver positive suggestions. The intervention ends when the participants leave the hut and find themselves surrounded by trees. The participants are then brought back to the “here and now” and are given post-hypnotic suggestions to maintain the calm and relaxation they have experienced during the VRH. The complete intervention lasts 17 min.

[image: Figure 1]

FIGURE 1
 Illustration of four scenes that participants can see during the virtual reality hypnosis experience. ©The Lanterns Wood – IPNEO, designed by the society Cayceo (Montpellier, France, https://cayceo.fr/).




2.4.2 Self-reported measures

The recorded medical and socio-demographic data were age, sex, nationality, level of education, socio-professional, marital status, type and location of Rf-Tc, previous Rf-Tc, previous experience in VR and/or hypnosis, diagnosis, pain duration, and current medical treatment.

The State–Trait Anxiety Inventory (STAI - Y) (Spielberger et al., 1983) was used to assess trait anxiety only. Originally this questionnaire has two parts one dedicated to assess state anxiety and another to assess the trait anxiety. Only the latter was used in this study. STAI – Y Trait contains 20 items with 4 response options (1 = almost never, 2 = sometimes, 3 = often, 4 = almost always). Total scores can range from 20 to 80, with higher scores indicating a higher level of anxiety. STAI – Y Trait was administered at T0 and the validated French version was used (Gauthier and Bouchard, 1993).

The Immersive Tendencies Questionnaire (ITQ) (Witmer and Singer, 1998) contains 18 items rated on a scale of 1 (never) to 7 (often). This questionnaire measures participant’s tendencies to immerse themselves or get involved in a virtual experience. It contains 4 sub-scales: “Focus” is the tendency to stay focused on ongoing activities (total score between 5 and 35); “Involvement” is the tendency to become involved in activities (total score between 5 and 35); “Emotion” is the tendency to be emotionally involved by the environment (total score between 4 and 28); “Game” is the tendency to play video games (total score between 3 and 21). A total score is also available, and can vary from 18 to 126. The higher the score, the higher the tendency for immersion in the virtual environment. The French version of the University of Quebec Outaouais Cyberpsychology Lab was used (Robillard et al., 2002).

The Numerical Rating Scale (NRS) (Benotsch et al., 2000; Bijur et al., 2001) is a self-assessed scale that ranges from 0 to 10. Three French versions were used to assess anxiety intensity (0 = no anxiety, 10 = the most intense anxiety), pain intensity (0 = no pain, 10 = the most intense pain imaginable) and satisfaction about the procedure (0 = total dissatisfaction, 10 = total satisfaction). Participants had to answer according to the present moment.




2.5 Sample size

The sample size calculation was based on a repeated measure analyses of variance (ANOVA) within – between interaction. Alpha was set at 0.05, power at 95% and the effect size at 0.5. According to this analysis, 19 participants were required in each group for a total of 38 participants.



2.6 Statistical analysis

First, descriptive statistics were conducted. Qualitative variables were expressed with count and percentage. If normality was assumed for the distribution of the quantitative variable, means and standard deviations were reported. Reversely, medians and interquartile ranges were presented. Normality of the data was evaluated by comparing mean and median, graphically using a histogram and a quantile-quantile plot, and by carrying out a Shapiro–Wilk test. To detect potential confounding factors, baseline characteristics were compared between the 2 groups using χ2 test for qualitative variables and Student t-test or its equivalent non-parametric test, namely the Mann–Whitney U test, for quantitative variables. Repeated measures analyses of variance (ANOVA) time x group were applied to examine the evolution of anxiety (NRS), and pain intensity (NRS) across the 4 time points of interest (T0, T1, T2, T3) and between the 2 groups (CTR and VRH). Effect sizes were also calculated for both anxiety and pain (NRS). Results were considered significant at the 5% critical level (two-tailed p < 0.05). Multiple comparisons using Bonferroni as correction method were conducted to assess the evolution of both anxiety and pain over time with adjusted p values. The analyses were conducted with the software Jamovi version 2.3.21 (Project, J, 2022).




3 Results


3.1 Study population

Out of the 53 approached participants, ten refused to participate in the study due to lack of motivation (i.e., the patients said to be not motivated in participating in the study). One participant canceled the Rf-Tc appointment, so dropped-out from the start, and 4 participants did not meet the inclusion criteria (impaired audition n = 2, not fluent in French n = 2). The remaining 38 participants were randomized into two groups: a CTR group (n = 17) and a VRH group (n = 21). In the CTR group, 6 participants were withdrawn from the study because of technical issues. We thus decided to add 4 additional participants in the CTR group to be faithful to the sample size calculation. Thus, these participants were not randomized, and that explains the quasi-randomization in this study. Out of the 21 participants in the VRH group, 3 dropped-out for different reasons (2 participants canceled their Rf-Tc appointment, and one dropped-out because of cybersickness following the VRH intervention). In total, the CTR group was composed of 15 participants and the VRH group of 18 participants.



3.2 Descriptive analysis

The participants included in the analysis consisted in 18 women and 15 men. Their age was 58.4 (14.8) years [mean (SD)]. No statistical differences were observed between groups for age, sex, nationality, level of education, socio-professional situation, family situation, type of Rf-Tc, previous Rf-Tc, previous experience with VR and/or hypnosis, diagnosis, and pain duration. No statistical differences were observed for the total scores of the STAI-Trait (Gauthier and Bouchard, 1993) and the ITQ (Robillard et al., 2002) (see Table 1).



TABLE 1 Participants’ medical and socio-demographic characteristics for the global sample and within each group (CTR and VRH).
[image: Table1]



3.3 Effect of the interaction group by time, time, and group

Concerning anxiety, no significant interaction group by time (F = 0.249, p = 0.86) and no group effect (F = 0.308, p = 0.58) were observed. Nevertheless, a significant main effect of time (F = 12.252, p < 0.001) was found. The same pattern of result was observed regarding pain intensity. Indeed, no significant interaction group by time (F = 0.749, p = 0.52) and no group effect (F = 0.946, p = 0.34) while a significant main effect of time (F = 32.327, p < 0.001) was found. Results show a decrease in anxiety and pain intensity over time. Effect size were small both for anxiety (η2 = 0.3) and pain intensity (η2 = 0.5) (see Table 2 and Figure 2).



TABLE 2 Evolution over time of mean and standard deviation (SD) of the primary and secondary outcomes in the CTR group and in the VRH group.
[image: Table2]

[image: Figure 2]

FIGURE 2
 Evolution of anxiety and pain in both groups over time. Pannel (A) displays anxiety scores assessed via a numerical rating scale (0–10) at each time points. Pannel (B) shows pain intensity scores assessed via a numerical rating scale (0–10) at each time points. Purple color represents the VRH group while the orange represents the CTR group. VRH, Virtual reality hypnosis; CTR, control.


Post-hoc comparisons revealed that, over time, there was a significant decrease in anxiety between T0 and T3 (padj = 0.002), T1 and T2 (padj = 0.005), T1 and T3 (padj < 0.001), and T2 and T3 (padj = 0.004). Over time, a significant decrease in pain intensity was observed between T0 and T2 (padj < 0.001), T0 and T3 (padj < 0.001), T1 and T2 (padj < 0.001), T1 and T3 (padj < 0.001), and T2 and T3 (padj = 0.004). No significant difference was observed for anxiety (t = −0.14, p = 0.89) and pain (t = −1.02, p = 0.32) between the two groups at T0.




4 Discussion

The aim of this study was to evaluate the effectiveness of VRH on self-assessed anxiety as a primary outcome and pain intensity as a secondary outcome for participants suffering from CP and having to undergo a Rf-Tc. Globally, the participation rate in this study was good, with only 10 refusals out of 53 patients initially contacted and the mean satisfaction level was close to 9 out of 10 for both CTR and VRH groups. While a main effect of time for anxiety and pain intensity was observed, no significant interaction between time and group was found. Indeed, there was a significant decrease of both anxiety and pain intensity over time when considering all patients together.

Results coming from other studies have shown that VRH decreases anxiety and pain in the context of a medical procedure or a surgery which diverge from the present results. Lachkar et al. (2022) proposed VRH to 20 participants having to undergo a bronchoscopy (with local anesthesia). The VRH device displayed slow motion movies from various natural landscapes alongside headphones transmitting a narrative of hypnosis with sequences of controlled breathing, cardiac coherence and hypnotic suggestions. Results indicated a reduction of anxiety in all participants. In a prospective study on a group of 48 participants undergoing hand surgery (Touil et al., 2021), a 15-min VRH session was proposed after administering an axillary plexus block, while preparing the participants for surgery. The VRH device combined imagery, sounds and a narrative clinical hypnosis script with progressive muscle relaxation and deep breathing suggestions with a soothing music background. The results showed a significant decrease in anxiety scores following the VRH when compared to the anxiety scores prior to the VRH. Nevertheless, no control groups were included in these studies preventing to draw any firm conclusions. However, a randomized controlled trial, including 100 participants scheduled for peripheral endovascular interventions (under local anesthesia), found similar results as Touil et al. (2021), Lachkar et al. (2022), and Gullo et al. (2023). Finally, the only study assessing anxiety reduction in participants with CP having to undergo fluoroscopy-guided lumbar sympathetic ganglion block also showed that the VRH group had greater anxiety decrease than the control group (Joo et al., 2021). Noteworthy, in all of the above-mentioned studies, the VRH was proposed during the interventions. This might explain the discrepancy observed between the results of this study and the other ones. Indeed, while we acknowledge that the waiting prior for the intervention might be anxiogenic maybe proposing the device during the procedure might be more effective in this context of care.

In this study, baseline anxiety assessed at T0 and T1 was low in both groups depicting a low-anxiety sample whose reduction would probably not have contributed to a statistical interaction. Moreover, according to the STAI-Y, trait anxiety is considered as low when the total score is <52 for women and < 51 for men. This was the case in the participants included in this study. Perhaps offering VRH to participants with high trait or state anxiety would benefit them more compared to those with low levels of anxiety. Another hypothesis could be that participants in our study were simply relieved that the procedure was over, which would explain the absence of an interaction effect. Thus, screening participants based on their anxiety trait and/or state before a Rf-Tc could be a way to go for future studies.

Furthermore, the absence of a significant interaction effect could be that the participants received a different support than usually. The investigator phoned them before the intervention, welcomed them before the procedure and followed them through their stay probably representing a reassuring figure. This might have positively impacted their anxiety and the way they answered questionnaires whether they experienced VRH or not. This can be parallel with a previous study using VRH among 100 randomized cardiac surgery participants (Rousseaux et al., 2022a,b). Results showed no significant differences in anxiety from a presurgical phase to a postsurgical phase in the VRH group as compare to hypnosis alone, VR alone and a control group (Rousseaux et al., 2022a). Additionally, a study conducted with participants suffering from irritable bowel syndrome randomized into 3 groups (N = 262): placebo acupuncture alone, placebo acupuncture with a well-established patient-practitioner relationship and waiting list control group showed that an enhanced relationship with a practitioner, together with the placebo treatment, provides the most robust effect in terms of the four measures used in the study (i.e., global improvement, adequate relief, symptom severity, and quality of life) (Kaptchuk et al., 2008). In fact, empathy is a key feature to create insight into participants’ experience as if they were experiencing it themselves. Indeed, empathetic clinicians are able to communicate their understanding of the patient, both verbally and non-verbally, which can be therapeutic in itself (Rakel et al., 2011). Consequently, the presence of an investigator at every step of the procedure in our study may have contributed to reduce anxiety, as participants may have viewed that investigator as a reassuring empathetic figure or provider. Moreover, participants mentioned in several studies that the absence of companions or relatives, undergoing a procedure for the first time, lack of information, and waiting time before the procedure are all determinants of anxiety (Kaptchuk, 2002; Uzun et al., 2008; Vural et al., 2009). Thus the connection between participants and practitioners can impact the health status of participants by acting as a fundamental connection and providing social support (Kaplan et al., 1989; Roter and Hall, 1995). Another hypothesis could be purely statistical, indeed, it could be possible to have done a type 2 error wrongfully accepting the null hypothesis (equality between means). Nevertheless, when looking at the means’ evolution through the procedure, we can observe a similar decrease in both groups. Regarding pain and knowing that the site of Rf-Tc was anesthetized by infiltration with a local anesthetic agent mixture, a global decrease in pain intensity was expected. This supports the present findings.

The majority of the research on VR(H) aim at assessing their effectiveness in various clinical conditions while their processes remain understudied (Ioannou et al., 2020; Rousseaux et al., 2020). Regarding VR alone, it is hypothesized that distraction is the central mechanism behind it analgesic and anxiolytic effects it provides (Mahrer and Gold, 2009). Pain and anxiety capture attention so that the focus is on both of them. Through immersion, VR distracts attention from pain and/or anxiety leading to a reduction of both (Mahrer and Gold, 2009; Gupta et al., 2018). Potential mechanisms of action concerning VRH remain an open question. From its very beginnings, hypnosis has always been closely linked to dissociation. Dissociation can be defined as the “split off” of mental processes and bodily awareness and perceptions. Recently, a study using VRH highlighted that decreases in pain perception were negatively correlated to dissociation (Rousseaux et al., 2022b). Thus, dissociation might account for the analgesic and anxiolytic effect of VRH. Future studies should address processes at play in VR(H).

This study has some limitations. First, the design underwent some modifications due to technical issues altering the randomization. This could have influenced the overall results. Second, neither the participants nor the medical staff and the investigator were blind concerning the given intervention, because the motivation of the medical team and patients to use the tool is essential. Third, due to the 3 participants who dropped-out out from the VRH group and the 6 participants in the CTR group that were withdrawn from our analysis, it is possible that our results are due to underpowered statistics. Forth, some participants relied on the investigator to read and answer the questions, which could cause social desirability bias (Lemaine, 1965). To limit this issue, the investigator stayed as neutral as possible. Future studies should consider the therapeutic relationship and include the investigator as a variable, which could be assessed using therapeutic alliance scales like for example: Working Alliance/Theory of Change Inventory (WATOCI) (Hall et al., 2012) or Kim alliance scale (Kim et al., 2001).



5 Conclusion

Patients with chronic pain undergoing an invasive procedure like Rf-Tc can experience anxiety before, during and after the medical procedure. Despite a medical effort in finding adequate solutions, pharmacological agents can present some risk for some patients necessitating a personalized care. Complementary approaches such as VRH seem to provide anxiolytic effects when proposed in experimental and clinical settings. Unfortunately, the present findings could not demonstrate the latter assumption. Our results suggest that the presence of a caregiver throughout the procedure might explain the decrease in anxiety. Future randomized controlled trials are needed to precisely study the efficiency of the VRH tool, and the possibility of using it as a complementary treatment for anxiety during invasive procedures. While the use of VRH appears promising with regard to other studies, it is essential to consider the patient, the context and the timing in which it is applied and also consider the therapeutic relation as the basement of these interventions.
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Make me more comfortable: effects of a hypnosis session on pain perception in chronic pain patients
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Introduction: Approximately one-quarter of Canadians experience chronic pain, a debilitating condition often necessitating opioid use, which raises concerns regarding dependency and overdose risks. As an alternative, we developed the HYlaDO program (Hypnose de la Douleur, hypnosis of Pain in French), a novel self-hypnosis approach for chronic pain management. The development of this program followed the ORBIT model, a comprehensive framework for designing interventions encompassing several phases ranging from design to efficacy assessment.

Methods: In the present work, we conducted a preliminary evaluation of the HYlaDO program with 21 participants (18 of the 21 patients were included in the analysis). The primary objective was to determine one session of the program’s effectiveness in altering pain, anxiety and relaxation via pre-post analysis. The secondary goal was to examine the long-term effects across the same measures, in addition to the overall quality of life.

Results: The results highlight the benefits of our approach, while participants reported short-term significant pain reduction, decreased anxiety, and increased relaxation. Additionally, preliminary trends suggest improvements in physical activity and quality of life metrics.

Discussion: These positive outcomes highlight HYlaDO’s potential as an alternative to opioid therapy for chronic pain. Encouraged by these results, we aim to extend our research to a broader and more diverse cohort, paving the way for comprehensive randomized controlled trials. This expansion will further validate HYlaDO’s efficacy and its role in transforming chronic pain management.

Keywords
 self-hypnosis; chronic pain; anxiety; quality of life; intervention program; pre-post study


Introduction

In Canada, chronic pain is a prevalent issue, affecting more than 7 million individuals, or about one in four, over their lifetimes (Canadian pain task force, 2019). This condition not only impacts personal health but also imposes a considerable economic strain. The total cost, including both direct expenses such as medical services and indirect costs like lost productivity, is approximately $40 billion (Canadian pain task force, 2019). At the level of individual, chronic pain significantly affects mental health, quality of life, and social inclusion among Canadians. Most notably, between 35 and 60% of those suffering from chronic pain is at an elevated risk of developing anxiety disorders (Choinière et al., 2020). Social consequences are also evident, with chronic pain contributing to early disability and impairing both personal and professional lives (Mills et al., 2019). In Canada, these social and health deficits are exacerbated by the lack of readily available services and delays in accessing specialized care (Canadian pain task force, 2019). The average wait time for pain management clinics is between 8 and 10 months, allowing ample time for pain to become chronic. These prolonged waits increase levels of pain and distress, while also reducing the likelihood of successful therapy. In parallel the lack of services, effective treatments, and lengthy wait times yield increased usage of potent analgesics, such as opioids. This heightened usage results in tolerance and dependence, limiting their availability in pain clinics in a timely manner (Mills et al., 2019). In sum, the current situation regarding chronic pain in Canada is difficult and is likely to get worse due aging population.

Following this adverse context, the Canadian government mandated a group of specialists, the Pain Task Force, to guide decision-makers in enhancing chronic pain prevention and management strategies (Canadian pain task force, 2020). A key recommendation from this panel was to increase the adoption of non-pharmacologic interventions, such as hypnosis, mindfulness, and acceptance therapy. This recommendation followed from strong empirical supporting their effectiveness in pain management. Furthermore, focused on cultivating pain self-management skills, these interventions present innovative solutions to address issues like healthcare accessibility, substance misuse, and the escalation of severe pain-related outcomes. Research consistently demonstrates that these strategies are effective in mitigating the risk of chronic pain persistence and its associated comorbidities. They integrate well within multimodal and biopsychosocial treatment frameworks, significantly benefiting patients’ mental health and overall quality of life (Langlois et al., 2022).

Among these approaches, research indicates that clinical hypnosis represents an efficient non-pharmacological intervention for pain management in various clinical populations suffering from chronic pain (Langlois et al., 2022). Hypnotic interventions stand out for their ability to maintain its effects over an extended period of time based on a procedure that can simply reinstate suggestions for analgesia (Houzé et al., 2021). Moreover, in addition to pain reduction, evidence shows that clinical hypnosis can also reduce anxiety, improve sleep, and enhance quality of life of patients (Thompson et al., 2019). In summary, hypnosis represents a viable non-pharmacological treatment option for chronic pain (Jensen et al., 2006, 2020).

In contrast to hetero-hypnosis, which involves the guidance of a clinician, self-hypnosis is characterized by the patient’s performance of hypnotic induction and suggestion procedures (Hammond, 2001). This approach promotes self-management of chronic pain outside therapeutic sessions with a healthcare professional (Langlois et al., 2022). Self-hypnosis relies on two key elements: instructions for practicing self-hypnosis and audio recordings (Bicego et al., 2021; Eaton et al., 2021). Despite its apparent effectiveness, self-hypnosis training remains largely unexplored, with limited information in the literature about the optimal method for providing self-hypnosis instructions (Milling et al., 2021; Samami et al., 2021). The present work aims to address this lacuna by further developing a new standardized program specifically tailored for self-hypnosis training in chronic pain management.



Objectives

This research introduces a self-hypnosis training program, developed based on insights from prior chronic pain studies. Our approach to designing this program followed the ORBIT framework (Figure 1; Czajkowski et al., 2015). The ORBIT model represents a flexible overarching framework to guide and optimize the development of behavioral treatment across four distinct phases. During phase I, the program is conceptualized and refined, incorporating feedback and suggestions from potential users to ensure its relevance and efficacy. Phase II involves conducting preliminary studies to assess the program’s initial impact and to set the stage for more extensive research. The subsequent phases, III and IV, are dedicated to rigorous efficacy and effectiveness studies, respectively. These phases are crucial for establishing the program’s validity and determining its practical applicability in real-world settings. Based on this framework, the current study present work that was done during phase II. In this regard, the aim of the present work is to evaluate the effects of this program’s hypnosis techniques in the context of chronic pain. Our evaluation is twofold: first, we aim to assess the immediate impact of a single hypnosis session on participants’ levels of pain intensity, anxiety, and relaxation; second, our goal is also to examine the long-term benefits of ongoing self-hypnosis practice on the same measure and overall quality of life. We hypothesize that regular self-hypnosis will significantly improve the quality of life for these individuals, alongside marked reductions in anxiety and pain. This hypothesis is predicated on the notion that self-hypnosis can effectively modulate pain perception and bolster coping strategies, thus positively influencing both mental and physical health outcomes.

[image: Figure 1]

FIGURE 1
 ORBIT model, figure adapted from Czajkowski et al. (2015).




Materials and methods


HYlaDO intervention program

HYlaDO (“HYpnose pour la DOuleur”; hypnosis for pain in French) is a self-hypnosis program designed for improving the quality of life of chronic pain patients. As we mentioned previously, the design of our program tracks the stages of the ORBIT model. Our previous research documents the outcome of Phases Ia and Ib (Caron-Trahan et al., 2023a,b). The initial version of the HYlaDO program comprised eight sessions: a session introducing the participants, a session introducing hypnosis, 5 sessions offering 5 heterohypnosis exercises and recommendations for self-hypnosis practice, and a session for conclusion and feedback. The five exercises aimed at emotional release, acceptance, pain modification, pain reducing with magic glove, and confidence building. Each exercise followed a structured pattern, including a hypnotic induction procedure, a deepening phase, specific hypnotic work depending on the session objective, post-hypnotic suggestions aiming to maintain effects and facilitate self-hypnosis practice, and a guided return to wakefulness. The training process was supported by seven weekly video conferences led by a professional hypnotherapist who guided participants through these exercises. Additionally, participants had access to recordings of the exercises and practical self-hypnosis guidelines. They were also invited to participate in weekly videoconference practice groups to reproduce each of these hypnosis exercises.



Participants and procedures

We conducted a pre-post non-randomized study using HYlaDO version 1.0. This study was carried out simultaneously with the refinement study and is part of phase II of the ORBIT model (Figure 1) – i.e., preliminary studies. The current research included 21 out of 32 patients that were trained in self-hypnosis for reducing pain between June 2020 and April 2021. The inclusion criteria were established as follows: at least 18 years old, experiencing chronic pain, receiving treatment at the hospital’s pain clinic, have previously participated in the self-hypnosis training program within the last year, and consent to participate in this research study. There were no exclusion criteria for this study since the patients were selected during the clinical phase and therefore met the criteria for training in hypnosis techniques. To participate in this clinical intervention, patients had to understand French and not have any disorders that would impair communication (too much cognitive impairment, severe psychosis).

Participants were recruited by invitation from a research assistant that was independent from the clinical provider. Interested individuals were presented with a consent form to sign during their hospital visit. Following consent, 18 of the 21 participants engaged in the study at two key time points: The commencement of the research (T1) and 6 months later (T2). At T1, participants completed a brief socio-demographic and clinical questionnaire, along with scales measuring pain, anxiety, relaxation, and quality of life. This was followed by a 30-min hypnosis session for relaxation and acceptance of pain (exercise from HYlaDO session 3), after which participants re-evaluated their levels of pain, anxiety, and relaxation. They were then instructed to practice self-hypnosis regularly, using options such as audio-recordings from the program, independent practice, and the weekly videoconferencing sessions offered to them. Twenty-four sessions of self-hypnosis practice were carried out during the 6 months between these measurement times. The second assessment at T2 involved a similar procedure. Participants returned to the clinic to reassess their pain, anxiety, relaxation, and quality of life through the same scales. This was accompanied by another 30-min hypnosis session, after which they again rated their pain, anxiety, and relaxation levels. The study protocol is summarized in Figure 2.

[image: Figure 2]

FIGURE 2
 Study protocol.


The mean age of patients was 52 (SD = 11) years old. Fifteen of them were women, and 6 were men. In term of occupation, 2 were unemployed, 3 in temporary work interruption, 3 were retired, 5 in invalidity, 1 was a part-time employee, and 7 were full-time employees. The detailed sociodemographic and medical characteristics are presented in Table 1.



TABLE 1 Descriptive data.
[image: Table1]



Measures

The primary outcome of this study was pain intensity, assessed using a visual analog scale (VAS) with 11 points ranging from 0 (representing “no pain”) to 10 (indicating “worst imaginable pain”) (Thong et al., 2018). Secondary outcomes included anxiety, relaxation, and quality of life. Anxiety levels were measured using a similar VAS, with 0 signifying “no anxiety” and 10 representing “extreme anxiety.” Relaxation was assessed pre- and post-practice using a VAS ranging from 0 (“not at all relaxed”) to 10 (“highly relaxed”). These three parameters were evaluated before and after each hypnosis session at both T1 and T2. Quality of life was assessed using the 36-Item Short Form Survey (SF-36) at T1 and T2, prior to the hypnosis practices. The SF-36 encompasses 36 items across eight domains: physical activity limitations due to health issues, social activity limitations due to physical or emotional problems, usual role limitations due to physical health, bodily pain, general mental health, role limitations due to emotional problems, vitality, and overall health perception (Lins and Carvalho, 2016). Scores from these domains are aggregated using a specific scoring key, yielding a composite quality of life score ranging from low to high [α(T1) = 0.952; α(T2) = 0.887]. Additionally, two component scores are calculated: a Physical Component Summary [α(T1) = 0.916; α(T2) = 0.840] and a Mental Component Summary [α(T1) = 0.914; α(T2) = 0.936], providing a nuanced overview of participants’ quality of life.



Analyses

Socio-demographic data were analyzed descriptively. Perceived pain, anxiety, and relaxation scores were compared at different times: pre- and post- hypnosis sessions at both T1 and T2, and between T1 and T2 for pre- and post-hypnosis time points, respectively. The difference in pain, anxiety, and relaxation scores between T1 and T2 were also compared. Also, total quality of life scores and sub-scores were compared between T1 and T2. Two-tailed Wilcoxon signed-rank test was used given the repeated measures design and the small sample size. Statistical significatively threshold were settled at α = 0.05. All analyses were run using SPSS 28.0.1. software.




Results

As illustrated in the flowchart (Figure 3), 18 of the 32 participants successfully completed the measurements in our study. Dropouts were due to participants’ unavailability, logistical challenges such as residing too far from the laboratory, and the worsening of physical health conditions.

[image: Figure 3]

FIGURE 3
 Flowchart.



Perceived pain, anxiety, and relaxation

For perceived pain and anxiety scores, non-parametric paired comparisons were conducted with Wilcoxon tests to compare the scores before and after the hypnosis sessions at T1 and T2. Results show a significant difference between the scores on the variables of interest before and after hypnosis session at T1 with lower scores of perceived pain [W(18) = −3.366; p < 0.001] and anxiety [W(18) = −2.955; p = 0.003], and higher score of relaxation [W(18) = 2.996; p = 0.003]. The same pattern is observed for measures before and after hypnosis at T2 with lower score of perceived pain [W(17) = −3.415; p < 0.001] and anxiety [W(17) = −3.18; p = 0.001], and higher scores of relaxation [W(17) = 3.638; p < 0.001].

No significant difference is observed between the scores of perceived pain before hypnosis session at T1 and T2 [W(17) = 0.095; p = 0.925], neither is for anxiety scores [W(17) = −1.177; p = 0.239]. The comparison of scores after hypnosis sessions between T1 and T2 does not show significant results for perceived pain [W(17) = −1.166; p = 0.243] or anxiety [W(17) = −0.820; p = 0.412] (Figure 4).

[image: Figure 4]

FIGURE 4
 Significant changes in pain, anxiety and relaxation levels for pre- and post-hypnosis across T1 and T2. (A) Pain level (T1), (B) Anxiety level (T1), (C) Relaxation level (T1), (D) Pain level (T2), (E) Anxiety level (T2), (F) Relaxation level (T2).




Quality of life

Total scores for quality of life and sub-scores on the SF-36 were compared between T1 and T2. Analyses reveal no significant difference between the total scores of quality of life at T1 and T2 [W(10) = 1.125; p = 0.260], neither for different sub-scores such as physical limitation [W(10) = 1.350; p = 0.177], emotional limitation [W(10) = 1.382; p = 0.167], emotional well-being [W(16) = 0.739; p = 0.460], pain [W(16) = 0.09; p = 0.929], and global health [W(16) = −0.751; p = 0.452]. When considered as a whole, mental quality of life (i.e., sum of limitations in social activities and usual activities because emotional problem, general mental health and vitality sub-scores) did not differ significantly between T1 and T2 [W(10) = 0.969; p = 0.333]. However, statistical tendency is observed for several sub-scores such as physical functioning [W(16) = 1.728; p = 0.084], social functioning [W(16) = 1.667; p = 0.095], and energy [W(16) = 1.657; p = 0.097]. When computed as such (i.e., sum of limitations in social activities and usual activities because physical problem, body pain and general perception of health sub-scores), the dimension of physical quality of life tends to be different between T1 and T2 [W(10) = 1.682; p = 0.093].




Discussion

This study aimed to evaluate the short- and long-term benefits of HYlaDO, a self-hypnosis approach, on reducing pain and anxiety levels, increasing relaxation level, and improving quality of life in patients with chronic pain. This work was done in the context of the preliminary test phase (Phase II) of the ORBIT model. The results confirmed that the HYlaDO program improves the perception of pain, anxiety and relaxation. Furthermore, we also observed improvements at 6-month follow-up on quality-of-life sub-scores for some individuals (N = 11). Our findings regarding the effects of a hypnosis session from the HYlaDO program in pre-post-intervention represents a critical step in the development of a non-pharmacological approach in pain clinical practice. Already, previous research highlights the efficacy of hypnosis in pain management, as demonstrated in numerous fundamental and clinical studies (Lang et al., 2000; Mills et al., 2019; Thompson et al., 2019). Consistent with this body work, our program led to a reduction in perceived pain and anxiety, two central targets among patients suffering from chronic pain, would indicate that these patients can experience a sense of physical and emotional comfort without pharmacological interventions. It is further complemented by the patients’ ability to achieve relaxation during the hypnosis session, demonstrating their capacity to regain control over their bodies, often perceived as beyond their control.

Our research corroborates previous findings in chronic pain management, which underline the crucial role of self-care skills in patient treatment (Jensen et al., 2020; Langlois et al., 2022). Our study builds on this work by harnessing patients’ endogenous abilities to enhance their well-being, thereby promoting their autonomy. However, our analysis did not show significant differences in the assessments conducted between T1 and T2, with a six-month interval between these measurements. Several reasons may account for the absence of this effect. First, we noted pronounced improvements in self-reported pain perception, anxiety, and relaxation at the session-level. The substantial benefits observed within a single session suggest that improvements across sessions may only be marginal, indicative of a ceiling effect for these measures. Still, the consistency in results between T1 and T2 suggests that participants were at least able to maintain these improvements over time, underscoring the sustained impact of the intervention.

Secondly, as a preliminary study, our limited sample size constrained our capacity to detect anything but large effect sizes. Despite this, we noted improvements in quality of life for some individuals (N = 11) between T1 and T2. Quality of life encompasses various factors, divided into emotional and physical sub-scales (Lins and Carvalho, 2016). This possible improvement is specific to the physical sub-scale of the SF-36, which relates to physical functioning, social functioning, and energy. A more extensive sample size in future research would enable a more accurate estimation of effect sizes and provide the statistical power necessary to evaluate these potential benefits more thoroughly. Conversely, the emotional sub-scale of the SF-36, which includes distress and the general perception of one’s health. It seems unlikely that a brief intervention, like the one we are proposing here, can swiftly address the complexity of these patients’ mental fragility in such a short timeframe. For example, chronic pain conditions lead to significant socio-professional and financial consequences, such as a loss of time at work and reduced financial contributions. Therefore, the absence of an effect across T1 and T2 for this subscale is hardly surprising.

Third, the participants in this study were treated at a pain clinic, and we did not document the proposed treatments in a detailed manner. We could not isolate these treatments either due to our small sample size. For future studies, we will document and introduce them as variables in our analyses.

Lastly, inter-individual variability in hypnotic responding represent another aspects, a fundamental yet frequently neglected aspect of hypnotic phenomena in clinical settings (Houzé et al., 2021). Such variability can stem from diverse factors including psychological background, individual susceptibility to hypnosis, and previous experiences with hypnotic techniques (REFs). This variability implies that individuals react distinctly to identical suggestions (Houzé et al., 2021). Unfortunately, in the context of our study, we did not collect specific information regarding this variability in hypnotic susceptibility among participants. Consequently, our analysis lacks an exploration of how these individual differences in response to hypnosis might have played a role in the outcomes observed. This limitation is significant, as understanding the extent to which hypnotic susceptibility influences therapeutic outcomes could provide valuable insights for tailoring hypnotic interventions more effectively. Future research in this domain should aim to incorporate measures of hypnotic susceptibility to better assess its impact on clinical results. This approach could potentially lead to more personalized and effective therapeutic strategies in the application of hypnotherapy.

In sum, this preliminary study confirmed that a single session from the HYlaDO program benefits chronic pain patients along several dimensions. However, we could not confirm the benefits of the program between T1 and T2. Considering the milestones outlined in the ORBIT model, this justifies advancing to the next stage, a pilot randomized controlled study, aimed at testing our protocol and gathering data. This step will enable us to estimate effect sizes and calculate the sample size required for a future clinical trial (ORBIT III). Ultimately, if this project proves effective, it could be widely offered in pain clinics as a non-pharmacological approach based on hypnosis.
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Introduction: Hypnotizability is conceptualized as a stable personality trait describing the ability to respond to suggestions given under hypnosis. Hypnotizability is a key factor in explaining variance in the effects of hypnotic suggestions on behavior and neural correlates, revealing robust changes mostly in high hypnotizable participants. However, repeated experience and training have been discussed as possible ways to increase willingness, motivation, and ability to follow hypnotic suggestions, although their direct influence on hypnotizability are still unclear. Additionally, it is important whether hypnotizability can be assessed reliably online.

Methods: We investigated the influence of the degree of experience with hypnosis and the presentation mode (online versus live) on the stability of hypnotizability in two groups of 77 and 102 young, healthy students, respectively. The first group was tested twice with the Harvard Group Scale of Hypnotic Susceptibility (HGSHS) after two weeks. During this period, participants either repeatedly listened to a hypnosis or trained on a progressive muscle relaxation or served as waitlist control group. In the secondgroup, participants performed both an online or offline version of the HGSHS, with varying time intervals (1–6 weeks).

Results: Contrary to our expectations, hypnotizability declined from the first to second assessment in the first group. The reductionwas most prominent in initially highly hypnotizable subjects and independent of the experience intervention. We observed a similar reduction of hypnotizability in the second group, independent of presentation modality. The reduction was again driven by initially highly hypnotizable subjects, while the scores of low hypnotizable subjects remained stable. The presentation modality (online vs. offline) did not influence HGSHS scores, but the test–retest reliability was low to moderate (rtt = 0.44).

Discussion: Our results favor the conclusion that generally, hypnotizability is a relatively stable personality trait which shows no major influence of preexperience or modality of assessment. However, particularly highly hypnotizable subjects are likely to experience a decline in hypnotizability in a retest. The role of the concrete assessment tool, psychological factors, and interval length are discussed. Future studies should replicate the experiments in a clinical sample which might have higher intrinsic motivation of increasing responsiveness toward hypnotic interventions or be more sensitive to presentation mode.
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1 Introduction

There is quite a long history about finding a well-accepted definition of hypnosis (see Green et al., 2005). One suggestion is to define hypnosis as “a state of consciousness involving focused attention and reduced peripheral awareness characterized by an enhanced capacity for response to suggestion” (Elkins et al., 2015, p. 6), even though this definition is not without criticism, as will be discussed later (see Lynn et al., 2015). Increasing scientific evidence exists for the efficacy of applying hypnotic interventions as treatment for a wide range of disorders, illnesses, or other health purposes. It has been shown to reduce pain (Thompson et al., 2019) and post-menopausal hot flashes (Elkins et al., 2013), lower depressive symptoms (Milling et al., 2018) or anxiety (Valentine et al., 2019), and deepen sleep (Cordi et al., 2014, 2015, 2020; Besedovsky et al., 2022). While most meta-analyses report high overall effect sizes between 0.67 to 0.79 (Montgomery et al., 2000; Milling et al., 2018; Valentine et al., 2019), treatment success can depend strongly on the degree of hypnotizability. Hypnotizability can be defined as the general tendency to respond to hypnosis and hypnotic suggestions (Gur, 1978) or, including the subjective experience, describe “an individual’s ability to experience suggested alterations in physiology, sensations, emotions, thoughts, or behavior during hypnosis” (Elkins et al., 2015, p. 6). Subjects with a high hypnotizability benefit from hypnotic treatments with a large effect size of 1.16; effect sizes of medium hypnotizability are around 0.64 (Montgomery et al., 2000). In contrast, low hypnotizable “non-responders” show negligible (Montgomery et al., 2000; Cordi et al., 2015) or even negative reactions to hypnotic interventions (Cordi et al., 2014). Large correlations between the amount of hypnotic treatment benefits and hypnotizability of r = 0.50 support this observation (Liossi et al., 2006). Such results suggest that highly hypnotizable subjects have a greater chance to benefit from hypnosis than low hypnotizable subjects. Some researchers thus highlight hypnotizability as a main predictor for hypnotic responsiveness and treatment success (e.g., Barabasz and Perez, 2007). Contrary, other authors state in their reviews on hypnotizability and treatment outcome that the association between hypnotizability and treatment outcome is only mixed (Lynn et al., 2003; Wofford et al., 2023). According to this view, the only exception was pain treatment for which associations between degree of hypnotizability and treatment success have been quite consistent.

As hypnotizability appears to play an important role at least in some treatment areas, it is an important question whether hypnotizability is a stable individual trait or whether it can be increased by repeated exposure and training. Most researchers define or compare hypnotizability with other personal trait variables (Milling et al., 2006; Barabasz and Perez, 2007) and assume a significant contribution of genetic factors (Morgan, 1973; Moss and Willmarth, 2019). These assumptions are strengthened by longitudinal studies which reported long-term stability across test intervals of 8 to 12 years (Morgan et al., 1974) or 25 years (Piccione et al., 1989). In spite of this evidence for the long-term stability of hypnotizability, attempts to enhance hypnotizability by providing information, strategies to follow the suggestions, and observational learning have proven successful for subjective and behavioral measures (Gorassini and Spanos, 1986). This “Carleton Skills Training Package” was retested later by Bertrand et al. (1993) who confirmed the increments in hypnotizability across different scales measured in two posttests, 2 and 3 weeks after training. Other authors confirmed improvements after hypnotizability training in objective but not subjective scores of hypnotizability, as measured by observations of overt reactions (Bates and Brigham, 1990). In sum, explicit training of hypnotizability appears to be possible. For individuals of low hypnotizability, it might even merely require more experience (e.g., more hypnotic sessions) to improve their ability to respond to hypnotic suggestions (Elkins, 2021). For example, Kaczmarska et al. (2020) reported improvements in hypnotizability after a minimum of three sessions of hypnotherapy. However, others reported significant decrements in hypnotizability scores after repeated confrontation with hypnotic inductions (Barber and Calverley, 1966; Fassler et al., 2008). Taken together, despite reports of long-term stability of hypnotizability, evidence suggests that hypnotic responsiveness can be modified, probably even by mere exposure to hypnosis. The first aim of our study was thus to test to what extent experience with hypnosis boosts the ability to respond to hypnotic induction, as reflected in measures of hypnotizability.

A second aim of our study was to examine the influence of presentation mode on hypnotizability scores. As group sessions in presence are resource-demanding, pre-screening hypnotizability using online assessments could be a time- and cost-effective alternative if measures are reliable. Previous research showed that delivering hypnosis by audiotape or an experimenter did not systematically influence hypnotizability scores in experiments (Fassler et al., 2008). A recent study by Palfi et al. (2020) directly examined the comparability of online vs. offline assessments of hypnotizability. A sample of 71 young and healthy students were assessed twice using the audio version of the Sussex Waterloo Scale of Hypnotizability (SWASH; Lush et al., 2018). All participants were tested in groups offline first. Afterwards, 26 participants were again assessed offline in a standardized room with the experimenter present, but in individual sessions. The other 45 participants were assessed in individual sessions alone in their rooms at home (online). The study revealed comparable levels of responsiveness in both the offline and online version. The authors concluded that online procedures of hypnotizability assessments are a consistent and reliable alternative (Palfi et al., 2020). However, to our knowledge, despite recent increases in usage of online surveys and interventions since COVID-19, this is the only study that directly tested the impact of presentation mode on hypnotizability. In addition, the order of offline vs. online assessment was not randomized in this study. Thus, replication of these findings and the generalization to the widely used Harvard Group Scale of Hypnotic Susceptibility (HGSHS) is important and necessary.

77 participants and created different degrees of hypnotic experience in the two-week interval between two assessments of hypnotizability by the HGSHS (Shor and Orne, 1963). During the two weeks, we asked subjects to either listen to hypnotic suggestions or perform progressive muscle relaxation (PMR) on a daily basis, in a between-subjects design. The latter controls for the influence of a similarly relaxing but not explicitly hypnotic technique. Finally, we compared both groups to a waitlist control condition without intervention. We expected that increased amounts of experience with hypnosis would enhance hypnotizability as measured by the HGSHS. To test our second aim, a separate group of 102 healthy young participants was assessed twice with the HGSHS, with an interval of one to six weeks. In a counter-balanced order according to a within-subjects design, they were confronted with an online and an offline version in group sessions. We predicted that the presentation modality does not have a major influence on the assessment of hypnotizability. However, we hypothesized that the second assessment should reveal generally higher hypnotizability scores due to the increased experiences of the participants, independent of presentation modality.



2 Materials and methods


2.1 Participants

A group of n = 77 students took part in the experience manipulation experiment (experiment 1, 60 females; age range 18–43; average age = 21.61, SD = 3.91). In the online/offline experiment (experiment 2), data of n = 102 subjects were analyzed (76 females, age range 18–55, average = 23.31, SD = 6.91). Recruitment in both studies was done with flyers, announcements, and calls in lectures of psychology at the University of Fribourg. During the first session, each subject provided informed consent. In both studies, inclusion criteria encompassed age 18 or above and good knowledge of German. Participants were compensated by 4.5 subject hours in the experience experiment and by 3 h in the online/offline experiment. In case of drop out, they were compensated proportionally. The ethical review board of the Department of Psychology, University of Fribourg, approved the study (approval No 54).


2.1.1 Randomization

In experiment 1, subjects were randomly assigned to one of three conditions: n = 26 subjects were asked to perform progressive muscle relaxation daily, n = 26 to listen to the hypnotic suggestions, and n = 25 were assigned to a waitlist control group without intervention during the 2-week period. Those groups neither differed in age (p = 0.55) nor suggestibility at time point 1 (Score: p = 0.86 / depth: p = 0.88). Sex was equally distributed across the conditions (p = 0.58).

In experiment 2, subjects were randomly assigned to two between-subjects order conditions. n = 51 were first tested online, then offline (online first group). The second group of n = 51 participants were tested offline first and online in the second session (offline first group). Sex was equally distributed across the conditions (p = 0.17). The group tested offline first was on average older (24.78 ± 8.99) than the other group (21.84 ± 3.35), unpaired t-test t(63.62) = 2.19, p = 0.03, d = 0.43. This difference was mainly due to one person aged 55 in the offline first group. Excluding this person would result in equal age groups (p = 0.06). We refrained from this option for our analyses, as the Pearson correlation between age and HGSHS scores in session 1 was close to zero [r(100) = 0.06, p = 0.58], also when both samples were merged [r(174) = 0.04, p = 0.61].




2.2 Procedure

Data collection in experiment 1 consisted of two in-house sessions (pre and post) at the University of Fribourg and were separated by the interval of 2 weeks in which the intervention took place (see upper part of Figure 1). Each session took around 90 min and was conducted in groups of different sizes. In the first session, subjects filled in the demographic questionnaire, HGSHS, and Pittsburgh Sleep Quality Index (PSQI, Buysse et al., 1989), and received instructions for the intervention interval. After two weeks, the second session included another measure of the HGSHS and PSQI and ended by compensating the subjects. The two intervention weeks took place at the subjects’ homes. For those, subjects were instructed to listen to the assigned audio file (hypnosis or PMR) on a daily basis. They received a download link to install the according audio file on their mobile device. The waitlist control group did not receive any instructions.

[image: Figure 1]

FIGURE 1
 The session flow of experiment 1 in the upper row and experiment 2 in the lower part of the picture. In experiment 1, session 1 and 2 took place at the university while the 2-week intervention training took place in the subject’s homes. In experiment 2, the order of online versus offline presentation of the hypnotizability measure was randomized. It either took place at the university first (offline) and online second (at the subjects’ homes) or reversed. PSQI, Pittsburgh Sleep Quality Index; HGSHS, Harvard Group Scale of Hypnotic Susceptibility; PMR, Progressive Muscle Relaxation.


Data in experiment 2 were collected in two sessions, out of which one took place online and the other offline, in a randomized order, separated by 1–6 weeks (see lower part of Figure 1). In each session, subjects answered the HGSHS and a demographic questionnaire. Other questionnaires assessed in the sessions are not relevant for this work [Mehrdimensionaler Befindlichkeitsbogen (MDBF), Positive and Negative Affect Schedule (PANAS), and Creative Achievement Questionnaire (CAQ)]. The offline sessions took place in groups of different sizes in a quiet room at the University of Fribourg with the experimenter present. The online sessions took place via video call on Microsoft Teams. Each participant was asked to sit in a quiet room, switch off the microphone but switch on the camera for security reasons. In both conditions, the German version of the HSGSHS audio recording was played via loudspeakers before subjects self-rated the items in the according booklet. After the second session, subjects were compensated.



2.3 Questionnaires


2.3.1 Hypnotizability

Subjective hypnotizability was assessed with the Harvard Group Scale of Hypnotic Susceptibility, Form A (Shor and Orne, 1963) in its German translation (Bongartz, 1985). This is a standardized self-assessment form which is frequently used in hypnosis research and can be used in groups of unlimited sizes (Angelini et al., 1999). Its test–retest reliability had previously been tested in a Polish sample (sessions on the same day r = 0.69, 8 weeks apart r = 0.58) (Siuta, 2010). It includes a standardized audio file with a hypnotic induction, followed by several hypnotic suggestions. The latter are in increasing difficulty from simple motor/kinesthetic responses to acoustic hallucinations and cognitive items (amnesia and a posthypnotic suggestion). The score is calculated by counting each item that the subject followed in the questionnaire. In a second part of the booklet, subjects indicate how deep they felt in a hypnotic state during each of the 12 suggestions on a Likert scale of 1 to 10. The mean of these items was taken as trance depth. Taking both samples together (excluding n = 3 for which 1 item of the HGSHS was missing data), those two measures correlate significantly [r(174) = 0.58, p < 0.001] at measurement time 1 and r(174) = 0.67, p < 0.001 at time 2. The suggested cut-off values refer to the first part of the questionnaire (i.e., the objective scores). Six points or less indicate low to medium hypnotizability, while 7 or more categorize medium to high hypnotizability. Together, n = 29 male participants and n = 61 female participants were considered medium-to-low hypnotizable in session 1 and n = 14 male and n = 72 female participants medium-to-high. For reasons of simplicity, we will refer to the groups as low and high hypnotizable in the following. Male participants generally scored lower on the HGSHS scores (5.84 ± 0.29) than female participants (6.62 ± 0.19), unpaired t-test t(174) = −2.11, p = 0.036, d = 3.58 but not in hypnotic depth (4.76 ± 0.21 and 5.07 ± 0.13, for male and female participants, respectively, p = 0.24). Chi2 tests indicated a sex bias in HGSHS scores [Chi2(1) = 6.06, p = 0.014]. Even though Cramer’s V is significant (Cramers V = 0.19, p < 0.001), it is below 0.3 and hence, the association is rather small and mainly due to a lower than expected number of male participants in the high hypnotizable group. An additional item at the beginning of the questionnaire asks for previous experience with hypnosis and experience with relaxation and was coded with 1 for experience and 0 for no experience.



2.3.2 Sleep protocol

In order to detect possible influences of the hypnotic suggestions or the progressive muscle relaxation intervention on subjective sleep, we assessed subjective sleep quality with a daily sleep protocol. This data will be published elsewhere. It however included an item asking whether the training (i.e., PMR or hypnosis) was accomplished. To assess the degree of commitment to the instructions, we summed up how often subjects indicated usage of the file during the 14 days. Commitment is used as a covariate in the ANCOVA.



2.3.3 Sleep quality

To assess the influence of hypnotic suggestions or PMR on sleep, we measured the Pittsburgh Sleep Quality Index (PSQI, Buysse et al., 1989) before and after the training interval in all subjects. We calculated the difference in subjective sleep quality scores from post to pre-training to assess the improvement across training. We included this variable as a covariate in the ANCOVA to control for a potential influence of training success on the changes in hypnotizability.



2.3.4 Demographics

The demographic questionnaires assessed Sex, age, size, weight, and existence of diagnosed neurologic or psychiatric issues, medication, or substance use.



2.3.5 Experience manipulation

The hypnosis group was given access to the audio file containing the hypnotic suggestions for increasing sleep depth that we had previously used in other studies (e.g., Cordi et al., 2014, 2015, 2020). Participants were asked to listen to the file during falling asleep each evening during the 2-week intervention period. They were allowed to fall asleep at any time during or after the hypnosis. The file includes a 14-min recording of a male, gentle voice, speaking slowly and softly. It contains 4 min of hypnotic induction, followed by suggestions to sleep deeper and relax.

The PMR (progressive muscle relaxation) group received access to an audio file including a 20-min guided PMR session. We had used a long version of this file previously (Combertaldi et al., 2021). A male speaker guides through the exercise with a soft voice, while relaxing music is played in the background.




2.4 Statistical analysis

We calculated 3 × 2 × 2 repeated measure ANOVAs with experience (hypnosis, PMR, and control) and hypnotizability (high vs. low) as the between-subjects factors and measurement time (pre vs. post) as the within-subjects factor. To estimate the influence of covariates, we re-analyzed the upper ANOVA including the additional between-subjects factor experience with hypnosis or experience with relaxation. Additionally, we analyzed an ANCOVA including training success, measured as the difference between PSQI after training – PSQI before training as covariate. To assess the influence of previous experience with hypnosis or relaxation, we analyzed a 3 × 2 × 2 × 2 ANOVA including this additional between-subjects factor. Moreover, we calculated Pearson linear correlations and Cronbach’s alpha between the two scales of the HGSHS.

To test the on/offline effect, we calculated a paired t-test between online vs. offline measured hypnotizability scores and depth of hypnosis, indicating effect sizes using Cohen’s d. Moreover, we calculated a Pearson correlation between the scores measures with the two modalities to measure the degree of their correspondence. To test the influence of measurement time, we resorted the HGSHS scores to assessment at session 1 vs. session 2, independent from modality or order of presentation. Moreover, we included the between-subjects factor hypnotizability as measured in the first session (high vs. low) into a 2 × 2 repeated measures ANOVA with the between-subjects factor measurement time (session 1 vs. 2). The results of the complete models can be found in the Supplementary material.

Generally, we followed up on significant results with post hoc t-tests for independent samples or paired t-tests. For all analyses, we tested whether the statistical assumptions were met. If Levene’s test indicated unequal variances, we used the corrected t-value and degrees of freedom. In case of non-significant post-hoc t-tests, we calculated the Bayes-Factor BF0/1 for the comparison between H0 (no difference) versus H1 (difference). Values greater than 3 are taken as evidence in favor of the nominator, i.e., the H0 hypothesis (van Doorn et al., 2021). Alpha power was set to p = 0.05. Averages are reported as mean ± standard error of the mean (SEM), if not indicated otherwise.




3 Results


3.1 Experiment 1: impact of experience on hypnotizability

After the two-week intervention period, HGSHS scores differed significantly, as indicated by a significant main effect of measurement time (3 × 2 × 2 repeated measure ANOVA, F(1, 71) = 24.09, p < 0.001, eta2 = 0.25). Contrary to our prediction, the scores of hypnotizability significantly decreased from 6.10 ± 2.11 (average score) in the first assessment of the HGSHS to 5.08 ± 2.42 in the second assessment after two weeks. Separation of participants in high (HGSHS ≥7) and low hypnotizable individuals (HGSHS <7) based on the first assessment revealed that the reduction was most prominent in high hypnotizable subjects, who significantly decreased from 8.09 ± 0.19 to 5.97 ± 0.40, paired t-test t(32) = 5.60, p < 0.001, d = 1.13. Low hypnotizable participants did not significantly change on their scores across the interval [t(43) = 0.75, p = 0.46, d = 0.1; means: pre: 4.61 ± 020, post: 4.41 ± 0.35]. There was substantial evidence in favor of an absence of an effect (BF0/1 = 6.46). This difference was reflected in a significant interaction between measurement time and hypnotizability [F(1, 71) = 15.45, p < 0.001, eta2 = 0.18], see Figure 2B. Contrarily, and against our expectation, the interaction between intervention and measurement time was however non-significant [F(2, 71) = 0.55, p = 0.58, eta2 = 0.02], indicating that the degree of experience did not influence the change in hypnotizability scores (see Figure 2A). All other main effects and interactions were non-significant (p > 0.30, see Supplementary material).
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FIGURE 2
 Shows the results of experiment 1 (upper row) and experiment 2 (lower part). Panel (A) shows that independent from intervention, scores generally decreased from pre- (session 1) to post-intervention (session 2). Panel (B) shows that hypnotizability measures significantly diminished from pre to post measure only in high but not low hypnotizable subjects. This was independent from success of the hypnotic intervention to improve subjective sleep quality. Panel (C) displays the means of HGSHS scores measured online vs. offline. The modality of measuring hypnotizability does not influence the outcome. Panel (D) displays the results including hypnotizability as assessed in the first measure as a factor, which resulted in the same results pattern as in experiment 1: the scores of high hypnotizable subjects significantly diminished from the first to second session, while low hypnotizable participants remained stable. Panel (E) shows that online and offline measure scores highly correlated [r(100) = 0.44, p < 0.001], which is however a low to moderate test–retest reliability.



3.1.1 Covariate analysis

Those results did not change when training success, quantified as difference in subjective sleep quality across the interval (PSQI post - pre) was considered as a covariate in the 3 × 2 × 2 ANCOVA [main effect for PSQI difference F(1, 63) = 0.42, p = 0.52, eta2 = 0.01]. Neither did the inclusion of the dichotomous factor experience with hypnosis or experience with relaxation as a factor in the 3 × 2 × 2 × 2 ANOVA change the results (main effect of experience with hypnosis, F(1, 63) = 0.99, p = 0.32, eta2 = 0.02, and main effect of experience with relaxation, [F(1, 63) = 1.22, p = 0.27, eta2 = 0.02]. Also, the correlation between PSQI difference and score difference was non-significant in the hypnosis group [r(23) = −0.18, p = 0.39] as well as in the PMR group [r(19) = 0.28, p = 0.22].




3.2 Experiment 2: online vs. offline modality of HGSHS assessment

We first tested the impact of the presentation modality on hypnotizability scores. Online measured hypnotizability was descriptively slightly higher (6.31 ± 0.24) compared with offline collected hypnotizability (6.02 ± 0.22), but this difference was not significant [paired t-test t(101) = 1.22, p = 0.23, d = 0.13; see Figure 2C]. There was substantial evidence in favor of an absence of effect (BF0/1 = 6.15). The same was true for depth of hypnosis [4.85 ± 0.16 and 4.87 ± 0.16, for online and offline, respectively, t(101) = −0.13, p = 0.90, d = 0.01]. There was strong evidence in favor of an absence of an effect (BF0/1 = 12.67). The observed statistical power to detect a medium-sized effect of f = 0.25 was over 99% with our sample of 102 participants. Thus, we were even able to exclude small-to-medium effect sizes from f = 0.15 with 80% certainty, safely excluding that the presentation modality induced small-to-medium differences in hypnotizability. However, we could not exclude the existence of small differences between online and offline versions of the HGSHS.

The test–retest correlation of the online vs. offline version of the HGSHS was highly significant, but only in a low to moderate range [r(100) = 0.44, p < 0.001, see Figure 2E]. Cronbach’s alpha for suggestibility measured online vs. offline was = 0.61. Similar correlations occurred for the assessments of depth of hypnotic trance [r(100) = 0.41, p < 0.001]. However, as test–retest reliability, this association should be considered too low for a reliable assessment, as acceptable reliability would begin at correlations of r > 0.7.

In a second step, we tested the influence of exposure on the assessments of hypnotizability, independent of presentation modality. Thus, we resorted hypnotizability scores into first and second measurement time, independent from modality. Confirming our results from experiment 1, hypnotizability scores were generally higher in the first measure (6.69 ± 0.21) than in the second measure (5.65 ± 0.23), (2 × 2 repeated measure ANOVA, F(1, 100) = 23.67, p < 0.001, eta2 = 0.19).

When separating participants again into high and low hypnotizable individuals, we observed a significant interaction with the factor low vs. high hypnotizability [F(1, 100) = 18.94, p < 0.001, eta2 = 0.16, see Figure 2D]. Similar to experiment 1, we again observed that the reduction in HGSHS scores was only significant for initially high hypnotizable subjects (8.33 ± 0.16 and 6.46 ± 0.29 for the first and second measure, respectively, paired t-test t(53) = 6.40, p < 0.001, d = 1.07). This comparison was non-significant in low hypnotizable subjects [4.83 ± 0.18 and 4.73 ± 0.33, t(47) = 0.38, p = 0.71, d = 0.05]. There was substantial evidence in favor of an absence of an effect (BF0/1 = 8.27).


3.2.1 Explorative analysis

Testing whether the amnesia item in the HGSHS was particularly more difficult to meet in initially highly hypnotizable subjects, we ran an ANOVA with the within-subjects factor measurement time and the between-subjects factor hypnotizability on this item. It resulted in a main effect of time [F(1, 100) = 6.87, p = 0.01, eta2 = 0.06] with higher scores in measurement 1 (0.93 ± 0.05) than 2 (0.26 ± 0.04), and, of course, a main effect of hypnotizability [F(1, 100) = 7.20, p = 0.009, eta2 = 0.07] with higher values in high (0.42 +/− 0.06) than low hypnotizable participants (0.22 +/− 0.04). The interaction with hypnotizability was however non-significant [F(1,100) = 0.02, p = 0.88, eta2 < 0.001]. Including amnesia as a covariate did not change the results or favor another conclusion (see Supplementary material).





4 Discussion

In our two reported studies, the amount of experience in hypnosis did not enhance scores of hypnotizability. On the contrary, participants initially scoring high in hypnotizability revealed significantly lower scores at retest. Low hypnotizable participants did not significantly alter their scores when retested. The modality of hypnotizability (online vs. offline) did not alter overall hypnotizability scores.

Our results are in contradiction to evidence claiming that training or extended experience to hypnosis can increase hypnotizability (Kaczmarska et al., 2020). However, Bates and Brigham (1990) only found increases in the overt reactions of the subjects, observed externally, but not in the subjective scales of hypnotizability after the Carleton Skills Training Package on hypnotizability. Thus, it is possible that some training effects are masked in our study because we used only subjective reports in the HGSHS and no external ratings. It might therefore be possible that training effects on hypnotizability might be observed when using other dependent variables than the HGSHS. While subjective evaluations might be a disadvantage, the HGSHS is a highly established assessment tool for measuring hypnotizability and one of the most widely used ones also when trying to modify hypnotizability (see Acunzo and Terhune, 2021). In addition, the key elements of “alterations in physiology, sensations, emotions, thoughts, or behavior during hypnosis” (Elkins et al., 2015, p. 6) should actually be accessible by the subjective evaluations of the participants. In future studies, one could however consider to analyze sub-factors of the HGSHS, as for instance identified by Woody et al. (2005), instead of the general HGSHS score. As they found that specific subscales predicted different outcomes of hypnotizability than the general score, they argued that specific skills might add to influence overall hypnotic responses. Also, others have demonstrated that standardized scales are rather multidimensional, reducing the meaningfulness of the total score to predict responses of subjects in experimental sessions (Zahedi and Sommer, 2022). This also goes back to flaws such as guessing or compliant responding that had been identified for some of the specific suggestions in the HGSHS (Acunzo and Terhune, 2021).

Assuming that increased experience with hypnosis intensifies suggestibility, one could argue that the induction of amnesia was increased by experience, and therefore the subjective judgments of the participants were flawed during the second testing of the HGSHS. However, posthypnotic amnesia was induced only in very few participants during the second testing session, resulting in a significantly lower score in the second compared with the first testing session. In fact, posthypnotic amnesia is even more difficult to induce when participants do the HGSHS for the second time, as their repeated experience with the tasks increases the likelihood of successfully remembering the different task items. One could argue that the failure to induce posthypnotic amnesia in high hypnotizable participants might be a reason of the decrease in average hypnotizability score at retesting. However, our explorative analyses showed that there was no interaction between time and hypnotizability level, but only a main decrease over time. Moreover, including amnesia as a covariate did not change this conclusion. This supports the idea that encountering the item the second time makes it more difficult to fulfill, but excludes that this overall decline can explain our results of a specific decrease in hypnotizability scores in initially high hypnotizable participants.

One could assume that experience with hypnosis only succeeds in increasing hypnotizability if the treatment was experienced as being effective. We could operationalize this success by analyzing the subjective sleep quality reports our hypnotic intervention had targeted. Including the change in subjective sleep quality from before to after training as a covariate and correlating it with the change in HGSHS scores did not, however, confirm this assumption. This suggests that experience with hypnosis does not alter hypnotizability. Consistent with this conclusion is that neither pre-existing experience with either hypnosis or other relaxation techniques were determinants for hypnotizability. These findings do not exclude that explicit training of hypnotizability as reported for instance by Bertrand et al. (1993) or Bates and Brigham (1990) with the Carleton Skills Training Package cannot work. They had reported positive effects for hypnotizability scores after using this training package. Here, we introduced subjects to a hypnosis aiming to deepen sleep as a possibility to enlarge their degree of experience with hypnosis, but did not explicitly train hypnotizability as this package intends to do. In this context, it should however be mentioned again that the re-“exposure” during the retest showed lower HGSHS scores in initially high hypnotizable subjects. A possible explanation of the latter finding of reduced scores in high hypnotizable participants is that the repeated confrontation of subjects with hypnotic suggestions induces inner-subjective factors such as boredom, disinterest, disengagement, or reduced concentration (Barber and Calverley, 1966; Fassler et al., 2008). These factors are even more likely to influence data when the interval between the measures is rather short, such as in our experiment. When using a longer interval length (for instance, an average of 5 months as in, e.g., Palfi et al., 2020), reductions in hypnotizability were not found. We neither included longer interval lengths nor assessed subjective reports about such factors. Depending on the theoretical framework, such variables are sometimes even considered a part of the definition of hypnosis (Lynn et al., 2015). For instance, Lynn et al. (2019) recommended not defining hypnosis as a unique state, but a “broad array of alterations in consciousness” (p. 498). They argue that as a diversity of socio-cognitive factors (expectations, motivation, attitudes, beliefs) acts on the production of hypnotic responding, variability in what subjects experience during hypnosis is too large for what can be called a state (Lynn et al., 2019). Similarly, the same researchers reported that differences in responses to hypnosis can be achieved by socio-cognitive factors (Lynn et al., 2019, 2023). Whether such factors act on hypnotizability, hypnosis, or are regarded as additional factors is still a matter of debate. Another suspicious factor could be that as subjects realize the overlap between the two hypnotizability assessments, they develop the tendency to behave consistently. This would result in high associations between both behaviors and hinder changes in hypnotizability. However, to exclude or reduce this effect, Spanos et al. (1989) discussed that both measures could take place in different contexts. Even though he usually refers to supposedly two experiments which are, in reality, part of the same experiment, we had a change in context referring to the environment in which the hypnosis sessions took place. In experiment 1, we presented the hypnotic training file at home while hypnotizability was measured with a different tape at the university. In experiment 2, we measured once at home and the other assessment was at the university. In addition, these inner-factors should be present in both high and low hypnotizable participants, so they cannot fully explain why the reduction in HGSHS scores was most prominent in high hypnotizable participants. Another possible explanation is that low hypnotizable participants were not able to decrease further as they had already reached the bottom of the HGSHS scale (floor effects). However, with a mean of 4.83 ± 0.18 and 4.73 ± 0.33 in our two samples and a median of 5.00 in low hypnotizable participants, there appears to be still some room for further decreases of the average score.

Reductions in hypnotizability with repeated testing and training have already previously been reported; in Barber and Calverley (1966), reductions were found across eight individual, repeated hypnosis sessions. The authors reported reducing concentration and interest with subsequent retests. However, also in Fassler et al. (2008), with only two sessions, experience with hypnosis in the first session shaped expectancies for the second measure in a way that subjects expected lower responsiveness to hypnosis in session 2 compared to session 1. This was again discussed to be related to increased annoyance and a resulting reduced engagement. Fassler et al. (2008) reported that these inner-personal changes were present despite an increase in subjects’ positive attitudes toward hypnosis. The latter is in line with our observation of reduced hypnotizability even when the hypnotic treatment, measured as subjective sleep quality, was experienced to be successful.

A second aim of our study was to investigate the influence of online versus offline collected data on hypnotizability. As expected from previous literature, we could not detect any influence of presentation mode on hypnotizability scores. Moreover, the online and offline scores for hypnotizability and hypnotic depth were correlated to a high degree, indicating that they are strongly associated. This suggests that to facilitate screening of hypnotizability, the HGSHS can also be performed online. In our setting, this included playing the audio recording, but meeting in a group only occurred virtually in a videocall. Our findings are line with previous reports comparing online and offline assessment of hypnotizability (Palfi et al., 2020).

While the overall scores in hypnotizability scores did not significantly differ, the test–retest reliability between the two assessment modalities was lower than expected (r = 0.44). Previous studies reported test–retest reliability values of r = 0.71 across 25 years and r = 0.64 after 10 years (Piccione et al., 1989). For shorter intervals, the test–retest correlations between day 1 and 2 were r = 0.82, reducing however across the following three to eight sessions (i.e., r = 0.70 to r = 0.29) (Barber and Calverley, 1966). The correlations between the HGSHS and a short version of the questionnaire was r = 0.83 (Riegel et al., 2021) when the test was performed in the same modality. Also when testing the correlation between HGSHS scores in an individual vs. a group setting, the reliability coefficients were higher (r = 0.83) (Angelini et al., 1999). As the HGSHS is a group scale and some of the previous test intervals were quite large, some might have just over-estimated the actual reliability of the assessment. It must be considered that its reliability is simply lower than previously reported. Further studies are required to identify possible reasons for the decreased test–test-reliability between offline and online assessment of hypnotizability with the HGSHS. These future findings could be an important basis to develop a reliable online assessment of hypnotizability.

Altogether, our data shows that neither experience nor modality of presentation had an impact on hypnotizability measures. This does not exclude that explicit training of hypnotizability cannot increase responsiveness, but highlights that it is not a mere exposure effect. Our results support the notion that hypnotizability should be considered rather a stable trait (Piccione et al., 1989) than a trainable ability. Retesting highly hypnotizable subjects with the same hypnotizability measure, however, significantly reduced scores, probably uncovering the impact of additional, socio-cognitive factors. In addition, our data confirmed other reports about comparable assessments of hypnotizability in online vs. offline assessments, with some questions concerning the test–retest reliability. Both findings are relevant not only for research, where hypnotizability assessment is a critical determinant of treatment effects, but also clinically, hypnotizability could represent an important diagnostic criterion for the use of hypnotherapy. A reliable online pre-assessment could simplify the screening process. Moreover, as hypnotizability is normally distributed, the majority of people are in the middle range of hypnotizability (Elkins, 2014). In order to increase efficiency and accessibility to the benefits of hypnosis, it is of great importance to know which factors influence hypnotizability.
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Aspects of hypnosis and its application in psychotherapy, psychosomatics and medicine are examined and contextualized in the 250-year history of hypnosis. Imagination as an essential element of hypnotic treatments appeared as early as 1784 as an argument rejecting the theory of animal magnetism of Franz Anton Mesmer. In somnambulism of German romanticism, another proto-form of hypnosis after 1800, concepts of the mind–body problem were dealt with, which still characterize the understanding of unconscious mental processes today. Hypnosis was at the beginning of psychoanalysis, but was not pursued further by Sigmund Freud from 1900 onwards. Nevertheless, there were some hypnoanalytical approaches in the 20th century, as well as attempts to integrate hypnosis into behavior therapy. Techniques of imagination and relaxation combine both; in particular findings from cognitive psychology explain processes of both hypnosis and cognitive behavioral therapy. The influence of social psychology brought a new perspective to the debate about the nature of hypnosis, which continues to this day: is hypnosis to be understood as a special state of consciousness or is it a completely normal, mundane interaction? The experiments that were carried out to support one side or the other were also dependent on the hypnotizability of the subjects involved, as the more difficult hypnotic phenomena such as paralysis, hallucinations or identity delusions can only be demonstrated by highly hypnotizable subjects. The fact that these are not mere compliance reactions has now been proven by many studies using imaging techniques. But even those who are moderately hypnotizable benefit from hypnosis rituals. Variables postulated by socio-cognitive hypnosis researchers, such as motivation and expectation, are relevant, as is a good “hypnotic rapport.” Practical application of hypnotherapy today is characterized by the innovative techniques and strategies developed by Milton H. Erickson. Research into the effectiveness of hypnosis in the field of psychotherapy and psychosomatics still leaves much to be done. The situation is different in the field of medical hypnosis, where there are considerably more studies with a satisfactory design and verifiable effects. However, the impact in practical application in everyday medical practice is still low. Newer developments such as virtual reality and artificial intelligence are being looked at with critical interest.
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1 Introduction

The history of hypnosis in modern era goes back almost 250 years. Based on this historical development, some key topics of clinical hypnosis and hypnotherapy are discussed. Due to the author’s profession, the view on the subject is primarily that of a hypnotherapist and trainer in clinical hypnosis.

The “domain of hypnosis” (Hilgard, 1973) is usually divided into experimental and clinical hypnosis. Experimental hypnosis is basic research into the nature of hypnosis and its phenomena. As this is not the focus of this article, only some of the results will be mentioned. Clinical hypnosis refers to the use of hypnotic trance and hypnotic phenomena in the fields of psychotherapy, psychosomatics and medicine (including dentistry). These are the main topics of this article. The use of hypnosis in forensic settings hardly plays a role any more (Reiser, 1980; Beetz and von Delhaes, 2023). The topics of stage hypnosis (e.g., Kleinhauz et al., 1984) and contraindications (Revenstorf and Peter, 2023) are also touched on in passing.

Hypnosis cannot be seen independently of suggestion. Hypnosis is defined here as an intra-personal state of consciousness, suggestion as an act of inter-personal communication (Peter, 2024). The “correct” understanding of these two terms and their relationship to each other has been the subject of an ongoing debate for almost 250 years, which has not facilitated the acceptance of clinical hypnosis, especially among science-oriented researchers and clinicians who dominate today’s human sciences of medicine and psychology.



2 Hypnosis in psychotherapy and psychosomatics


2.1 Hypnosis and the unconscious

The German-American hypnoanalyst Erika Fromm described hypnosis as the “royal road to the unconscious” (Fromm, 1992): hypnosis is suitable for uncovering “unconscious” information from a patient’s life history, i.e., information that is not accessible to the conscious mind, in order to gain relevant insights into the etiology of a disorder and thus resolve unconscious psychodynamic conflicts. Wolberg (1945) had already extended this purely explorative hypnoanalytic procedure by adding corrective new experiences to the patient’s experiential reality, so that symptoms could disappear because their function had become obsolete or because the patient’s self-efficacy had changed significantly. However, this therapeutic strategy of “reconstructing the past” had already been practiced by Janet (1889), but was hardly recognized in the “golden age of hypnosis” at the end of the 19th century, especially not by his contemporary Sigmund Freud who is often referred to as the discoverer of the unconscious. In fact, the recognition of the role of the unconscious precedes Sigmund Freud: the adjective “unconscious” can already be found at the end of the 18th century, among others in Schiller and Goethe (Goldmann, 2005). The term “the unconscious” gained particular significance—especially in connection with the proto-hypnosis, the animal magnetism of Mesmer (1779)—in the work of the German philosopher Schelling (1800). Schelling’s philosophy of nature helped orthodox magnetism, which had almost been forgotten by 1800, to assume importance in the shape of romantic somnambulism. For Romantics, the latter confirmed their view of the world as animated by a world spirit (Weltgeist) or world soul (Weltseele). This offered explanations for the fantastic phenomena and abilities that were exhibited by some patients in a state of magnetic somnambulism and fascinated many doctors, but also artists and educated people during the period of German Romanticism between 1800 and 1848 (Gauld, 1992; Peter, 2009, 2023c). It is noteworthy that in this period of Romantic medicine, the symptoms of somnambulism were regarded as special talents; they could occur spontaneously or be artificially induced by the technique of “mesmerisation” and gave those affected a special aura and occasionally national fame, such as the “seeress of Prevorst” (Kerner, 1829). However, some of the many reports from that time can be read today as detailed descriptions of severe psychopathologies such as dissociative personality disorders (Peter, 2011).

Almost at the same time as Schelling’s philosophical ideas, the physiological prerequisites for the unconscious were also discovered by the Berlin medical professor Johann Christian Reil. Reil’s neurophysiological system of a polar arrangement of “cerebral and ganglionic systems”—analogous to our modern “central and autonomic nervous system”—was a precursor model for the later ideas of a psychodynamic mind–body connection as early as 1807: “Consciousness” and the “thinking soul” (Reil, 1807) are localized in the “cerebral system” based in the brain. The “ganglionic system” is the seat of the vegetative, the passions, the sentient soul and the “unconscious ideas” (p. 212). Both systems are connected by an “apparatus of semiconduction,” which isolates them from each other in the normal waking state, but creates a good connection in states of somnambulism (p. 192). Reil’s physiological model resonated with the natural philosophical followers of magnetic somnambulism, who began to formulate the history of the unconscious and of psychosomatic connections.

However, the understanding of unconscious mental processes and their influence through the proto-hypnosis techniques of “magnetising” or “mesmerising” differed fundamentally from the original theory of Franz Anton Mesmer (1812) in the period of romantic somnambulism at the beginning of the 19th century, who saw animal magnetism as a physical rather than a psychic force. To regard Mesmerism as the forerunner of what we understand today as hypnosis and hypnotherapy, as is traditional in the Anglo-American hypnosis literature following Ellenberger (1970), can therefore certainly be questioned (Peter, 2005).

Sigmund Freud—like so many of his medical contemporaries at the end of the 19th century—had become acquainted with hypnosis in France, with Charcot in Paris and with Bernheim in Nancy, from which he received decisive impulses for his insights into the unconscious nature of human beings (Chertok, 1968a). However, through the influence of Schopenhauer and Nietzsche, his view of the unconscious had changed decisively from the exclusively positive connotation of romantic somnambulism to a partly dystopian entity, a place of repressed problematic affects or even destructive drives such as Thanatos. Hypnosis no longer played a role for Freud in the development of his psychoanalysis from 1900 onwards, apart from the necessities towards the end of the First World War and his many war neurotics:


“It is very probable, too, that the application of our therapy to numbers will compel us to blend the pure gold of analysis plentifully with the copper of direct suggestion and hypnotic influence could also find a place there again, as in the treatment of war neurotics […].” (Freud, 1919, p. 402)
 

There were already some hypnoanalytic approaches at that time (Schilder and Kauders, 1926; Lifschitz, 1930). Essentially, however, hypnosis developed in the first half of the 20th century independently of or parallel to psychoanalysis (Peter and Lenhard, 2016) as hypnotic suggestive therapy according to the guidelines of the French school of Bernheim (1886), in which “the unconscious” had lost its central meaning and had been replaced by the term “subconscious,” understood as a semantic store of problematic beliefs and convictions that had to be corrected by persuasive suggestions given after a hypnosis induction.

It was the American psychiatrist and psychotherapist Milton H. Erickson who reintroduced the word “unconscious” into hypnosis, in its original Romantic meaning as a metaphor for a patient’s positive resources that can be used to overcome problems and strengthen self-efficacy. Thus “the unconscious” became a metaphorical figure for a moderating “therapeutic tertium” (Peter, 2002) in the interaction between therapist and patient. In Ericksonian hypnosis and psychotherapy, the special or non-ordinary state of consciousness of the hypnotic trance was no longer understood merely as a “sedative for the conscious mind” (Peter, 2009) in order to allow the therapeutic suggestions to have an unhindered influence on the patient’s “subconscious”—i.e. “to slide the suggestion underneath the patient” (literal translation of the Latin verb “sub-gerere”), so to speak—as still assumed in classical suggestive hypnosis à la Bernheim, but as a possibility of direct communication with the “unconscious,” e.g., via ideomotor signaling (Cheek, 1962b; Peter, 2023e). Arm levitation (Peter et al., 2012) or finger signaling, for example, make it possible to initially make contact with the “unconscious” non-verbally in order to activate episodic content from the patient’s past experience or reactions stored in the patient’s body memory, which can then be described verbally and made accessible for cognitive processing. “Uncovering” unconscious conflicts without hypnosis was and is also the goal of psychodynamic psychotherapy, but it takes a long time. Hypnosis facilitates and accelerates this process—according to the arguments of hypnoanalysts following Erika Fromm (1965). However, Erickson’s new idea—although old in relation to romantic somnambulism—was to attribute positive characteristics and abilities (positive resources) to the unconscious, which are crucial for therapeutic progress. The classical idea, already contained in suggestive hypnosis, that hetero-hypnotic suggestions, i.e., suggestions presented by the therapist, can only be effective if they are accepted and implemented by the patient auto-hypnotically, was elaborated in a much more differentiated way by Milton H. Erickson. In addition to the many other innovative ideas that Erickson introduced into psychotherapy and hypnotherapy, his emphasis on patient-centeredness and resource orientation from the 1970s onwards brought a remarkable innovation for hypnosis which was now clearly different from the “old” authoritative suggestive hypnosis.

Sigmund Freud had learnt about this “old school” hypnosis from Bernheim in 1889 and later understandably abandoned it in the course of developing his psychoanalysis from 1900 onwards. However, he had previously used it and later referred to it favourably from time to time, e.g.:


“We must still be grateful to the old hypnotic technique for having brought before us single psychical processes of analysis in an isolated or schematic form. Only this could have given us the courage ourselves to create more complicated situations in the analytic treatment and to keep them clear before us.” (Freud, 1914, p. 148)
 

The classic example of the special possibilities of hypnosis to intervene in unconscious psychodynamic processes is the “cathartic” therapy of Berta Pappenheim (Anna O.) from the “Studies on Hysteria” by Breuer and Freud (1895): Only under hypnosis did the patient remember stressful traumatic situations and was able to report them in detail in the “talking cure” as well as reassociate the split-off affects. Chertok (1961) has explained why this therapy of Anna O. was not successful, but led Freud to the development of one of the most important concepts of psychoanalysis, namely that of transference (Chertok, 1968b). Similar “hypnoanalytic” procedures that were successful can later be found in many reports from the 20th century (Wolberg, 1948; Watkins, 1992).



2.2 Hypnosis and cognitive psychology

Without reference to the historical sources mentioned above, Alldredge and Elkins (2023) have recently presented a version of Epstein’s (2014) cognitive-experiential self-theory adapted to hypnosis, but which can also be found in a similar form in other contemporary concepts: Evans (2011) dual-process theory distinguishes between type 1 mental processes, which are intuitive, fast and largely automatic, and the slower, reflexive, analytical and cognitive processes of type 2, which also utilize working memory, as well as Kahnemann’s (2011) description of the two modes of “thinking, fast and slow.” It has also been pointed out in classical cognitive psychology (Paivio, 1971; Lang, 1979; Tulving, 1985), with reference to hypnosis also by Kihlstrom (1987) or more recently by Landry et al. (2014) that there are different forms of encoding information. Put simply, verbally encoded information corresponds to narrative memory, i.e., the content of declarative memory or explicit knowledge (“factual knowledge”). This initially appears to be one domain of cognitive behavior therapy, not so much that of hypnotherapy. But verbally encoded information can also be non-conscious, can be subject to all forms of cognitive distortion or can be state- and context-dependent; in this case, re-experiencing the corresponding original psychophysiological state in hypnosis is a way of uncovering deeply rooted beliefs and changing them with the help of associative-divergent thinking. Many personal and especially problematic or traumatic experiences are not verbally coded, but are stored directly in episodic and/or procedural memory stores (“experiential knowledge” and “body memory” or “embodied”) and therefore have an influence on a patient’s symptoms. Although the aim of other methods such as psychoanalysis (e.g., by free association) or cognitive behavioral therapy (e.g., by Socratic dialogue) is to make the patient understand such connections and thereby resolve symptoms, hypnosis makes it easier to access these memories and accelerates this process. One possible explanation for this is that the induction of a hypnotic trance favors a state of sensory deprivation and motor restriction (Peter, 1994, 2023e),1 which constricts general attention and peripheral awareness and focuses on the essential content of the suggestions. This makes it easier to address these other functional units of perception and consciousness, which are only active in the background or subliminal in the usual patterns of everyday consciousness, i.e., unnoticed or “unconscious.”

Another classic example, which differs significantly from the above-mentioned “Anna O.,” was described by Janet (1889) with his patient Marie. In a hypnotic trance, he initially led her back to the experience of symptom genesis. However, instead of merely reporting the traumatic situation and allowing the affect to be reacted to, as with Breuer and Freud (1895), he enabled the patient to experience new representations of parts of her past quite vividly and evidently in hypnotic age regression:


“At the age of 13 Marie had had her first menstruation, but because of some childish notion or something she had heard and misunderstood, she thought it was something shameful, and she devised a means of stopping the bleeding as quickly as possible. About 20 hours after the bleeding started, she secretly went out and sat in a large bucket of cold water. The success was complete; the menstruation suddenly stopped and although she got severe chills, she was just able to manage the journey home. She was ill for quite a long time and was delirious for several days. But everything got back on track and menstruation did not return until five years later. When it came again, it brought the disorders with it [namely pain, nervous cramps, trembling all over the body and then long and severe delirium]. […] But as I now had more time at my disposal, I tried again; I only succeeded by an unusual means. It was necessary to restore Marie by suggestion to the age of 13, to bring her back to the initial circumstances of the delirium, to convince her that the menstruation had already lasted three days and had not been interrupted by any unfortunate event. As soon as this was done, the following menstruation occurred at the proper time and lasted for three days without any pain, cramps or delirium.” (Janet, 1889, p. 435)
 

Similar cases of such “reconstructions of the past” carried out under hypnosis can be found in Wolberg (1948), Erickson and Rossi (1989) or Peter (2023b). In contrast to a naïve interpretation of the supposedly omnipotent helpful possibilities of the unconscious, as can be found in hypnotic lay healers, these hypnotherapists used their therapeutic expertise acquired through study and training to convey new information to their patients and actively help them to have new experiences. In such and similar cases, the hypnotic trance has the function of giving these new experiences the character of reality, i.e., making them evident in the form of hallucinations or illusions (Peter, 2015a,b). With reference to Janet (1894), but without inducing a hypnotic trance, i.e., as a purely imaginative procedure, cognitive behavior therapy has adopted this technique as “imagery rescripting” (Arntz, 2011).2

The realization that the experience of reality is heightened in hypnosis and that it is therefore not possible to distinguish within the hypnotic context whether the experience of past events is actually “recovered” memories (bottom-up) or only suggested “false” memories (top-down) would have helped in the 1990s not only to avoid the nonsensical dispute that had been carried out mainly between many trauma therapists and researchers (Yapko, 1994a) and had lasted for a long time (Patihis et al., 2014), but also the suffering brought to many families by allegations of sexual abuse supposedly „uncovered” in trauma therapies (Yapko, 1994b; Brown et al., 1998). The possibility of paramnestic phenomena such as suggested pseudo-memories is precisely the prerequisite for new constructions (of parts) of the past in hypnosis. However, this can lead to false accusations if real third parties are involved and it actually led to the „war of rememberance” (Fried, 1994). This topic has been intensively researched in those years (e.g., Loftus, 1997).



2.3 Hypnosis and imagination

Mesmer’s attempt to have his discoveries scientifically evaluated in Paris in 1784 ended with the expert opinions of two scientific commissions stating that the phenomena exhibited by his patients were due to imagination, not to the workings of the animal magnetism he postulated: “The violent symptoms observed in the public exhibition are to be ascribed to […] the imagination called into action” (Franklin et al., 1784, p. 126). So, if magnetism was not needed at all back then, but imagination was sufficient to show the magnetic phenomena, is hypnosis as a “special state of consciousness” necessary today to show hypnotic phenomena, as the group of consciousness researchers around Hilgard (1977) have tried to prove, or is imagination really enough on its own? This was obviously the opinion of the American hypnosis researcher Theodore X. Barber who only wrote the word “hypnosis” in quotation marks from the 1960s onwards. With his book “Hypnosis: A scientific approach” (Barber, 1969), he laid the foundation for an entire generation of researchers who were no longer concerned with the intrapsychic variable of a state of consciousness altered by hypnosis—and certainly not with “the unconscious”—but with complex socio-psychological and socio-cognitive variables such as social interaction, role enactment, attitude, motivation or expectation (e.g., Barber and Calverley, 1962; Coe, 1966; Kirsch, 1985; Spanos, 1991). Consequently, he left it open whether at the beginning of his “Creative Imagination Scale” (CIS) (Wilson and Barber, 1978), with which he tested the suggestibility of his subjects, a classic hypnosis induction was presented as in the traditional Stanford or Harvard scales of hypnotic susceptibility (SSHS; HGSHS) (Weitzenhoffer and Hilgard, 1959; Shor and Orne, 1962) or only a short text such as the following: “These are all tests of imagination. The better you can imagine and the harder you try, the more you’ll respond. Try as hard as you can to concentrate, and to imagine the things I tell you” (Barber and Glass, 1962). The subsequent test items refer to the same hypnotic phenomena as in the Stanford and Harvard scales (Peter, 2024). Barber and his successors thus demonstrated that a “hypnotic” state is not required to show “hypnotic” phenomena. But why do we still need hypnosis if “guided imagining” (Barber and Wilson, 1979) is sufficient?

It is obvious that imagination plays a major role in hypnosis (Wilson and Barber, 1982; Kunzendorf et al., 1996), but the relationship is complex (Sheehan, 1979; Sheehan, 1995): There are for example highly hypnotizable people who cannot imagine at all, and there are people with strong imaginative abilities who have little or no hypnotizability. For example, there is a group of highly hypnotizables who are not characterized by rich imaginative activity in a hypnotic trance, but rather by a great tendency to dissociate (Barrett, 1996; Terhune et al., 2010; Peter et al., 2014). The latter tend to be regarded as difficult patients in therapy—they are often the more vulnerable or even traumatized. The highly imaginative, on the other hand, are usually perceived as easily hypnotizable, cognitively flexible and creative. In addition, there is now also neurophysiological evidence (Oakley and Halligan, 2013) “that mental representations that are produced by voluntary acts of imagination are different from those resulting from hypnotic suggestion [… i.e. …] responses to hypnotic suggestions among highly suggestible individuals are independent of imagery and imagination” (Terhune and Oakley, 2020, p. 722). Moreover, McConkey et al. (1979) and Laidlaw and Large (1997) found that the CIS correlates well with the HGSHS, but that the two tests are independent of each other in their underlying dimensions.

Nevertheless, if the “induction of a hypnotic state” is not considered necessary, but the “instruction to imagine” should be sufficient, then in the sense of T.X. Barber, “hypnotic” imagination is a suitable instrument for behavior therapy, especially after its “cognitive turn.” It is therefore not surprising that many works on this topic were published between the 1970s and 1990s, e.g., by Clarke and Jackson (1983), Dengrove (1976) or Peter et al. (1991). Before that, however, Cautela (1966a,b) had pointed out that systematic desensitization had nothing to do with hypnosis, and another “father of behavior therapy,” Joseph Wolpe (1996), candidly described his development away from hypnosis towards behavior therapy. Weitzenhoffer (1972) compared behavioral and hypnotherapeutic techniques, Lazarus (1973) considered hypnosis as a facilitator in behavior therapy, Spanos (1976) described the “common denominators” of the two methods, Ascher (1977) “the role of hypnosis in behavior therapy,” Kraiker (1985) “cognitive models of hypnotic phenomena” and “The birth of behavioral therapy from the spirit of hypnosis” (Kraiker, 1987), Peter (1992) the many, purely behavioral exposure therapies of Erickson, and Spinhoven (1987) and Humphreys (1986) carried out extensive reviews—to name just a few of the numerous works that linked hypnosis with behavior therapy. Kirsch et al. (1995) conducted the first large meta-analysis for this period (1971–1993) and found that cognitive-behavior therapy treatments in which hypnosis was used additionally showed an effect size almost twice as high as cognitive-behavior therapy treatments without hypnosis. Ramondo et al. (2021) carried out an update after 25 years and were able to replicate the results: Hypnosis increases and prolongs treatment outcomes of cognitive-behavior therapy.

Cognitive behavior therapy has evolved and now makes extensive use of imaginative techniques, without referring to them as “hypnotic,” either with or without inverted commas. Imagination is one of the two techniques with which Wolpe (1961) introduced systematic desensitization at the beginning of behavior therapy. The other technique is progressive muscle relaxation (Jacobson, 1929), which he found more suitable than hypnosis (Wolpe, 1996). The advantage of both techniques, imagination and muscle relaxation, is obvious: they can be carried out arbitrarily and can therefore be taught by instruction. They do not aim to induce a “different,” i.e., hypnotic, state of consciousness in order to suggest involuntary behavior or even the illusion or hallucination of an “alternative reality” (Peter, 2015b); they can therefore neglect the patient variable of hypnotizability (see below) and can therefore be used with significantly more patients than the original suggestive-hypnotic techniques. The adjective “hypnotic” can also be avoided, which is an advantage because of the negative connotation it still has for some—but regrettable for other patients because the expectation effect it creates cannot be utilized (Kirsch, 1985). After all, one of the starting points for the above-mentioned meta-analysis by Kirsch was the following consideration:


“Typical hypnotic inductions closely resemble conventional relaxation training. In fact, all that is needed to convert relaxation training into a hypnotic induction is the addition of the word hypnosis. Instead of saying ‘more and more deeply relaxed,’ the therapist says ‘more and more deeply hypnotised.’ Because relaxation training is a frequent component of behaviour therapy, the addition of hypnosis to behavior therapy may consist of little more that the use of the word ‘hypnosis.’” (Kirsch et al., 1995, p. 215)
 

Gandhi and Oakley (2005) were able to show 10 years later that it definitely makes a difference whether one uses the word “hypnosis” instead of the word “relaxation.” One can only speculate about the reasons for this systematic ignorance of hypnosis in today’s main-stream therapy which is cognitive behavior therapy. One of the reasons could be: Hypnosis fundamentally does not fit into the epistemology of cognitive behavior therapy, which is committed to enlightenment (Peter, 2023a) and does not refer to proto-therapeutic rituals such as exorcism or mesmerism, but emerged in the context of 20th century science.



2.4 Hypnosis and relaxation

Physical relaxation is often part of the ritual to induce hypnosis. The individual test items of the classic Stanford and Harvard hypnotizability scales, for example, are preceded by a hypnosis induction lasting around 20 min, which aims to induce a kind of sleep state via relaxation suggestions, which is then defined as hypnosis, e.g.: “I am about to give you some instructions that will help you to relax and gradually to enter a state of hypnosis. […] You are going to get much more drowsy and sleepy. Soon you will be deeply asleep […]” (Shor and Orne, 1962, p. 6). The reference to sleep has historical reasons. Since the terms “artificial Somanmbulism” (artificially induced sleepwaking) in the Romantic period and Braid’s (1843) “Neurypnology” (neurological sleep), the word “hypnosis” (Greek: sleep) has become established and has often had to be explained, e.g., that it has nothing to do with natural sleep (Evans, 1972).3 Nevertheless, the induction of good muscular relaxation makes perfect sense for a state of hypnosis, as it enables a reduction in muscular holding tension and thus the dissolution of the body ego, the “minimal phenomenal selfhood” (Blanke and Metzinger, 2009) as an introduction to the experience of what Weitzenhoffer (1974) called the “classic suggestion effect”: as long as someone has the experience of (healthy) bodily autonomy and experiences that he/she can raise his/her hand voluntarily as a physically active subject or “Ego,” he/she will not experience this as “hypnotic”—in contrast to the experience of involuntariness, i.e., that the hand raises by itself, although the body “Ego” is no longer consciously perceived. In the first case, the person follows an “instruction,” in the second case the person responds to a “suggestion” (Peter, 1996). Similar to this distinction between an arbitrary and involuntary motor response (Peter et al., 2012), a distinction can be made between voluntary imagination and hypnotic illusion or hallucination: As long as someone deliberately imagines what is suggested during a guided imagination and is aware that he/she is following the suggestions—and can decide in mental autonomy whether he/she wants to do so—it is called an imagination. However, as soon as the sense of agency (SoA) (Polito et al., 2014; Haggard, 2017), i.e., the sense of self, recedes and a person stops actively and arbitrarily imagining something, but only passively, involuntarily and uncritically sees, hears or feels what another person “suggests” (in the Latin sense of “slide underneath,” see above), the imagination becomes a hypnotic hallucination experienced as evident. Understood in this sense, hypnosis can therefore be defined as follows:


“Hypnosis can be defined as the art of creating an alternative reality by imagination, which, ideally, should be experienced like a hallucination or illusion. […] The more intense and real (evident) this alternative reality feels and the more it is experienced in form of hypnotic phenomena (i.e., hallucinations, illusions, and involuntary responses), the more likely normal reality is dismissed or dissociated, partially or as a whole, during the time of the trance state; and the more likely therapeutically relevant features of this alternative reality will eventually be implemented in everyday life. In that way, hypnotised patients can better tolerate aversive medical procedures, or, in the course of a hypnotherapy, can change their feelings, cognitions, and behavior.” (Peter, 2015b, p. 458)
 

A non-judgemental, involuntary acceptance of suggestions has always been regarded as a hallmark of hypnosis, but has often also been seen as a negative characteristic, namely a loss of control. Whether such a suggestive-hypnotically induced loss of control is also possible in normal everyday life, whether the hypnotized person is then helplessly at the mercy of the hypnotist, was extensively discussed in the 19th century (Liégeois, 1884) and repeatedly discussed thereafter (e.g., Barber, 1961; Orne and Evans, 1965; Peter, 2015c), but rather outside the psychotherapeutic and medical context. Within this therapeutic context, however, it can be helpful or even necessary for a patient to leave the psychopathological parts of their neurotic or psychosomatic “everyday personality” in order to gain new perspectives and have new emotional experiences, and thus temporarily allow a kind of “alien control.” In classical suggestive hypnosis, this was exclusively the therapeutic expertise of the psychotherapist, until within the framework of Milton H. Erickson’s hypnotherapy approach (Beahrs, 1977; Short, 2021), the old Romantic concept of the “unconscious” was reactivated as a metaphor for the patient’s positive unconscious resources, this time, however, not as a trans-personal concept as in German Romanticism at the beginning of the 19th century, but—in keeping with the times of humanism at the end of the 20th century—as an inter-personal “therapeutic tertium” (Peter, 2002).



2.5 Is there a special state of hypnosis or not?

Engaging with the positive experiences and the knowledge of the “unconscious” requires letting the everyday ego rest and not using its usual functions. Among hypnotherapists, this is usually referred to as conscious-unconscious dissociation, a key concept that Milton H. Erickson also advocated:


“Deep hypnosis is the level of hypnosis that permits subjects to function adequately and directly at an unconscious level of awareness without interference of the conscious mind.” (Erickson, 1952, p. 146, italics in original)
 

Dissociation refers to a basic and one of the oldest concepts in the history of hypnosis: In states of trance, after rituals of exorcism (Gaßner, 1774), animal magnetism (Mesmer, 1775), romantic somnambulism (Puységur, 1784) and finally hypnosis (Braid, 1843), people have always felt more or less clearly “dissociated” from aspects of their everyday personality and have accordingly also behaved more or less “dissociated.”

Formally, dissociation is understood as the separation or splitting off of psychic functions such as thoughts, feelings and experiences (and the associated behavior) that are normally experienced as belonging together or are integrated in the stream of consciousness. They define the physical and mental autonomy of a (healthy) individual. Uncontrolled, severe forms of dissociation are found in mental disorders (Kihlstrom et al., 1994); in a controlled form, dissociation represents the experience of hypnosis and hypnotic phenomena. Hypnotic phenomena correspond to psychopathological symptoms in phenomenological terms (cf., Gruzelier et al., 2004), but differ from them essentially in that they are communicable and therefore controllable (Peter, 2023d).4

The phenomenon of dissociation was already described by Janet (1889) as desaggregation and further differentiated by Hilgard (1977) in his neo-dissociation theory as the splitting of ego functions, as well as by others who followed him (e.g., Bowers, 1991; Woody and Bowers, 1994; Jamieson and Woody, 2007). Since then, dissociation has been the basic concept of theories postulating hypnosis as a particular non-ordinary state of consciousness and, as illustrated, has been vigorously attacked by the sociocognitive non-state theorists (e.g., Barber and Wilson, 1977). The extent to which people can experience dissociation in the form of communicable and controllable hypnotic phenomena varies widely between individuals and is usually referred to as hypnotizability. This will be discussed in more detail below.

The following section presents experimental findings that support the hypothesis of hypnosis as a special state of consciousness.5 However, they were only obtained from highly hypnotizable persons, because only they are capable of this, not the low-hypnotizables. McGeown et al. (2009) and Mazzoni et al. (2013) showed that hypnosis induction had significant subjective effects with regard to visual hallucinations, but only a small effect on objective reactions; the decisive factor for the objective reaction was hypnotizability. Nevertheless, the authors emphasize the role of hypnosis induction: it helps highly suggestible persons to better focus their attention and cognitive resources on the respective hypnotic task. However, the significant factor in the study of Mazzoni et al. (2013) was a “hidden” special experimental condition with which the authors were able to prove that there is actually a special state of consciousness that could be assigned to hypnosis. The previously notorious non-state theorist Irving Kirsch could not help but “to reconsider my position on the altered state issue” (Kirsch, 2011, p. 355). The highly suggestible6 subjects not only reported that they felt hypnotized after a hypnosis induction, but they also demonstrated the effect of the induction neuro-physiologically: During the rest periods between the hallucination tasks, they showed reduced activity of medio-prefrontal parts of the default mode network (DMN) (Raichle, 2015).7 This deactivation of the DMN correlated both with the subjectively perceived depth of hypnosis and with the clarity of the visual hallucinations: the lower the activity in the DMN, the deeper the subjects felt in hypnosis and the more clearly they perceived the positive or negative hallucinations (during the visual test tasks). The low-suggestible subjects, on the other hand, did not show this deactivation in the DMN but in the thalamus, which indicates that they were simply relaxing. This deactivation of the DMN in the highly suggestible subjects after a hypnosis induction, which was also found in other hypnosis studies, for example by Deeley et al. (2012) or McGeown et al. (2015), could now be interpreted as a signature of the hypnotic state, because it “creates a distinctive and unique pattern of brain activation in highly suggestible subjects that is different from those observed in low suggestible people” (Mazzoni et al., 2013, p. 405).

These results were confirmed by Jiang et al. (2017), who found reduced coupling between the dorsolateral prefrontal cortex (DLPC), which is part of the executive network, and parts of the parietal parts of the DMN, the posterior cingulum (PCC): “This reinforces the notion of hypnosis as a different state of consciousness rather than a reduced level of arousal” (Jiang et al., 2017, p. 4091). These DMN results confirm the hypo-frontality hypothesis (Dietrich, 2003). The reduced activity of the DMN could be interpreted that during hypnosis, those cognitive activities that deal with self-referential considerations about oneself and with evaluative examination of the self-image are omitted in highly hypnotizable people. This deactivation especially of the medio-frontal DMN in particular would make the reduction in empathy understandable (cf. Damasio, 1994), which would explain the socially unacceptable behavior in stage hypnosis (Parris, 2016). “This means that the hypnotized person experiences a reduced representation of the everyday ego as well as an altered body representation and is focused with their attention exclusively on suggestions or ideas and not just relaxed and sleepy” (Revenstorf, 2023, p. 44). However, this “reduced representation of the everyday ego” is only one of the possible interpretations of the DMN results. Another interpretation states that the DMN reduction indicates that the subjects interpreted the hypnosis situation as a goal-oriented task of normal everyday life:


“Decreases in default-mode activity are associated with increased goal-directed activity in everyday life and are therefore also consistent with our hypothesis that goal-directed, strategic, and possibly nonconscious mental activity can play a role in hypnotic responding, much as it does on a day-to-day basis.” (Lynn et al., 2015, p. 322, italics added)
 

However, this acknowledgement to a “non-conscious mental activity” can in turn be understood in the sense of a reduced activity of the everyday ego and would then again be in line with the hypo-frontality thesis. With the reduced activity of the DMN, an objective correlate for hypnosis would be given, which, however, requires high hypnotizability as a special intra-personal characteristic and is therefore only applicable to the highly hypnotizable, i.e., to about a quarter to a maximum of a third of the patients or probands. Hypnotizability in these individuals is obviously related to a special, neuro-physiologically detectable state of consciousness during hypnosis (see also Kallio and Revonsuo, 2003).

The reported brain imaging studies were conducted on the basis of sensory, especially visual phenomena, which are interesting in themselves (cf. also Kosslyn et al., 2000). Even without a relationship to the DMN, changes in the brain have also been demonstrated for acoustic (Szechtman et al., 1998) and motor phenomena (e.g., Cojan et al., 2009; Pyka et al., 2011; Burgmer et al., 2013), which make the decoupling or disconnection of brain areas that normally, i.e., without hypnosis, interact visible. These studies confirm the dissociation theories of hypnosis. The changes in the brain caused by hypnosis have also been demonstrated using event-related brain potentials, e.g., for the most important sensory-affective phenomena such as analgesia (as a kind of negative kinesthetic hallucination) (Miltner and Weiss, 2007; Franz et al., 2024), for negative acoustic (Franz et al., 2020) and for negative visual (Franz et al., 2021) hallucinations, as well as for purely cognitive phenomena such as post-hypnotic suggestions (Zahedi et al., 2020; 2023b).

These studies also show that hypnotic phenomena are based on top-down regulations that are able to overwrite bottom-up signals of current sensory input (Landry et al., 2017; Terhune et al., 2017), but only in high hypnotizables. This may lead to a shift from left-hemispheric to right-hemispheric processes—again, only in high, not in low hypnotizables—as pointed out by Gruzelier (2004) and confirmed by Naish (2010) or Lanfranco et al. (2021). It remains to be seen how much enlightenment the latest hypnosis theory by Martin and Pacherie (2019) and Zahedi et al. (2023a), which is based on the predictive coding model of Friston (2018), will provide.



2.6 Hypnotizability

People experience the two criteria of hypnosis, involuntariness and evidence (Peter, 2015b), to varying degrees; involuntariness and evidence define the change in the sense of agency (SoA) that determines the subjective experience of hypnosis. The more or less pronounced intra-psychic ability to do this is referred to here as hypnotizability.

Mesmer’s predecessor Gassner (Peter, 2005), Mesmer himself and many of his successors in the history of hypnosis already described differences in their patients’ ability to follow the given suggestions (Peter, 2024). Hypnotic receptivity, hypnotic suggestibility or hypnotizability has been systematically researched since Hull (1933) and Hilgard (1965). It is a personal characteristic that remains stable over the lifespan (Morgan et al., 1974). Whether the normal distribution (10–25% highly hypnotizable, 10–25% low hypnotizable and the rest more or less hypnotizable) found in numerous studies, predominantly on student populations, is representative of the general population has yet to be proven (Peter and Roberts, 2022). For example, when using a shortened version of the HGSHS-5:G (Riegel et al., 2021), which comprises only 5 instead of the 12 items of the HGSHS:A (Shor and Orne, 1962) and thus appears to be significantly shorter and much more suitable for clinical studies, skewed score distributions were observed: a right skew (more high hypnotizables) in participants of a hypnosis congress (Wolf et al., 2022), and a left skew (fewer high hypnotizables) in patients. These results are analyzed in more detail in another article in this Research Topic (Zech et al., 2024). Correlations with other personality traits are uncertain. However, “hypnophilic” people, i.e., people who are generally interested in hypnosis, show high levels of the schizotypal personality style, the more so the more hypnotizable they are (see also Jamieson and Gruzelier, 2001). A whole series of studies indicate that we can speak of a homo hypnoticus in this context (Peter et al., 2014; Peter and Böbel, 2020; Wolf et al., 2022; Peter and Wolf, 2023).

Hypnotizability usually is tested after a hypnosis induction by presenting hypnotic phenomena of varying difficulty. Phenomenologically, the hypnotic phenomena can be categorized into four groups (Peter, 2023d):

1. The direct motor-kinesthetic phenomena, which are based on the relaxation of the musculature such as lowering the head or outstretched arm, can be realized by almost all people. More difficult are the active motor-kinesthetic phenomena that require an involuntary increase in muscle tone, such as arm levitation (Blakemore et al., 2003; Peter et al., 2012, 2013). And even more difficult, i.e., realizable by even fewer people, are the motor “challenge” phenomena when it is suggested that, for example, an outstretched arm can no longer be bent arbitrarily or a hand resting in the lap can no more be lifted (Cojan et al., 2009; Pyka et al., 2011). The criterion of sense of agency (SoA) plays a decisive role in involuntariness, because authorship also means in particular being able to use one’s own skeletal muscles voluntarily.

2. The criterion of evidence is important for sensory-affective phenomena. These affect all five senses and should be experienced as evidently as possible, i.e., in the sense of positive or negative visual (Kosslyn et al., 2000), acoustic (Szechtman et al., 1998), kinesthetic (proprio- and interoceptive) (Rainville et al., 1997; Derbyshire et al., 2004; Raij et al., 2005), olfactory or gustatory hallucinations or illusions.

3. Purely cognitive phenomena refer to amnesic phenomena and posthypnotic suggestions (Kihlstrom, 2021; Zahedi et al., 2023a). (Usually the sensory-affective phenomena are not presented separately, but as a common group with the cognitive phenomena.8)

4. Sense of agency (SoA) as well as involuntariness and evidence are particularly relevant for identity delusions, which are not included in the known hypnotizability scales, presumably because they are only mastered by very few highly hypnotizable people, so-called hypnotic virtuosi, and could be dangerous for vulnerable people (Revenstorf and Peter, 2023). They concern more serious changes in the “ego” identity, i.e., modelling psychotic or neurological disorders, but are definitely shown in stage hypnosis, which sometimes leads to serious problems (e.g., Kleinhauz et al., 1984; Gruzelier, 2004). These phenomena have been systematically investigated by an Australian research group (e.g., Connors et al., 2015; Coltheart et al., 2018).

Around 80–90% of a sample can successfully master the motor-kinesthetic test items, only 10–20% can demonstrate the cognitive phenomena, even fewer the identity delusions, and the remainder respond more or less well to the sensory-affective phenomena. According to the number of tasks solved, they are usually divided into low, medium and high hypnotizables. The classic hypnotizability tests use dichotomous scoring based on the criteria of involuntariness and evidence (e.g., the hand must have actually lifted during the arm levitation, imagination alone is not sufficient). The more recent Elkins Hypnotizability Scale (EHS) (Elkins, 2017), on the other hand, allows a more differentiated assessment by not requiring the criteria of involuntariness and evidence to be absolute, but also accepts imaginative representations of the tasks, but scores them lower. Another advantage of the EHS is that, at approx. 30 min, it requires only half as much time as the classic Stanford and Harvard scales (SSHS, Weitzenhoffer and Hilgard, 1959; HGSHS, Shor and Orne, 1962).

Analogous to the scientific discourse on the question of whether hypnosis is a special state of consciousness or merely the result of culturally shaped social interaction, a series of studies were conducted in the 1980s and 1990s on the question of whether hypnotizability is actually a stable, genetically determined trait (Morgan, 1973) or whether it can also be trained as a normal human ability, as Spanos et al. (1983) attempted to prove. Today, the result of these studies can probably be summarized as follows: hypnosis training certainly helps those with low hypnotizability, but is of no benefit to those with high hypnotizability, as reconfirmed by Rasch and Cordi (2023, this issue).

Hypnotizability is a patient variable that is unique to measure in psychotherapy, as there are no indication instruments for other psychotherapeutic procedures such as psychoanalysis or behavioural therapy. Analogous to the classical pharmacology model, it was long assumed in psychotherapy that a particular psychotherapeutic procedure was equally effective for all patients. This attitude is about to change in general psychotherapy (cf. e.g., Beutler et al., 2016; Heinonen et al., 2022), but has also only been partially taken into account in hypnosis. In experimental hypnosis research, the measurement of hypnotizability is standard, because only in this way can the suggested effects be related back to hypnosis under controlled conditions. In clinical research, on the other hand, and even more so in hypnotherapeutic practice, such measurements are usually neglected. In an international survey of professionals using clinical hypnosis, only 26.6% rated hypnotizability as “important or extremely important for therapeutic success” (Palsson et al., 2023, p. 104). The reason often given is that this measurement could be an additional burden for the patients or that it would contribute little to the clarification of variance anyway. In a first meta-analysis of studies on hypnotic analgesia, Montgomery et al. (2000), for example, found a significant correlation between hypnotizability and effect (effect sizes for high-hypnotizables d = 1.22, for medium-hypnotizables d = 0.64, for low-hypnotizables d = 0.10). However, Montgomery et al. (2011) relativized these impressive figures in a later meta-analysis of randomized clinical trials (RCT): although there was a significant relationship between hypnotizability and treatment effect, hypnotizability only contributed 6% to the variance explanation. However, of the 10 studies included, only three related to mental disorders, and with small numbers of patients (N = 32, 20 and 24) in the hypnosis groups. In general, this sheds light on the still precarious situation of psychotherapy-relevant hypnosis research, but also calls into question the authors’ conclusion, which some clinical hypnosis researchers refer to when they claim that hypnotizability does not need to be measured: “The results […] raise the question of the overall utility of assessing hypnotic suggestibility in clinical settings” (Montgomery et al., 2011, p. 303). The conclusion should rather be: There is a need for (1) considerably more psychotherapy-relevant studies that (2) meet today’s standard RCT criteria and (3) have such large numbers of patients that the patient variable hypnotizability becomes visible as a moderator alongside the many other therapy variables. In the most recent RCT by Fuhr et al. (2021) with certainly more patients (n = 78 and 74), hypnotizability was measured but unfortunately not related to the effect of the hypnotherapy used for depression [which was as good as the gold standard treatment for depression, cognitive behavior therapy, which was still evident after three and a half years (Fuhr et al., 2023b)]. The most recent study by this research group (Fuhr et al., 2023a, this issue), on the other hand, had far too few patients to meaningfully measure hypnotizability. Due to a lack of data, hypnotizability was unfortunately also not taken into account in the meta-analysis by Milling et al. (2019), in which a mean weighted effect size of 0.71 was found in 13 studies on the treatment of depression with hypnosis, suggesting that the average participant receiving hypnosis showed more improvement than about 76% of control participants.

Until new meaningful studies are available, psychotherapists working with hypnosis can only report from their subjective experience that the hypnotizability of their patients in the course and outcome of hypnotherapy is of relevance that should not be underestimated, because it brings real benefit for many of those who are moderately hypnotizable, but above all for those who are highly hypnotizable.

However, hypnotizability plays a significant role not only within hypnotherapy, for example in the proven functional equivalence between imagination (i.e., hallucination) and perception in highly hypnotizable individuals (Santarcangelo et al., 2010; Ibáñez-Marcelo et al., 2019). According to Malloggi and Santarcangelo (2023), this functional equivalence could also lead to better results of imagination training in neurological patients. According to these authors, the special type of information processing of the highly hypnotizable could also result in greater resilience to brain injuries; their more adaptive cardio- and cerebrovascular functions could predict a lower susceptibility to vascular events and enable the personalization of pharmacological pain therapies.




3 Hypnosis in medicine

The therapist variable “hypnotization ability,” i.e., the ability to induce hypnosis convincingly and to work with explicit hypnotic phenomena, has not yet been researched at all. This is especially true also for the application in medicine, all the more so as communicative and interactional techniques and strategies are rarely part of the medical training, but are essential how the doctors talk to their patients. Especially if one does not want to carry out explicit and time-consuming hypnosis inductions in medicine, but rather strives for a broad use of special “hypnotic” or “suggestive” communication and interventions, e.g., the suggestion of a dissociation to a safe place and the reframing of disturbing noises for surgery under local or regional anesthesia, it is important to offer this to all patients without pre-testing, even if the effect may vary. In this sense, “hypnosis” is becoming increasingly important in medicine.

Generally, the hypnosis research situation in medicine is better than in hypnotherapy. The current scoping review by Hagl (2023a), for example, lists 11 RCTs on acute medical interventions for the year 2022; among the 14 RCTs on chronic complaints, only five RCTs relate to psychological complaints or behavioral problems (test anxiety, smoking cessation, withdrawal symptoms, obesity), while the remaining nine relate to purely medical problems. Here, relatively short interventions (up to three sessions) were often used or even just audios for self-hypnosis without therapeutic contact. The detailed meta-analysis by Rosendahl et al. (2023) over the last 20 years confirms this impression. It is obvious that the time, personnel and financial costs involved in medical hypnosis examinations are much more manageable and the examination conditions much easier to control than in psychotherapeutic ones.

The classic and probably best-researched area of application for medical hypnosis is pain. Before the introduction of ether in 1846 and chloroform in 1847, the proto-form of hypnosis, mesmerism, had already been described in detail as a successful technique by Elliotson (1843) and Esdaile (1846), but was only intensively researched more than 100 years later by Ernest R. Hilgard and others (Hilgard and Hilgard, 1975). Even today, hypnosis is still an important field of application for pain therapy (Erickson, 1967; Jensen, 2011; Peter, 2019), which is reflected in scoping reviews (Pathak et al., 2020) and meta-analyses (Montgomery et al., 2000; Thompson et al., 2019; Milling et al., 2021; Merz et al., 2022). Hypnosis (Häuser et al., 2016) or therapeutic communication based on hypnotic principles can also be effective during unpleasant medical procedures. The extensive research by Elvira Lang (e.g., Lang et al., 1996, 2021) or Elisabeth Faymonville (e.g., Faymonville et al., 1997, 1999) and Ernil Hansen (e.g., Hansen et al., 2023) has become well known in this regard. The most recent meta-analysis by Holler et al. (2021) about hypnosis in adults undergoing surgical procedures also confirms the positive effects of hypnosis. The studies confirm the practical experience in everyday clinical practice:


“The adjunctive use of hypnosis before, during or after a surgical or diagnostic procedure with local or general anesthesia reduces both the emotional stress of the procedure and the associated pain. It also reduces the use of medication and shortens the duration of surgery and convalescence, in each case with small to medium effects over and above standard medical treatment.” (Hagl, 2023b, p. 756 f)
 

A cost analysis also shows a considerable savings potential through the adjunctive use of hypnosis: “the cost associated with standard [i.e., intravenous conscious] sedation during a procedure was $638, compared with $300 for sedation with adjunct hypnosis, which resulted in a savings of $338 per case with hypnosis” (Lang and Rosen, 2002, p. 375).

In any case, the success of hypnotic interventions in medical contexts has been well established by a number of meta-analyses (summarized in Hansen, 2023b). Hypnosis is also used in dentistry (Schmierer and Wolf, 2023) or in obstetrics (Hüsken-Janßen and Fisch, 2023). Franch et al. (2023) showed by a systematic review that hypnosis improves symptoms caused by oncological interventions and the disease itself when used by qualified professionals as an adjuvant to well-established treatments.

An extreme example of how successfully hypnotherapeutic interventions and communication can be used in surgical procedures under local or regional anesthesia, i.e., with the patient awake, is awake craniotomies, where the patient must be awake at least temporarily during brain surgery for intraoperative testing. While the standard procedure for deep brain stimulation or resection of a tumor in the vicinity of eloquent brain areas is an alternating sequence of anesthesia or deep sedation with awake phases (sleep-awake-sleep-technique), patient can stand these operations of 5–6 h by means of hypnotic communication without anesthetics with the according advantages under active participation (Hansen et al., 2013; Zech et al., 2018). EEG changes measured with a monitor for anesthetic depth have been documented like they are observed during pharmacological sedation or after inductions of hypnosis (Zech et al., 2023). Since hypnotic communication routinely works in this indication to avoid and to largely dispense analgesics, a muscle biopsy or tooth extraction should not pose a problem. Meanwhile also use of classical hypnosis has been reported in this indication (Frati et al., 2019).

There are many obstacles on the path of hypnosis back into medicine, some of which stem from the different paths the two have taken. Hansen (2023a) has analyzed the difficulties and made suggestions for overcoming them: Supported by well-designed studies, a more rigorous scientific evidence-base is needed. Hypnosis should be represented in publications in recognized medical journals with high impact and accessibility, in medical congresses discussing clinical care, and in treatment guidelines. In addition to being an exceptional treatment for selected patients, hypnosis in medicine could allow better care for all patients in everyday health care.


3.1 Is hypnosis induction necessary for medical applications?

Despite the obvious advantages, hypnosis has not been—and is still not used enough in medicine. We can only speculate about the reasons for this. One of these reasons is certainly a very pragmatic one, namely the duration of hypnosis inductions. These take time, which is generally not available in everyday medical practice. The induction suggestions in the classic hypnotizability scales, for example, last up to 20 min. For most people, this is the usual amount of time for profound physical relaxation so that, ideally, their body ego, their “minimal phenomenal selfhood” (Blanke and Metzinger, 2009), can dissolve and, as a result, their sense of agency (SoA) can change. This changes the usual everyday consciousness with its evaluative, task- or ego-centered orientation and creates focused attention, which is a prerequisite for uncritically accepting suggestions. This can easily be done in a psychotherapeutic practice. But does this also apply to medical contexts? Elvira Lang, Marie-Elisabeth Faymonville and Ernil Hansen have shown that good effects can also be achieved without prior explicit hypnosis induction. Recalling the article “Importance of recognizing that surgical patients behave as though hypnotized” by the American gynecologist Cheek (1962a)—who, incidentally, was the first to report on “unconscious perception of meaningful sounds during surgical anesthesia as revealed under hypnosis” (Cheek, 1959)—Ernil Hansen assumes that no explicit induction of hypnosis is necessary for doctors, let alone in hospitals, because patients in such situations are already in an altered state of consciousness that is similar or identical to the hypnotic “trance.” Firstly, trance is regarded, e.g., by Hansen and Zech (2019) as a natural ability of every human being, which occurs spontaneously as a “natural trance” in a regular (ultradian) rhythm (Rossi, 1991). Secondly, the ability to trance is seen as a biological emergency and protective reaction that enables the organism to access physiological functions anchored in the unconscious such as analgesia, vasoconstriction, dissociation, catalepsy (dead man’s reflex), amnesia and much more (Hansen and Zech, 2019). Accordingly, especially in acute medical situations such as at the accident site, in an operating room, a dental chair, the intensive care unit, an irradiation room, the delivery room and many more, hypnosis-experienced medical staff can regularly observe trance signs in patients (Hansen and Bejenke, 2010). This is plausible insofar as in such situations a person’s self-efficacy is reduced to the point of absolute helplessness and they are dependent on effective actions and instructions (“suggestions”) from others. If voluntary competence to act is reduced and attention is highly focused, this corresponds to one of the prerequisites of hypnosis, namely motor restriction and sensory deprivation (Peter, 1994, 2023e), and such situations possibly produces a state of situational hypersuggestibility (Hull, 1933): Patients at the doctor’s and especially in hospital are highly receptive to all information, positive and negative, placebo and nocebo suggestions (Hansen and Zech, 2019; Zech et al., 2019, 2020, 2022), this even applies to operations under general anaesthesia (Nowak et al., 2020, 2022).

Whether this situational hypersuggestibility correlates with high hypnotizability and/or even requires a special hypnotic “trance” state requires further investigation, just as the relationship between hypnotizability and suggestibility in general is still open to further research. This is because the ability or willingness to respond to suggestions in an inter-personal context is completely independent of hypnosis and is called suggestibility—in contrast to hypnotizability as an intra-personal variable. Suggestibility in general is the ability to react spontaneously to suggestive communication without checking its content for accuracy or possible alternatives. Such general suggestions do not require hypnosis to be effective. This non-hypnotic, imaginative or waking suggestibility also includes sensory and interrogative suggestibility as well as placebo reactions. This was already noted by Bernheim (1886), discussed in detail by Sidis (1898), Binet (1900), Straus (1927) or Stokvis (1957) and later analyzed in detail by others (e.g., Gudjonsson, 1987; Gheorghiu et al., 1989; Loftus and Banaji, 1989; Gheorghiu, 2000). The fact that people are hypersuggestible, especially in emergency and many medical situations, was already described at the beginning of the 20th century: “Hypnosis […] can be induced by choking or fright, − in the case of serious accidents or violent natural events, individuals show lack of judgement, paralysis, painlessness and will-less obedience” (Bergmann, 1912, p. 139, emphasis in original). It is interesting that Bergmann refers to this phenomenon of increased suggestibility as hypnosis, because even today people still occasionally speak of spontaneous (auto-) hypnosis or (problem-) trance in this context, which may sound plausible at first, but is not entirely correct in terms of conceptual theory: hypnosis does increase suggestibility (Braffman and Kirsch, 1999), but not everything that increases suggestibility is hypnosis. Non-hypnotic suggestibility (Oakley et al., 2021) and placebo responses in particular (Kirsch, 2019) are important topics, especially in medical contexts, which have nothing to do with hypnosis and are examined separately.



3.2 Hypnosis and trance

Hansen and Zech (2019) use the term “trance” in the context of medical hypnosis as a matter of course and are thus in good company with other “hypnophilic” (Peter and Böbel, 2020) professionals. The term trance has become commonplace in German-language literature in particular—“Trance and the objectives of hypnotherapy” (Revenstorf, 2023)—but is avoided in Anglo-American literature because it is too opaque, undifferentiated, even dangerous—“The myth of trance is arguably the mother of all myths and has birthed many related myths” (Lynn et al., 2020, p. 1254)—because it reinforces many of the popular misconceptions about hypnosis that still exist. Lynn et al. agree here with Nicholas Spanos (1986), who, for example, also used the term “trance logic” introduced by Martin Orne (1959) only in quotation marks and criticized it extensively from his socio-cognitive non-state position.

Trance is in fact a very general term that stands for many subjective experiences. Colloquially, the term “trance” or “trance”-state refers to persons not fully reality-oriented in certain situations, or, put differently, are introverted or “absorbed” by something specific (Tellegen and Atkinson, 1974). The situations in which people appear “as if in a trance” can be very diverse. One speaks of dance trance, religious or ecstatic trance, highway trance, conversational trance, everyday trance or when someone simply looks around thoughtlessly. The term trance therefore always requires a context-specific definition. Whether people in such states are particularly open, receptive or suggestible to external information or suggestions depends on the social context, i.e., whether the person is in contact and communication—in “rapport”—with another person. Such trance states can be used for both positive and negative suggestions, intentionally or unintentionally. In clinical contexts, one also speaks of problem trances when people are completely thrown back on themselves and unresponsive to others because they are helpless or anxious, e.g., in special medical situations. It is then necessary to re-establish contact and communication and offer constructive, helpful suggestions. In all these and similar situations, however, no explicit hypnosis induction has taken place beforehand, which is why it is problematic to use the term trance in general in connection with hypnosis. At the very least, the adjective “hypnotic” should be added to indicate that the trance took place after a hypnotic induction or at least in an explicit hypnotic context.




4 Resume

Hypnosis has a long history in which its “nature” has repeatedly been the subject of fierce controversy, so that many researchers and clinicians, especially natural scientists, have regarded it at best as an interesting arcanum and at worst as a negligible esoteric fringe phenomenon confined to lay healers and stage hypnotists. As an adjuvant to other psychotherapeutic methods such as psychodynamic or cognitive-behavior therapy, it has occasionally received recognition. The Scientific Advisory Board for Psychotherapy in Germany (WBP, 2006), e.g., has scientifically recognized hypnotherapy as a “method,” which is in line with the Mainstream view of the international hypnosis community, as Erika Fromm stated in an interview in 1998: “hypnosis is not, in and of itself, therapy […] it is a tool to me and I would like to keep it there” (Peter, 1998). This assessment of hypnosis as a tool is certainly true for the use of hypnosis in medicine, where hypnosis has only an auxiliary function for actual medical treatment, but this does not have to be applied to psychotherapy. At least the Milton Erickson Society for Clinical Hypnosis, Germany (M.E.G.) has sought recognition for “hypnotherapy” as an independent psychotherapeutic approach. However, this is still pending, as the necessary relevant studies are lacking.9 The situation is different for medical hypnosis where there are meanwhile sufficient clinical studies, but so far with little impact in everyday medical practice. The situation for clinical hypnosis as a whole is therefore still unsatisfactory. It remains to be seen how well a new generation of clinicians and researchers will be able to change this.



5 Outlook

It will be interesting to follow the latest developments with virtual reality technologies and their impact on hypnosis. The results to date are as yet inconclusive (cf. Rousseaux et al., 2020, versus Terzulli et al., 2023). Whether virtual reality alone or in combination with hypnosis can replace the social contact of the therapeutic alliance is to be seen (Saffy et al., 2023). The same applies to the use of artificial intelligence, which is expected to be used in hypnosis soon. Can we perhaps do without personal therapeutic contact in the psychotherapy of the future? Let us look back: Mesmer’s patients supplied themselves with the healing fluid from the Baquet, which had previously been magnetized by Mesmer himself, via iron rods or (in the back rows) via ropes; Puysègur’s patients did the same with hemp ropes hanging from a magnetized lime tree. The fact that the healing did not actually come about through these healing devices, but through the imagination of the patients—or through their expectations, as Kirsch (2000) would say—was already scientifically proven in 1784. There are good reasons to assume that the same psychic forces will play a role in the future.

It should also be considered that psychotherapeutic knowledge of change has improved significantly over the last 250 years both within and especially outside of hypnosis: psychoanalysis, behavior therapy and the many approaches of humanistic psychotherapy have been developed after hypnosis. Simply relying on the power of expectation, the self-healing powers of the organism or the wisdom of the unconscious via powerful suggestions or imaginations—with or without hypnosis—would be naïve and no longer meets today’s standards of psychotherapeutic professionalism, which takes into account the indication or function of a given hypnosis intervention. For the purpose of anxiolytic relaxation before a medical procedure and/or the pain-relieving effect of special imaginations, it is probably irrelevant whether the hypnosis induction is given live or tape-recorded, because the difference is marginal at best, as Lush et al. (2021) and Rousseaux et al. (2022) have demonstrated. For more complex psychotherapeutic indications such as personality disorders or chronically fixed symptoms, however, it is not enough to induce a hypnotic trance and then give ego-strengthening suggestions, tell trance-inducing stories or simply invoke the wisdom of the unconscious. Such disorders still require, and will certainly continue to require, specialized psychotherapeutic expertise, as Milton H. Erickson (Erickson and Rossi, 1979) or Janet (1889, 1897) have shown a long time ago. Both Janet and Erickson are known to have made a continuous effort to engage in deliberate practice (Tracey et al., 2024) (with or without hypnosis) and not simply rely on their experience. Thus, hypnotherapy will also have to develop further and this will continue to challenge the creativity of real human beings. Most recently Wilhelm-Gößling et al. (2020) have created the highly differentiated hypnotherapy manual for the RCT depression study by Fuhr et al. (2021). Such patients will presumably also require a good therapeutic rapport in the future, generally in psychotherapy (Heinonen et al., 2022) and also in hypnotherapy (Peter and Revenstorf, 2018; Varga, 2021), where therapists ideally also should be sensitive to the patients’ attachment experiences (Varga and Kekecs, 2014; Egozi et al., 2023; Di Filippo and Perri, 2024). Even in remote online therapy, which was frequently practiced during the Covid pandemic, users with secure attachment showed online a better therapeutic alliance than those with insecure attachment (Mercadal Rotger and Cabré, 2022). Whether avatars equipped with artificial intelligence are able to achieve this is questionable (Grodniewicz and Hohol, 2023), as is whether these avatars can adapt to the respective hypnotizability of their patients. It can be assumed that there will continue to be a certain number of people who are highly hypnotizable and whose neurophysiological make-up goes beyond the effects of expectation and imagination. Highly hypnotizable people will therefore remain to be of interest not only to science (e.g., Santarcangelo, 2024) but also to medicine because of the heightened suggestibility of patients. Hypnotizability probably also plays a greater role in psychotherapy in general than is usually assumed. In hypnotherapy in particular, highly hypnotizable people have to be told explicitly that they should go into hypnosis and not simply relax (Gandhi and Oakley, 2005). The traditional instruction/suggestion for this is a hypnosis induction. Hypnosis inductions are not useful to low-hypnotizables, whereas they are certainly beneficial to medium-hypnotizables. The latter however need a more intensive hypnotic rapport (Lynn et al., 1991) as well as more elaborate suggestions (Szabo, 1996), such as those taught in Ericksonian hypnotherapy. They may also benefit from virtual reality (Engelhardt et al., 2019).

Hypnosis has been part of the Western world’s social culture for around 250 years. Although there were some misconceptions about its nature and possibilities, the general population’s opinion of hypnosis seems to be positive or at least neutral (Palsson et al., 2019). In terms of scientific recognition, hypnosis has experienced turbulent ups and downs during this 250-year history. Since around the middle of the 20th century, hypnosis has become the subject of serious scientific investigation, but mainly in its experimental form. As shown, there is still much room for improvement in the scientific evidence of the effectiveness of clinical hypnosis in psychotherapy and psychosomatics as well as its practical application in medicine.
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Footnotes

1   The idea that sensory deprivation and motor restriction are essential situational characteristics of hypnosis goes back to Christoph Kraiker: “Hypnosis produces a comparable state of sensory and motor deprivation; the imaginative processes are suggestively well controllable, and thus reconditioning can be achieved that could not be established by interference from external or internal disturbing stimuli or by motor auto-stimulation” (Kraiker, 1991, p. 194; cf. also Kraiker, 1985,1992).

2   A similar idea had already been described by Zarbock (1994), using hypnosis in combination with cognitive behavior therapy. (I am thankful to Wolfram Dorrmann for this hint.)

3   Even the suggestion of relaxation does not necessarily have anything to do with hypnosis, as Wilson and Barber (1978) or Banyai and Hilgard (1976) have shown.

4   Although the arm rises involuntarily (“as if by itself”) during an armlevitation, it reacts to the verbal request (“suggestion”) to rise; and it lowers again after the corresponding verbal suggestion. If it were to remain cataleptically in the air and no longer react to a verbal suggestion, the hypnotic phenomenon of armlevitation would have “transformed” into the dissociative symptom of paralysis.

5   Instead of “special,” the adjective “non-ordinary” is used more frequently today to describe the state of hypnosis. This certainly makes sense in order to put the old dispute between the special state and the non-state followers to rest. In this article, both terms are used interchangeably.

6   In the literature, the adjectives “suggestible” and “hypnotizable” are often used synonymously.

7   The DMN consists of medial-prefrontal (ventral and dorsal medial prefrontal cortex) and medial-posterior areas (precuneus and posterior cingulate) (Raichle et al., 2001) and is activated when the brain is not occupied with external goals and tasks, but with “intrinsic” or “task-negative” activities. In contrast to the “extrinsic” or “task-positive” areas, the DMN is associated with self-referential, ego-related functions and autobiographical memory; it is, so to speak, the “echo chamber” of our ordinary everyday ego, a kind of “neural self” that is active when we have nothing to do but occupy ourselves with ourselves, daydream, think about our present, past or future, but also speculate about what others might be feeling and thinking (empathy and theory of mind).

8   As one of the few exceptions, Woody et al. (2005) differentiated between “Perceptual-Cognitive” and “Posthypnotic Amnesia” items.

9   “Hypnosis psychotherapy” is institutionally recognized in Austria. State recognition of hypnosis or recognition by health insurance companies varies greatly from country to country. Further information can be obtained from www.ishhypnosis.org or info@ishhypnosis.org.
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This narrative review summarizes a representative collection of electrophysiological and imaging studies on the neural processes and brain sources underlying hypnotic trance and the effects of hypnotic suggestions on the processing of experimentally induced painful events. It complements several reviews on the effect of hypnosis on brain processes and structures of chronic pain processing. Based on a summary of previous findings on the neuronal processing of experimentally applied pain stimuli and their effects on neuronal brain structures in healthy subjects, three neurophysiological methods are then presented that examine which of these neuronal processes and structures get demonstrably altered by hypnosis and can thus be interpreted as neuronal signatures of the effect of analgesic suggestions: (A) On a more global neuronal level, these are electrical processes of the brain that can be recorded from the cranial surface of the brain with magnetoencephalography (MEG) and electroencephalography (EEG). (B) On a second level, so-called evoked (EPs) or event-related potentials (ERPs) are discussed, which represent a subset of the brain electrical parameters of the EEG. (C) Thirdly, imaging procedures are summarized that focus on brain structures involved in the processing of pain states and belong to the main imaging procedures of magnetic resonance imaging (MRI/fMRI) and positron emission tomography (PET). Finally, these different approaches are summarized in a discussion, and some research and methodological suggestions are made as to how this research could be improved in the future.
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1 Biological foundations of pain

Within this narrative review, a representative selection of electrophysiological and imaging studies are summarized, shedding light on the neural processes and brain sources that underlie hypnotic trance, as well as the influence of hypnotic suggestions on the processing of experimentally induced painful stimuli. It complements prior reviews on the impact of hypnosis on brain functions and the structural components related to chronic pain processing (Dillworth et al., 2012; Jensen et al., 2014; Vanhaudenhuyse et al., 2014). It also adds to reviews on a variety of other stimulus modalities and their effect on attentional processes and performance in verbal, numerical, and spatial imagery tasks, on memory, the ability to dissociate and imagine, on depression, anxiety and stress control, and on the ability to calm down and relax (Vanhaudenhuyse et al., 2014; Landry et al., 2017; Wolf et al., 2022).

Despite the enormous public importance, our knowledge of the brain structures involved in pain processing is still evolving and far from complete. Lesion studies, as well as PET and especially MRI/fMRI studies, provide a relatively consistent picture of which structures are essential for processing noxious events to become an impinging event of pain. The first pain processing step occurs in the peripheral nervous system. There, specialized nerve cells, called nociceptors, detect noxious stimuli such as heat, cold, pressure, or tissue damage (Treede, 2016). From these nociceptors, signals travel to the spinal cord, where synapses transmit the information to the thalamus (Bastuji et al., 2016a; Groh et al., 2018), the primary somatosensory (S1) cortex, the secondary somatosensory cortex (S2) and the primary motor cortex (M1). Further information is transmitted to the insular cortex (Segerdahl et al., 2015), the anterior, mid, and post cingulate cortices (Kuner, 2010; Bastuji et al., 2016b; Groh et al., 2018; Del Casale et al., 2022), and to regions in the parietal cortices among them to the precuneus (Bliss et al., 2016). The thalamus also connects to regions of emotion, memory, and fear processing in the amygdala, hippocampus (Tajerian et al., 2018), and subcortical structures including the basal ganglia and brainstem. The thalamus is thus considered the main relay station for sensory information (Sherman, 2016), including noxious signals. From here, further noxious signals are sent to attentional resources that focus on the location of the noxious event in the body schema, and the sensory discriminative aspects of pain and its intensity are processed by the primary and secondary somatosensory cortices S1 and S2 (Bornhovd et al., 2002; Apkarian et al., 2005; Baliki and Apkarian, 2015; Segerdahl et al., 2015). Two other cortical regions, the anterior cingulate cortex (ACC, Iwata et al., 2005) and the insular cortex (ICC, Garcia-Larrea, 2012), are considered components of the classical limbic system and potential candidates for processing the affective-motivational dimension of pain. Under most circumstances, the sensory and affective components of pain are highly correlated, with pain becoming more intense and causing more unpleasant feelings when these structures get activated. Thalamic connections to the secondary somatosensory cortex and the anterior insular cortex, on the other hand, interact with the amygdala to provide an affective evaluation of noxious stimuli (Rainville et al., 2000; Bornhovd et al., 2002; Apkarian et al., 2005; Baliki and Apkarian, 2015; Segerdahl et al., 2015). In addition, connections from the thalamus to frontal motor brain areas and the basal ganglia in the midbrain also prepare and orchestrate appropriate, usually largely automatic escape-avoidance actions (Bastuji et al., 2016b; Corder et al., 2019). The cognitive processing of the pain experience and its embedding into the autobiographical memory is primarily provided by connections to the precuneus as an important hub attentional functions (Rainville et al., 2000; Faymonville et al., 2006), the hippocampal system (Garcia-Larrea and Bastuji, 2018; Tajerian et al., 2018), and to ventromedial and dorsolateral prefrontal cortices (Bromm, 2004). Finally, via connections of the thalamus to the brainstem and medullary regions, the periaqueductal gray (PAG) of the midbrain, the locus coeruleus (Taylor and Westlund, 2017), and the rostral ventral medulla, descending pain control mechanisms can be initiated in addition to appropriate autonomic responses such as the increase of heart rate and blood pressure, further promoting or inhibiting noxious information (Fairhurst et al., 2012; Bastuji et al., 2016a).

The components of this pain processing network interact with each other in a complex way, whereby the activity of the different brain regions changes depending on the type of pain, the intensity of the pain, the emotional state and the autobiographical pain experience of the person, his or her acquired coping skills in dealing with pain, and his or her sociocultural embeddedness (for an extensive summary and time frame of actions in this network see Miltner and Weiss, 1998; Garcia-Larrea and Bastuji, 2018).



2 Neurophysiological correlates of pain control

In the following sections of the review, three domains of neurophysiological correlates of pain control will be addressed: (A) On a more global neuronal level, brain electrical processes recorded from the skull surface of the brain with magnetoencephalography (MEG) or electrodes placed across the entire head or electrodes inserted into the skin of the scull using electroencephalography (EEGs). (B) On a second level, so-called evoked (EPs) or event-related potentials (ERPs, Luck, 2014) or event-related magnetic fields (MEFs, Bromm and Scharein, 1996) represent a subgroup of brain electrical parameters of the EEG. (C) The third level of brain research relates to imaging technologies which focus on questions regarding which brain structures are significantly involved in the processing of painful states using imaging methods such as magnetic resonance imaging (MRI/fMRI) or positron emission tomography (PET).


2.1 Spontaneous EEG and brain oscillations of pain processing

Pain has been associated with the activation of several spatially distributed and functionally segregated brain structures that serve sensory, cognitive, affective, and motivational aspects of pain processing. Although most of these brain structures are not exclusively activated during pain but also to new events (Mouraux and Iannetti, 2018), the dynamic integration of neuronal responses within these areas is thought to determine the experience of pain. The integration of these processes is ensured by structural connections present within and between brain areas. Since pain can be dynamically modulated by contextual factors and the individual expectation of pain relief as expressed above, the integration of pain-related neuronal processes must be highly flexible. However, this flexibility requires dynamic modifications in neural integration at timescales that cannot be accomplished through alterations in structural connections, but rather through dynamic changes in functional connections (Ploner et al., 2017). It has been suggested that brain oscillations and inter-areal synchronization may be instrumental in neuronal integration and the flexible routing of information flow between distributed brain networks (Bastos et al., 2015; Ploner et al., 2017; Singer, 2018). Brain oscillations represent rhythmic neuronal signals that are ubiquitous in the brain and can be recorded by local field potentials, electroencephalography, and magnetencephalography. While the EEG simultaneously records the brain's electrical voltage fields of thousands of neurons as oscillatory voltage-time diagrams (i.e., changes of polarization and strength over time), MEG simultaneously records thousands of tiny magnetic fields of electrical currents that occur in their dendrites in varying strengths when neurons are excited. In this case, we therefore also speak of the MEG as an oscillatory current-time diagram. Both methods are primarily used to find out how strongly a specific pain event excites the entire brain and at what frequencies and with what intensity these oscillations manifest themselves over time. These oscillations are characterized by a broad frequency range, spanning from below 0.1 to more than 100 Hz, and tend to occur in specific frequency bands that are unique to different brain structures and states (Singer, 2018). A classic functional classification of brain electrical frequency bands differentiates between delta (0.1–4 Hz), theta (4–8 Hz), alpha (8–13 Hz), beta (13–30 Hz), and gamma (30–100 Hz) bands.

Studies examining the central processing of pain in healthy (Bromm et al., 1984; Gross et al., 2007; Zhang et al., 2012) and chronic pain patients (Treede, 2003; Truini et al., 2003) have predominantly utilized phasic pain stimuli lasting from milliseconds to seconds. Consequently, these findings are likely indicative of the processing of acute pain. Phasic painful stimuli typically elicit transient spectro-temporal modulations that manifest as either an increase (event-related synchronization, ERS) or a decrease (event-related desynchronization, ERD) in oscillatory power. These transient modulations of pain-related cortical oscillatory activities are typically confined to specific frequency bands (Ploner et al., 2017): (1) an increase in the theta range (4–7 Hz) occurring between 150 ms and 400 ms after stimulus presentation and likely originating from multiple areas such as the sensorimotor cortex, anterior/mid-cingulate cortex, insula, and the secondary somatosensory cortex. These responses correspond with the extensively studied pain-related brain potentials. (2) Also, phasic pain stimuli transiently suppress alpha (8–13 Hz, α-ERD) and beta (14–29 Hz, β-ERD) oscillations in occipital and sensorimotor areas between 300 to 1,000 ms post-stimulus and (3) enhance gamma (30–100 Hz, γ-ERS) oscillation over the contralateral sensorimotor cortex. The functional meaning of these components within pain processing is still elusive and not fully understood. For example, bottom-up variations of stimulus intensity (Gross et al., 2007; Hauck et al., 2015; Tiemann et al., 2015) and top-down variations of attention (Hauck et al., 2007; Tiemann et al., 2010) influence all above-mentioned frequency components. In contrast, during repetitive painful stimulation, gamma oscillations better predict subjective pain intensity (Zhang et al., 2012) than any other frequency component, while during placebo analgesia evoked potentials (theta responses) are more closely related to pain than gamma oscillations (Tiemann et al., 2015). Taken together, the available evidence indicates that there is no one-to-one correspondence between pain-related brain oscillations and pain and its relation may change depending on the context. Hence, variations in pain processing within different contexts may be accomplished by the flexible routing of the information flow between brain areas (Ploner et al., 2017).



2.2 Brain oscillations and the perception of pain in hypnosis

The first EEG studies on hypnosis between 1940 and about 1980 aimed to determine whether the brain electrical activity during the hypnotic state corresponds to the EEG of sleep stages or the EEG of the waking state. Another central question was whether a characteristic EEG activity can be assigned to the degree of hypnotizability. However, the studies presented to date on the characterization of both questions revealed very contradictory and inconsistent data. On the one hand, clear synchronization patterns were found in the alpha band and other very slow frequency bands, while in other studies the exact opposite, increased oscillations of waking consciousness or even faster oscillations were found (for an extended review of these studies see Larbig and Miltner, 1993). This heterogeneity of the available empirical data is based on considerable methodological differences in the individual experimental set-ups, which were generally not designed to be replicated, i.e., they demonstrate a lack of detailed information on the induction method and measures for the control groups, on the electrode placements or information on whether the EEG recordings were carried out with the eyes open or closed and the methods used for the frequency analyses. Often no control groups were used in the experimental designs, the samples were usually too small, the EEG baseline recordings were too short, and intermittent sleep behavior was not controlled continuously or at all and documented accordingly. It also became clear that it is not possible to speak of “the hypnosis”, but that very different states can be subsumed under this term. It can therefore not be expected to identify one single replicable and always present specific central nervous correlate of hypnosis at the global level of the EEG or MEG, i.e., in a specific frequency band (for a full review of these studies, see Larbig and Miltner, 1990). Because of this, it is not possible to find a single, consistent, and always-present unique central nervous system correlate of hypnosis at the global level of the EEG or MEG, that is, in a certain frequency band.

In addition to this contradictory state of affairs, it should be noted that to date there are only a small number of experimental studies that have examined the effects of hypnosis on pain processing in conjunction with possible changes in brain electrical frequency bands (Croft et al., 2002; De Pascalis et al., 2004; Houzé et al., 2021). Croft et al. (2002) investigated the relation between pain-related cortical oscillations (alpha, beta, gamma) and the subjective pain intensity in response to phasic painful stimuli in 33 subjects (16 lows, 17 highs) during three conditions: control, hypnosis, and hypnosis with hypnotic analgesia suggestions. In the control condition, only prefrontal gamma activity (32–100 Hz) predicted subjective pain ratings both in low and high hypnotizable subjects. This relation remained unchanged in lows during hypnosis but was no longer evident in highs indicating that hypnosis differentially alters the pain-gamma relationship.

In a similar study, De Pascalis et al. (2004) investigated the phase reordering of gamma activity during waking (control), hypnosis, and posthypnotic condition. During these conditions, subjects (12 low, 13 medium, and 13 high hypnotizable subjects) additionally received a suggestion of focused analgesia aimed at reducing the perception of painful stimuli by producing an obstructive hallucination. In each condition, subjects completed an oddball paradigm composed of infrequent and frequent painful electrical stimuli that were delivered at a constant inter-stimulus interval. Correlational analysis of EEG trials from each participant unveiled short periods of gamma pattern phase ordering, occurring before and after the presentation of a stimulus. These intervals persisted for approximately six cycles. High and low hypnotizable subjects showed significantly reduced phase-ordered gamma scores during hypnotic and post-hypnotic analgesia compared to waking without analgesia and hypnosis without analgesia. Across the waking conditions (painful stimulation with and without focused analgesia), phase-ordered gamma scores at central electrode sites predicted subjective pain ratings similarly in low, medium, and high hypnotizables, while there was no significant relationship during hypnotic conditions for high and medium hypnotizables. These results suggest that hypnosis affects the neuronal timing of gamma oscillations, which may lead to changes in pain perception.

Finally, a study by Houzé et al. (2021) investigated the efficacy of suggestions given with and without hypnotic induction and compared hypnotic analgesia to a distraction condition. Noxious electrical stimulation was applied to the sural nerve and brain electrical recordings were analyzed in theta-band (0–500 ms, 3–7 Hz), reflecting the time domain related somatosensory potential, and for alpha-band desynchronization (ERD, 350–1,000 ms, 8–12 Hz). At the behavioral level, subjective pain intensity decreased in distraction, suggested-hypoalgesia, and hypnotic-hypoalgesia, but increased during hypnotic-hyperalgesia condition. The study found no differences in theta and alpha band between hypnotic hypoalgesia and hypnotic hyperalgesia. In contrast, distraction led to a significant reduction of theta power compared to hypnotic-analgesia, suggesting that the time domain related SEP components were influenced by diverting attention from painful stimuli.

In the past, brain oscillations were intensively studied in a small number of field experiments that tested prolonged painful events that more corresponded to clinical pain during autohypnotic pain rituals in different cultures, in a fakir and control subjects, and in athletes during a marathon run using telemetric EEG recordings were taken (Larbig, 1982, 1994; Larbig et al., 1982; Larbig and Miltner, 1993).

In a first study, firewalkers practicing pyrovasia in northern Greece were investigated while dancing on a fire with glowing charcoal (200–400°C) in seductive trance to block the agony of touching their bare feet (Larbig, 2015). Firewalking left no foot burns despite intense ember contact. Ancient pyromania is practiced in south-eastern Europe, Asia, India, Indonesia, and the South Sea Islands. Greeks perform firewalking for 3 days on May 21, St. Constantine and St. Helena's feast day, as an inviolability ceremony. Classical legend anchors this religious rite with Constantine's heroic act of rescuing holy Christian treasures from a burning church during Roman reign. Pyrovasia is utilized to identify with saints to learn and enforce stress- and pain-management. Preparing this dance includes several days of singing religious songs, dancing, sacrificing animals, processions with symbols, and contemplative exercises. Multiple hand touches on the candle flame check the firewalk's trance depth before walking on the charcoals. The firewalk EEG demonstrated clear increases in high-amplitude theta oscillations over the sensorimotor brain in all direct foot-ember interactions. Multiple repetitions of firewalking (without pyrovasie rites) in Germany with volunteers showed no pain with sole contact times below 400 ms and surface temperatures around 400°C. Some volunteers also had a slow theta EEG (Larbig and Miltner, 1993).

Another brain-electric field study of Larbig (1994, 2015) on hook swingers in Sri Lanka monitored celebrants' brain waves telemetrically throughout this centuries-old fertility ritual in honor of Mhatoba in Indian and Sri Lankan by Hindus following protracted droughts. Ropes suspend the celebrant from a wooden wagon on approx. He blesses newborn children, fruit, and grain as he is pulled over the fields with 6–8 metal hooks through the skin and muscles of the back. Celebrants stay in a trance for hours without pain. Wounds heal in a few days after wood ash is sprinkled following hook removal. Telemetric recordings of 9 hook-swinging celebrants before, during, and after the pain ceremony showed significant theta-frequency increases in anticipation and during pain stimulation over sensorimotor brain areas, which were still detectable in 5 people a few minutes after the ceremony.

In a further study on self-induced trance, a fakir was observed (Larbig, 1994, 2015) who thrust ~50 cm long dagger- and floret-like skewers through his throat, mouth, and abdomen skin demonstrated significant theta frequency increases in anticipation of and during painful brain stimulation. These findings prompted a controlled laboratory trial with the fakir and 14 controls. The hypothesis was to see if this fakir has higher high-amplitude theta activity than the control participants during anticipated painful stimulation or self-application of pain while applying autosuggestive analgesic suggestions to reduce pain. The fakir's EEG power spectrum was very different from normal participants. Slow oscillations and strong EEG synchronization occurred in anticipation and trance-like consciousness during painful stimulation. Averaged across people, experimental settings, and recordings, slow cortical potentials exhibited a negative pain anticipation shift.

To summarize these studies, the field and laboratory tests revealed that painful stimulation during autohypnotic induced trance conditions strongly slowed the spontaneous oscillations of the EEG over pain processing brain regions. These findings are consistent with numerous hypnosis experiments that showed clear synchronization patterns up to the slow sensory and emotional brain areas during the trance, while other studies reported EEG desynchronization.

In summary, current evidence underscores that different psychological modulations of pain may differentially change pain-related brain oscillations and thereby presumably enable flexible routing of information flow between brain areas.



2.3 ERP activities of pain processing during hypnosis and hypnotic analgesia

The next level of neurophysiological correlates of pain control includes so-called evoked (EPs) or event-related potentials (ERPs, Luck, 2014) or event-related magnetic fields (MEFs Bromm and Scharein, 1996) represent a subgroup of brain electrical parameters of the EEG. They provide temporally structured information about stimulus-dependent changes in the oscillation process of the EEG/MEG and represent brain-electric correlates of various processes, stages, and phases of the processing of stimuli, emotions, and internal cognitive processes (expectations, evaluations of stimuli, stimulus-dependent attention activities, planning, discrimination, cognitive operations, etc.) with individual potentials recognizable as amplitudes in the voltage-time diagram. In addition, there are several mathematical models and software programs that use the head distribution of individual amplitudes to analyze models of which brain regions could be constitutive as neuronal sources for the expression of individual potentials.

As many studies have shown, pain stimuli evoke a very characteristic positive and negative electrical voltage-time diagram (EEG) composed of a mixture of voltage oscillations of different frequencies and potential components (half-waves or amplitudes) of the sERP, which are contained in the EEG and can be crystallized from the EEG by averaging the voltage-time diagrams in response to a series of stimuli (Bromm and Scharein, 1983, 1990; Bromm et al., 1985; Miltner and Weiss, 1998). The composition of the EEG of different frequency bands can be determined by frequency-analytical mathematical models, either over fixed time intervals using Fourier analysis or time-synchronously by methods such as wavelet analysis (Salansky et al., 1995; Kelly et al., 1997; Wacker and Witte, 2013) and others. Depending on the time elapsed since stimulus application (latency), and the electrical orientation of the voltage-time diagram (P: positive, N: negative), in addition to the early and mid-latency components of the sERP (Schwender et al., 1997), so-called late components and ultra-late components have become especially interesting for studies on the effects of anesthetics and analgesic agents (for more details see below). The important amplitudes of such late components comprise the N1 or N100, P2 or P200, and as a combination and average of the N1 and P2 amplitudes the vertex complex, and the P300 family, of which one amplitude, i.e., the P3b proved particularly interesting. The number indicates in which order or at which time lack after stimulus onset the respective amplitude reaches its maximum (Luck, 2014). While the N1 is mainly determined by early attentional processes to physical properties like dynamics, size, etc. of the stimulus, the P2 mainly reflects the sensory quality (intensity, somatosensory aspects of stimuli like pressing, stinging, burning, etc. of the stimuli and so on Luck and Kappenman, 2011). Amplitudes of P2 and the vertex potential vary positively with physical and even more systematically with the subjectively experienced intensity of a stimulus (Harkins and Chapman, 1978; Bromm, 1991; Miltner and Weiss, 1998). That is, the greater the physical and subjectively felt intensity of the applied stimulus, the greater the amplitude of these potentials. The subjective meaning of the stimulus (for example the degree of its danger, threat, and riskiness) and its importance to the individual as well as its task relevancy manifests itself somewhat later in the P3b and the succeeding slow wave (not further treated in this review, for a comprehensive summary of the P300 family see Johnson, 1986). Ultra-late components have been shown to emerge much later around 1,200–1,500 ms post-stimulus and mainly reflect the neural activities that emerge from slow-conducting unmyelinated C-fibers (Bromm, 1991; Opsommer et al., 2001). Because of their close relationship to the intensity of pain stimuli, the vertex potential, the P2 and the P3b have been described as “quasi-objective measures” of pain (Bromm, 1995), and have therefore often been used to assess the effect of analgesics (Chapman et al., 1990; for a summary see Bromm and Scharein, 1990) and psychological pain treatments, i.e., distraction (Miltner et al., 1989), mindfulness (Cahn et al., 2013; Jo et al., 2016; Aly et al., 2023), and hypnosis (see below).

In the early 1960s, Halliday and Mason (1964) examined how hypnotic anesthesia affects cerebral evoked responses to electrical, mechanical, and auditory stimuli. Nine healthy volunteers were given electrical or mechanical index finger stimulation or auditory stimuli and suggested that the stimulated would become numb and frozen, and any feeling of the hand would be lost or suggested hypnotic deafness during presentation of auditory stimuli. The stimuli did not produce the expected effects. The sERP and aEPRs did not change when individuals viewed the stimuli as instructed. Even with distant or barely audible “clicks” during auditory stimulation, aERPs remained like the control condition.

Amadeo and Yanovski (1975) conducted a study on the relationship between hypnotic and non-hypnotic states, attention, and event-related responses (ERPs) following random painful stimuli. The study involved five participants with previous experience in hypnosis experiments. Somatosensory brain electrical responses (sERPs) and auditory brain electrical responses (aERPs) were measured using strong electrical pulses and clicks, respectively. The study compared non-hypnotic and hypnotic states and found that late ERP responses were increased in the non-hypnotic state, while the hypnotic state showed no changes compared to the resting condition. Surprisingly, ERP amplitudes were greater when subjects responded to clicks than to shocks.

In a study conducted by Arendt-Nielsen et al. (1990), eight highly hypnotically sensitive adults participated. The study aimed to investigate pain-associated brain measures following suggested pain analgesia. The participants underwent a hypnotic induction to achieve a deep trance state and were given suggestions for hyperalgesia (increased pain sensitivity) and analgesia (decreased pain sensitivity). During the hyperalgesic phase, participants were told that their right hand was immersed in hot water (Cold Pressure Test CPT, Hines and Brown, 1933; Velasco et al., 1997) and would feel unpleasant or painful. Evoked potentials were recorded using a needle electrode inserted into the vertex skin and referenced to the earlobes. The results showed that pain thresholds increased during hypnotic analgesia and decreased during hyperalgesia compared to a baseline without suggestions. The vertex component of the brain displayed greater amplitude potentials during hyperalgesia and lower magnitudes during hypnotic analgesia compared to the waking baseline.

Zachariae et al. (1991) investigated 12 highly sensitive participants in seven experimental conditions: baseline, neutral, anger, fear, sadness, happy, and posthypnotic awake control using brief laser stimuli on the dorsal part of the hand. The stimulus intensity was 1.5 times the individual's predetermined pain threshold. As in the former study, ERPs were also recorded using a needle electrode from the vertex to connected earlobes for each condition. Participants hypnotically recalled a former emotional occurrence under emotional circumstances to elicit the four emotional states. The neutral hypnotic control condition did not imply pain. Participants were told to relax and forget memories and emotions between emotional states. A visual analog scale was used to measure laser stimulation pain and emotion retrospectively. After each emotional condition, anger recall was 79.6%, fear 87.5%, depression 63.8%, and happiness 82.1% compared to pretraining. sERPs indicated reduced pain electrical activity in angry situations and enhanced activity in depressive situations compared to baseline. EEG power was strongly associated with depression severity but not the other three emotions.

Miltner et al. (1993) conducted a study to evaluate the processing of painful vs. nonpainful electrical stimulation and visual stimuli in 16 healthy participants. The participants were exposed to two hypnotic suggestion conditions, including a hypoalgesic condition where they were suggested to wear an analgesic glove and a hyperalgesic condition where pain was suggested to be enforced. The intensity of the stimulation applied during these conditions was predetermined for each participant. The researchers recorded pain ratings, sERP responses, and baseline ERPs. They also monitored EOG, ECG, and skin temperature. The results showed that treatment significantly affected pain ratings, with anesthetic pain being half as intense as hyperalgesic pain. There were no significant changes in sERP amplitudes for the P260 and P300 and also not for the N150 compared to baseline. The VEP did not show any significant differences.

These results were replicated by Meier et al. (1993) conducted a study to investigate the effects of hypnotic analgesia and hyperalgesia on the subjective evaluation and processing of intracutaneous electric stimulation to a finger. The study included 9 participants with no previous experience with hypnosis. Besides the intensity of stimuli, brain measures, including late sERPs, auditory aERPs, and power spectral density (PSD) of EEG segments, were recorded and analyzed. Hypnosis significantly alleviated pain in the analgesia condition and increased pain in the hyperalgesia condition. The hypnotic suggestion had no effect on sERP and aERP amplitudes. The PSDs calculated from spontaneous EEG before each stimulation were not influenced by hypnosis.

In the following study by Zachariae and Bjerring (1994) pain-evoked potentials were measured in response to laser pulses in participants who underwent a neutral hypnosis, hypnotic analgesia with relaxation, distracting imagery, sensory pictures of anesthesia, and numbness, as well as a placebo condition. The study also assessed cognitive differences in hypnotic susceptibility using a questionnaire on mental imagery vividness. The participants were divided into highly and low hypnotizable groups based on their hypnotic susceptibility scores. Pain thresholds were measured before hypnosis, and evoked potentials were measured in response to laser stimulation. EEG recordings were taken at the vertex as the maximum vertical. Sensory pain ratings were obtained after laser stimulation using visual analog scales. The results showed that all treatments, except placebo, reduced pain in both high- and low-hypnotizable participants. However, high hypnotizable participants showed greater reductions in pain compared to low hypnotizable participants. When comparing evoked potential amplitudes to the baseline, only the high-hypnotizable group had significant reductions.

Crawford et al. (1998) conducted a study on hypnotic analgesia in 15 participants with chronic low back pain who were able to significantly reduce pain perception following hypnotic analgesia instructions while exposed to the CPT. The study consisted of three sections, including pain history interviews, mental examinations, and a CPT to assess pain control. Participants received hypnotic analgesia training. In Session 2, participants listened to hypnotic analgesia procedures and assessed somatosensory pain-related stimuli during wakefulness and hypnosis. Pain ratings were measured on a scale of 0 to 10, with higher ratings indicating more pain, and magnitudes and latencies of artifact-free P70, N140, P200, N250, and P300 amplitudes in anterior frontal (Fp1, Fp2), mid frontal (F3, Fz, F4), central (C3, Cz, C4), and parietal (P3, Pz, P4) regions were extracted during wakefulness and hypnotic analgesia. The study found significantly decreased pain ratings when participants were exposed to hypnotic analgesia. Hypnotic analgesia enhanced the N140 amplitude in the anterior frontal region. During hypnotic analgesia decreased spatiotemporal perception was evidenced by reduced amplitudes of P200 (bilateral mid-frontal and central, and left parietal) and P300 (right mid frontal and central). Hypnotic analgesia further led to highly significant mean reductions in perceived sensory pain and distress.

Danziger et al. (1998) conducted a study with 18 hypnotic novices who were stimulated with nociceptive electrical stimulation on their sural nerve under three conditions: control, hypnotically suggested left lower limb analgesia, and post-hypnosis. Hypnotic analgesia suggestion induced a significant elevation in pain threshold and all participants exhibited significant alterations of the RIII reflex amplitudes of 20% or more, in contrast to the control condition. The pain threshold also increased to a similar degree. Two persons showed unclear patterns of the RIII reflex during hypnotic analgesia, 11 subjects a significant inhibition of the reflex. In another group of seven subjects, a significant facilitation of the reflex was observed. Both subgroups exhibited comparable reductions in the magnitude of late somatosensory evoked brain potentials during hypnotic analgesia but no changes in the autonomic parameters or the spontaneous EEG were seen. These findings indicate that many methods of adjustment may be in action during hypnotic pain relief and that methods vary depending on the individual.

Schuler et al. (1996) conducted a study on the effects of distraction and hypnotic analgesia on pain perception and brain measures in healthy volunteers. 13 Subjects were selected for participation who could control CPT-induced pain with hypnotic analgesia. Pain intensity and aversiveness were assessed with visual rating scales. Besides the measurement of subjective pain responses to intracutaneous painful stimulation, the study also measured sERP amplitudes and EOG recordings. The results showed that distraction and hypnotic analgesia significantly reduced pain severity and aversiveness. The sERP analysis reduced the P80, P260, and P300, amplitudes in response to distraction, while hypnotic analgesia affected only the P80 component.

The study by Friederich et al. (2001) was conducted to investigate the effects of hypnosis and distraction on pain perception in a group of 16 highly hypnotizable participants. In one condition, the volunteers were hypnotized and asked to imagine wearing a glove soaked in an analgesic substance, while in another condition, they were asked to listen attentively to a tape of a short mystery novel, and in a third condition they had no further tasks and suggestions while stimulated with laser heat stimulation applied to the back of the left hand. Laser-induced LEPs were recorded from 62 EEG electrodes, and ratings of pain intensity and aversiveness were collected after each block of 10 stimuli. Pain reports were significantly reduced during hypnotic analgesia and distraction as compared to the control condition. The amplitudes of the LEP components N200 and P320 were also significantly smaller during distraction than during control. However, no significant difference in these amplitudes was obtained for hypnotic analgesia as compared to the control condition. Results indicate that hypnotic analgesia and distraction of attention obviously represent different mechanisms of pain control and might involve different brain mechanisms.

The study by De Pascalis et al. (2001) examined the electrocortical and autonomic responses to painful stimuli in 29 female undergraduates. The participants were selected based on high hypnotic susceptibility scores and were tested under different conditions including awake, relaxation with analgesia, dissociated imagery, focused analgesia, and placebo. The study measured sensory and pain thresholds using electrical stimulation and recorded EEG activity from eight electrodes. Skin conductance response (SCR) and heart rate (HR) were also measured. The results showed that deep relaxation, dissociated imagery, and focused analgesia significantly decreased pain and distress in all participants. High-hypnotizable subjects experienced greater pain reduction during focused analgesia and dissociated imagery. The N200 amplitude was higher in temporal scalp locations for moderate and low hypnotizable subjects, while highly hypnotizable subjects had larger N200 amplitudes in general. Focused analgesia enhanced the temporal N200 peak in highly hypnotizable individuals. P300 amplitudes decreased during deep relaxation, dissociated imagery, and focused analgesia in hypnotizable individuals. Skin conductance and heart rate decreased during hypnosis for all participants.

Tables 1, 2 summarizes the characteristics and effects, respectively, of the EEG studies on subjective pain perception and ERPs after noxious and non-noxious stimulation. It should be noted that the biopsychological investigation of pain processing in hypnosis research is already somewhat outdated, and peer-reviewed articles of more recent date can hardly be found in the international literature. While the first two studies by Halliday and Mason (1964) and Amadeo and Yanovski (1975) were still rather skeptical that analgesic suggestions under hypnosis have a pain-relieving effect, all nine subsequent studies that have investigated the effect of hypoalgesic suggestions agree that they have a pain-relieving effect and three out of four studies investigated hyperalgesic suggestions observed a pain-intensifying effect. However, the observations of the brain electrical amplitudes N100, P200, the vertex complex, and P300 are less clear. About the N100 and P200, five out of 8 studies agree that these components are not affected by hypnosis or hypnotic analgesia compared to a neutral control condition. But two studies found an increase and one study a decrease in the N100. Two other studies also found a decrease in the P200. The studies of our research group (Miltner et al., 1993; Schuler et al., 1996; Friederich et al., 2001) also showed that distraction has a positive, reducing effect on the P200 amplitude. Concerning the vertex complex, 3 out of 7 studies under hypnosis and hypoalgesia suggestions showed no change in amplitude strength and 4 showed a reduction in amplitude compared to the control condition. Under hyperalgesia suggestions, 3 out of 4 achieved no change and one reported an increase in amplitude. The results for the P300 showed no effect in 3 of the 5 studies testing this component, and a reduction in amplitude in two studies.


TABLE 1 Characteristics of EEG/ERP-studies on pain processing during hypnosis and hypnotic analgesia.
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TABLE 2 Results of EEG/ERP-studies to investigate the felt intensity and amplitudes of brain electrical event-related responses (N100, P200, vertex complex, P300) of noxious stimuli presented during hypnotic trance (HYP) and hypo- and hyperalgesic suggestions or during a distraction condition from the pain stimuli in comparison to a trance and suggestion free control condition.
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There are many reasons for this low overall agreement. But in our opinion, they are probably very strongly related to the different hypnosis inductions and hypoalgesia and hyperalgesia suggestions, as far as the differences between inductions and suggestions of the studies were comprehensible from the sparse descriptions of the methods. Other reasons could be that the context and demand requirements for the participants, which Orne emphasized very strongly many years ago (Orne, 1962), were different, and that the experimental conditions also differed significantly. It is striking that the three studies of our study group, which were carried out at long intervals and sometimes several years apart, hardly differed from each other in terms of the effects of hypnosis and suggestions, despite the completely different test subjects and different people who carried out the studies and mediated the hypnosis (from very experienced hypnotherapists to students who read the hypnosis instructions from the text and transmitted them into the experimental room via microphone). This last reason reinforces our hope that future studies might better disclose and document which methods of hypnotic induction and suggestion were used, and perhaps experimental studies will be planned and presented in which these aspects are examined in much more detail.



2.4 Imaging methods (PET and fMRI) investigating pain processing during hypnosis and hypnotic analgesia

The third level of brain research on pain processing relates to imaging technologies which focus on questions regarding which brain structures are significantly involved in the processing of painful states using imaging methods such as magnetic resonance imaging (MRI/fMRI) or positron emission tomography (PET). Functional MRI detects brain activity by detecting blood oxygenation changes using magnetic fields and radio waves in a non-invasive manner. Blood-oxygen-level-dependent contrast (BOLD) is the magnetic shift in oxygenated vs. deoxygenated blood used in fMRI. Higher neural activity requires more brain oxygen. This demand briefly boosts blood oxygenation by boosting blood flow to the active region. Blood oxygenation fluctuations help fMRI map brain activity. EEG and MEG monitor brain processes in milliseconds, but fMRI resolution is still significantly slower. Because cerebral activity affects blood oxygen levels (BOLD signal), fMRI monitors them. Typically, the hemodynamic response time (HRT) is 3–6 s for the BOLD signal to reflect brain activity changes. However, fMRI can scan brain activity in great detail due to its high spatial resolution. Researchers are adopting machines with greater magnetic field strengths to reduce echo times (TEs) and increase fMRI temporal resolution. Traditional 3 Tesla fMRI scanners have temporal resolutions of 2 s, whereas seven Tesla scanners can attain 100 ms.

PET uses radioactively tagged molecules to measure bodily functions. Brain activity is seen by PET scans using radioactive tracers. Radioactive decay powers PET scans. Unstable radioactive isotopes release positrons. PET scans map radioactive tracer distribution using gamma rays that result from electron-positron annihilation. PET's highest temporal resolution for brain neural activity evaluation currently is around 50 ms. Unlike fMRI, which can only detect brain activity changes in seconds, this is far quicker.

For all three levels of research, a review of experimental work will be presented that shows the processing of pain events recorded with the help of the EEG, ERP, and the magnetic equivalent of both, and with PET and MRT and how different brain regions communicate with each other based on brain electrical oscillations to ultimately constitute the sensation of pain.1 The most important brain regions are presented and it will be discussed which of these structures are altered by trance and hypnotic analgesic or hyperalgesic suggestions and could represent the neuronal basis of hypnotic effects.

A PET study by Crawford et al. (1993) explored the effects of hypnosis on regional cerebral blood flow (rCBF) during ischemic pain with and without suggested hypnotic analgesia in a group of 11 healthy right-handed male students with low (0–4) or high (9–12) scores on the SHSS: C. Additionally, spontaneous EEGs were taken for frequency, brain mapping, and ERP analysis. Participants were thoroughly briefed on the procedures and had a chance to familiarize themselves with the experimental environment. rCBF measurements were taken under three conditions in both states: resting with eyes closed, undergoing an ischemic procedure for up to 15 min, and the same procedure with analgesia suggestions. The order of the last two conditions was varied among subjects. During the waking state, subjects listened to information on child development, and during rest, they were asked to think about a past long exiting trip. Ischemic pain was induced in both arms using the sub-maximum effort tourniquet technique, and the same analgesia suggestions were given in both states. All instructions were delivered via a tape recording. Subjects reported their pain and distress on open-ended scales. Results on CBF indicated changes during hypnotic analgesia, particularly noting significant bilateral activation in the orbitofrontal cortex in highly hypnotizable subjects. CBF in the somatosensory cortex area decreased for these subjects but increased for those less hypnotizable. These observations align with previous research suggesting that hypnosis requires mental effort and involves attentional and disattentional allocations. The study suggests that attended pain leads to increased CBF in the somatosensory cortex, which could also be due to increased muscle contraction during the ischemic technique. Hypnotic analgesia effectively eliminates pain perception in highly hypnotizable individuals (highs), with significant CBF increases noted in the orbitofrontal and sensorimotor cortices.

In a study by Rainville et al. (1997) the role of cortical regions involved in hypnosis and their response to suggestions were investigated. Eight participants with strong hypnotic susceptibility ratings participated in the study, which included baseline, hypnosis, and hypnosis-with-suggestion of increased or decreased unpleasantness. PET scans were used to assess stimulation intensity and unpleasantness after each scan. Significant pain-related activations were observed in SI, SII, IC, and ACC during “painfully hot” versus “neutral” subtractions from alert control scans. After hypnotic induction, painful heat engaged these four cortical regions again, suggesting a minimal effect of induction on pain-related activation. However, hypnotic suggestions for increased or decreased unpleasantness affected pain and some but not all pain-related cortical areas. Comparing rCBF variations between hypnotic suggestion and control conditions showed substantial SI, ACC, and IC pain-related activations during increasing and decreased unpleasantness. No substantial pain-evoked activity was found around SII in either the increased or decreased unpleasantness conditions. The considerable difference in participants' judgments of unpleasantness during the increased and decreased unpleasantness situations shows that hypnotic suggestions selectively influence pain affect. Three pain sites engaged during hypnotic suggestion with more activation during increased unpleasantness scans than decreased unpleasantness scans. S1 pain-related rCBF was non-significantly lower in the increased unpleasantness condition than in the decreased unpleasantness condition, showing no enhanced activation in this region. Regression analyses of unpleasantness ratings and rCBF levels across all participants and all scans collected during the hypnotic suggestion condition for each pain activation location showed that only ACC activation levels encode the felt unpleasantness of these noxious stimuli. The modulation of pain-related activity in ACC closely matches a selective shift in the perceived unpleasantness of painful stimuli. The study confirms past claims that the ACC is implicated in pain and emotions but also shows that the ACC encodes pain unpleasantness.

Another PET study by Rainville et al. (1999) investigated the effects of hypnosis and suggestions on pain perception in hypnotizable subjects using rCBF and EEG measurements to assess brain activity. The study included eight participants with moderate to high hypnotic susceptibility scores. The results showed that hypnosis alone had little effect on pain sensations, but when combined with suggestions for altered pain unpleasantness, there were significant increases in rCBF in regions of the occipital cortex and inferior frontal gyri. There were also decreases in rCBF in the parietal cortex. The study found a strong increase in rCBF in the right anterior cingulate cortex (ACC) in response to hypnosis, independent of pain. The study also evaluated the effects of suggestions alone and found widespread increases in rCBF in the frontal lobes, as well as decreases in rCBF in the uncus, orbitofrontal regions, and cerebellum. Overall, the study suggests that both hypnosis and suggestions can alter pain perception and have distinct effects on brain activity.

The research by Wik et al. (1999) comprised a sample of eight female individuals with fibromyalgia who were subjected to PET scanning during resting wakefulness and hypnotic analgesia induced through visual stimulation. The scans were standardized and evaluated to measure changes in rCBF. Post-scan pain ratings were obtained using a visual analog scale. The results showed a decrease in pain ratings and an increase in rCBF in the subcallosal cingulate gyrus, right thalamus, left inferior parietal cortex, and orbitofrontal cortex during hypnotic analgesia. In contrast, a reduction in rCBF was observed in the posterior cingulate gyrus and posterior portion of the anterior cingulate gyrus. The findings suggest that hypnotic analgesia alters the individual's state of consciousness and prioritizes external suggestions over regular observation.

The study by Faymonville et al. (2000) used PET to examine the effects of hypnosis on the brain's response to noxious stimuli. The study included 11 healthy volunteers who underwent scans in three different states: hypnotic, resting, and mental imagery. The participants were exposed to warm non-noxious and hot noxious shocks to the right thenar eminence, and their pain and discomfort levels were measured. The results showed that hypnosis reduced the intensity and unpleasantness of noxious stimuli. Increased cerebral blood flow was observed in the thalamic nuclei, anterior cingulate cortex, and insular cortices in response to noxious stimuli. During hypnosis, the anterior cingulate cortex and right extrastriate region were significantly activated. The interaction analysis revealed that hypnosis affected pain perception and unpleasantness differently compared to the control states, with specific involvement of the anterior cingulate cortex. In conclusion, hypnosis can modulate the intensity and unpleasantness of noxious stimuli, and this effect is mediated by the anterior cingulate cortex.

This work by Hofbauer et al. (2001) used positron emission tomography (PET) to indirectly assess the brain activity triggered by pain, both before and after using hypnotic suggestions to regulate the perceived intensity of painful stimuli. The strategies used in this investigation were comparable to those used in a prior study conducted by Rainville et al. (1997) which aimed to manipulate the perceived unpleasantness of painful stimuli. During the experiment, 10 participants underwent scanning while being exposed to tonic warm and noxious heat stimuli on their hand. The study consisted of four conditions: alert control, hypnosis control, hypnotic recommendations to enhance pain intensity, and hypnotic suggestions to reduce pain intensity. The study demonstrates that heat stimuli administered during both the awake and hypnosis-control conditions consistently stimulated contralateral structures, including as the main somatosensory cortex (S1), secondary somatosensory cortex (S2), anterior cingulate cortex (ACC), and insular cortex (IC). The manipulation of hypnotic techniques to alter the intensity of pain sensation resulted in notable alterations in the activity of S1, as opposed to the Rainville et al. (1997) study, where the targeted manipulation of pain unpleasantness (emotional response) caused distinct changes in the ACC, regardless of pain intensity. The observed twofold dissociation of cortical modulation suggests that the sensory and classical limbic cortical regions have distinct roles in processing the sensory and emotional aspects of pain, indicating a relative specialization.

The study by Faymonville et al. (2003) involved 19 unpaid volunteers from a pool of 50 individuals who underwent screening. The participants had a high level of hypnotizability assessed as 8 out of 12 on the SSHS-Form C. Data from PET was gathered under three conditions: a state of hypnosis, mental visualization, and a state of rest. Additionally, data were gathered during two forms of stimulation: hot noxious stimulation and warm non-noxious stimulation using a thermode to the hand. During the hypnotic condition, participants were prompted to remember pleasurable personal memories. The hypnotic state was induced by ocular fixation, a 3-min muscle relaxation procedure, and permissive and indirect instructions, customized to the subject's behavior and requirements. The existence of a hypnotic state was ascertained by the observation of rolling eyes, along with the subject's verification through a deliberate foot movement. During the mental imagery, participants were instructed to vividly imagine a positive personal memory and were cautioned about entering a hypnotic state. During the resting state, participants were directed to attain a level of calm and empty their minds. After each scan, participants rated the intensity of the painful stimulation using a standard rating scale. The individuals' perception of pain when at rest was significantly reduced during the hypnotic state, but there was no notable decrease during the mental imagery condition. Given the absence of any notable disparity in pain perception between periods of rest and mental imagery, the PET data of both conditions were merged for further analysis. Compared to states of rest and mental imagery, the hypnotic state enhanced the functional modulation of the midcingulate cortex (specifically area 24a), the bilateral anterior insular cortices, pregenual anterior cingulate cortex (Brodmann's area 32), pre-supplementary motor area (pre-SMA; area 6), right prefrontal cortex (area 8), right thalamus, right striatum, and brainstem. Additionally, lesser significance levels revealed the presence of the left prefrontal cortex (area 10), right prefrontal areas 9 and 11, and the mesiofrontal cortex (area 9). The bilateral occipital cortex was the only area that showed a decrease in its functional connections with the midcingulate cortex during hypnosis, in comparison to the state of normal awareness.

A study by Schulz-Stübner et al. (2004) investigated the neural correlates of hypnosis-induced analgesia using fMRI technology (1.5 T Philips Gyroscan Intera). BOLD signals were measured in response to thermal pain to examine changes in pain perception due to hypnosis. The study involved 12 healthy volunteers who underwent a hypnotic technique involving fixation while receiving suggestions of heavy and warm body sensations. The study design included an event-related approach, with participants randomly assigned to one of two groups. Results showed that hypnosis could be induced within 2 min in all subjects, with the hypnotic state maintained during imaging. Subjects under hypnosis reported either no pain or significantly reduced levels of pain compared to stimulation without hypnosis. Brain imaging results revealed activation of the known pain network without hypnosis, while under hypnosis, new activation was found in the anterior basal ganglia. Decreased activity and reduced regional blood flow were observed in the insula, middle cingulate gyrus, and primary sensory cortex under hypnosis. The left hemispheric anterior cingulate cortex showed increased activity, while the right hemispheric anterior cingulate cortex remained unchanged.

The study conducted by Vanhaudenhuyse et al. (2009) aimed to investigate changes in brain activation and connectivity during hypnosis compared to normal wakefulness. Thirteen healthy volunteers were recruited, and a thulium-YAG laser fMRI paradigm was used. The hypnotic state was induced through muscle relaxation, eye fixation, and recollection of positive memories. Laser stimuli were administered to the left hand, and participants rated their sensory perception. The study found no significant differences in laser intensities between wakefulness and hypnosis. Non-painful stimuli activated the primary somatosensory cortex, insula, and brainstem, while painful stimuli activated additional regions such as the thalamus and anterior cingulate cortex during wakefulness. However, during hypnosis, there was reduced activation in these regions in response to sensory inputs of the same intensity. The study also found increased connectivity between the primary somatosensory cortex and remote cortices during hypnosis. The results suggest that hypnosis can modulate the neural processing of sensory stimuli in the brain.

The primary objective of the next investigation by Nusbaum et al. (2011) used PET imaging to investigate the brain networks involved in hypoalgesia, or reduced pain sensitivity. The study included 14 male participants with chronic low-back pain. The participants underwent PET scans under two conditions: normal alertness and hypnosis. They were divided into two groups, with one group receiving direct suggestions addressing pain and the other group receiving indirect suggestions focusing on overall wellbeing. The participants rated their pain levels using a VAS before and after each condition. The PET scans revealed that analgesic suggestions, whether administered during normal alertness or hypnosis, activated shared brain areas, including the medial prefrontal cortex, superior temporal gyrus, and anterior insula. Deactivations were observed in the cuneus, parahippocampal gyrus, and middle temporal gyrus. Comparing the normal alertness state to rest, analgesic suggestions activated the superior temporal and orbitofrontal gyri, inferior frontal cortex, and cerebellum, while deactivations were seen in the middle occipital and somatosensory cortices, precentral gyrus, and inferior parietal lobule. Comparing the hypnotic state to rest, analgesic suggestions activated the anterior insula, nucleus accumbens, lenticular and caudate nuclei, and anterior cingulate cortex, while deactivations were observed in the precuneus and posterior cingulate cortex. Overall, the study demonstrated that analgesic suggestions reduced pain sensation, with a greater effect observed during hypnosis. The findings support the efficacy of hypnosis in modulating pain perception and highlight the involvement of cognitive-sensory and emotional-weighted brain networks.

The study by Casiglia et al. (2020) examined the functional differences in brain areas activated during painful stimuli before and after hypnotic suggestion of hypnotic analgesia using fMRI. The study included 20 highly hypnotizable volunteers, approximately 30 years of age. The participants underwent hypnotic induction and were verified to be in a hypnotic state by observation of behavioral responses. The fMRI scans were performed on a 1.5 Tesla Philips Achieva system, and participants were instructed to immerse their left hand in icy water or rest during the scans. Pain intensity and tolerance were measured using a visual analog scale and the cold pressor test. The fMRI data showed brain activation in specific Brodmann areas during pain without analgesia and a different activation pattern during hypnotic analgesia. Specifically, BA 9, 32, 25, and 47, as well as the caudate cortex and cerebellum, were activated during hypnotic analgesia, while BA areas 1, 2, and 3 were deactivated. These findings suggest that hypnotic analgesia blocks the transmission of pain signals to primary sensory areas rather than simply dissociating the experience of pain.

The objective of the study by Desmarteaux et al. (2021) aimed to investigate how verbal hypnotic suggestions can affect perceptual processes during hypnosis. Brain activity was measured using BOLD-fMRI in a sample of 24 healthy individuals. Participants were exposed to verbal suggestions to induce hyperalgesia, hypoalgesia, or a normal sensation. A sequence of aversive electrical shocks was administered to evaluate neural responses associated with pain. The brain responses to the suggestions were used to predict changes in pain-related responses using delayed regression analysis. The study found that verbal suggestions influenced the perception of pain, as indicated by pain reports. Brain imaging analysis revealed correlations between brain activity associated with suggestions and changes in brain responses to shock in specific regions involved in pain processing. The study also identified distinct sub-regions within the pain network involved in hyperalgesic and hypoalgesic effects. The parahippocampal complex was found to play a role in contextualizing and modulating pain perception. Overall, the study highlighted the potential of verbal suggestions in modifying subjective experiences during hypnosis.

Tables 3, 4 summarizes the characteristics and effects, respectively, of the imaging studies on pain processing during hypnosis and hypnotic analgesia/hyperalgesia. When we summarize these PET and fMRI studies, we are noticeably surprised that these imaging devices, some of which differ considerably in function and technology, differ so little from each other in some identified brain regions and have produced significantly more coherent results than the studies on event-related potentials. More important for the present study, however, is the fact that the use of these methods to test activated responses of the brain under hypnosis and hypnosis-suggested analgesia and hyperalgesia yielded such a high degree of agreement with existing PET and fMRI studies of regions activated during pain. They demonstrate that hypnosis and the suggestion of hypnotically induced hypo- and hyperalgesia affect many of the brain regions indicated for pain processing and thus lay the neuronal foundation for the effect of hypnotic interventions on pain. If we consider the brain regions outlined above, which underlie the experience of pain as a unit of basic cognitive, emotional, and evaluative functions, hypnosis and its suggestions modify the neuronal activity of all brain structures that are central to the emotional aspects of pain, its sensory aspects, and the assessment of its intensity. In a majority of the studies, for example, corresponding activations/deactivations in the primary and secondary somatosensory brain areas and in downstream structures of area S1 a+b, which are relevant for the body localization of the painful event and the recognition of the sensory stimulus quality, e.g., as burning, pressing, pulling, stinging and its dynamic properties (fast, deep, broad, etc.), are found by the inhibitory or reinforcing quality of the suggestion. There is also activation/deactivation of parts of the insula that are responsible for reading and transmitting information from areas of the brain stem about heartbeat, blood pressure, and other body regulatory processes to the conscious mind. The anterior cingulate cortex is activated in interaction with its middle and posterior regions in response to the pain stimulus as horrible, disgusting, paralyzing, terrifying, etc., and attention is organized toward or away from the pain stimulus in frontal brain regions and parietal areas, e.g., the precuneus. Many other regions join in and make it clear that the hypnotic state and suggestions not only modify the conscious experience accessible to us, but also its basic neuronal functions. Everything we experience as hypnosis is not imaginary, but closely linked to neuronal processes in our brain.


TABLE 3 Characteristics of fMRI/PET-studies on pain processing during hypnosis and hypnotic analgesia.
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TABLE 4 Results of experimental studies on activation/deactivation of brain regions involved in the processing of experimental pain (column 2) and during suggestions of hypnosis and hypnoptic analgesia (columns 3–14).

[image: Table 4]




3 Discussion

All three research approaches of EEG/MEG, ERPs and the two imaging methods fMRI and PET have shown that the changes induced in experience and behavior by hypnosis are accompanied by systematic activation changes in regions of the brain that are relevant for the processing of noxious stimuli and the production of pain. Regarding the somatosensory aspects of the pain experience, such as the body localization of the noxious stimulus and its somatosensory properties as pecking, stinging, pulling, drilling or hammering, etc., or concerning its intensity, the majority of patients do not experience pain in the same way. In the majority of studies that investigated the many regions depicted in Table 2, deactivations in the primary somatosensory cortical fields and association fields as well as the insular cortex occur, which is also reflected in some ERP studies in significantly smaller brain electrical responses of the P200 and P300 amplitudes of the sERP compared to painful stimuli presented in control conditions without hypnosis and hypnotic suggestion. In contrast, S2 shows increased activation in the studies by Rainville et al. (1997) and Hofbauer et al. (2001) when strong stimuli were also perceived as particularly unpleasant. This indicates that this region responds primarily to emotional aspects of the pain stimuli in addition to its somatosensory properties. In studies in which this differentiation between strength and affect type was not primarily investigated, deactivation of the insula was observed, and in almost all studies except that of Wik et al. (1999) the affective control of stimuli under hypnosis or hypnotic analgesia was accompanied by coherent activation, indicating that this region was not particularly affected by the analgesic content of suggestions that focused on reducing stimulus strength. Based on physical reasons that the strength of any dipole diminishes by the square of the distance between source and electrode (Luck and Kappenman, 2011; Luck, 2014), this difference will hardly be reflected in the sERP amplitudes, as the generators of the brain electrical processes of the ACC as well as of the insula that a localized ~3–4 cm below the cortex surface in the middle of the brain hardly become expressed in the averages of the sERP by the relatively smaller numbers of stimuli applied in such studies. Stronger activations can also be seen in the orbitofrontal cortex and various other frontal regions. The orbitofrontal cortex is attributed with the function of being actively involved in the evaluation of emotional stimuli within the context of attended tasks, particularly when it comes to learned emotions (Rolls et al., 2020). However, a distinction must be made here between early and late attention processes, because in many of the sERP studies reported, there was hardly any deactivation of the N100 amplitudes in frontal brain regions under hypnosis or analgesic suggestions (see Table 2), which indicates that stimuli are not blanked out under hypnosis. In later amplitudes, such as the P200 and especially the P300, there were even slight increases observed under hypnosis compared to control stimuli and followed the functional. This indicates that these stimuli are particularly task significant/relevant due to the suggestions since their processing should be changed and thus expressed in sERP amplitude as increased, when a stimulus was assigned a special task (Johnson, 1986). The aim here of the mental and neural systems of the hypnotized person is not to modify all surrounding stimuli, but only the one that causes pain. Our group's previously outlined sERP studies show that acoustic stimuli applied shortly before the pain stimulus were neither masked out nor modified in their physical dimension. The brain electrical amplitudes of the N100 of all three studies by Miltner et al. (1993), Schuler et al. (1996), and Friederich et al. (2001) and the study by Meier et al. (1993) were unchanged and the whole sERP was characterized by a voltage-time diagram that was similar to those observed for these stimuli without hypnosis. Similar activation was observed for the P300 amplitude, i.e., no chance as a function of hypnosis or suggestion of analgesia.

Both tables and the accompanying text initially give the impression that neuroscientific research into hypnosis and hypnotically induced analgesia is primarily contradictory and has produced hardly any consistent results. When looking at the studies and the many differences in hypnotic induction, the verbal content of analgesic suggestions, the various experimental conditions, research and evaluation methods and strategies, and, above all, the many different questions, this is not surprising, because the neuronal response and the interactions between all parts of the brain involved in pain and hypnotic processes react to all differences in a highly sensitive way, so that the prospect that these studies will show any kind of replication beyond very large general structures would be presumptuous. Obviously, every distinguishable aspect of the stimuli to be processed changes a complex network of neuronal structures, so it would be quite unusual if studies as different as the ones described here showed close correspondence in many neuronal details. This would require much more detailed and phenomenally differentiated experimental designs and experimental conditions that would have to be tested against each other. What was important for us in this review was the fact that, at a very rough level of analysis, the various studies at different levels of neuronal methods showed on average clear differences in neuronal activation during the processing of pain under hypnosis and hypnotic analgesia compared to control conditions. The closer the experimental designs and methods matched between the studies, the more similar the global findings were. Given the very different questions, hypnosis inductions, pain stimulation models, suggestion contents and groups of people in the experimental neuroscientific studies on the effects of hypnosis and analgesic suggestion summarized above, it would be desirable for the future of this research, that these aspects would be explored much more systematically and in much more detail in new studies so that in the end there would be even more clarity as to which brain structures for hypnotic effects are indispensable for the treatment of pain and can best be modified by hypnosis.
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Footnotes

1 Studies on the MEG are unfortunately missing in this review, as we could not identify empirical peer-reviewed articles on this topic.
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Background: There is evidence that patients’ positive outcome expectations prior to study interventions are associated with better treatment outcomes. Nevertheless, to date, only few studies have investigated whether individual outcome expectations affect treatment outcomes in hypnosis.

Objective: To examine whether outcome expectations to hypnosis prior to starting treatment were able to predict perceived stress, as measured on a visual analog scale (VAS), after 5 weeks.

Methods: We performed a secondary data analysis of a multicenter randomized controlled trial of intervention group participants only. Study participants with stress symptoms were randomized to 5 weekly sessions of a group hypnosis program for stress reduction and improved stress coping, plus 5 hypnosis audio recordings for further individual practice at home, as well as an educational booklet on coping with stress. Perceived stress for the following week was measured at baseline and after 5 weeks using a visual analog scale (0–100 mm; VAS). Hypnosis outcome expectations were assessed at baseline only with the Expectations for Treatment Scale (ETS). Unadjusted and adjusted linear regressions were performed to examine the association between baseline expectations and perceived stress at 5 weeks.

Results: Data from 47 participants (M = 45.02, SD = 13.40 years; 85.1% female) were analyzed. Unadjusted (B = 0.326, t = 0.239, p = 0.812, R2 = 0.001) and adjusted (B = 0.639, t = 0.470, p = 0.641, R2 = 0.168) linear regressions found that outcome expectations to hypnosis were not associated with a change in perceived stress between baseline and after 5 weeks in the intervention group.

Conclusion: Our findings suggest that the beneficial effect of group hypnosis in distressed participants were not associated with outcome expectations. Other mechanisms of action may be more important for the effect of hypnosis, which should be explored in future research.

Clinical trial registration: ClinicalTrials.gov, identifier NCT03525093.
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 hypnosis; hypnotherapy; stress; stress reduction; outcome expectation; randomized controlled trial


Background

The European Agreement on Work-Related Stress defines stress as a state characterized by physical, psychological, or social complaints or dysfunctions resulting from individuals feeling unable to meet the demands or expectations placed upon them (Broughton, 2004). This definition underscores the global recognition of health-related problems associated with stress (Fisch et al., 2020a; Gnall et al., 2023; Mazure et al., 2023; Popescu et al., 2023; Sara et al., 2023; Walther and Wirtz, 2023). In Germany, a survey of 1,200 adults found that 61% reported experiencing stress either frequently or occasionally (Wohlers and Hombrecher, 2016).

Hypnosis is a state of focused attention and heightened suggestibility that can be induced by a trained professional. It has been used as a therapeutic tool for a variety of clinical purposes, including stress reduction. A 2017 systematic review examined the effects of hypnosis in patients with perceived stress. While six of the nine included studies reported significant positive effects of hypnosis on stress reduction, all of the included studies had a high risk of bias and used exploratory designs (Fisch et al., 2017). Since the publication of the aforementioned review, our research group has conducted a multicenter randomized controlled trial offering group hypnosis for stress reduction and improved stress coping, which showed a reduction in perceived stress in the hypnosis group compared to the control group at both 5 and 12 weeks (Fisch et al., 2020a). Other studies have also shown that hypnosis leads to a lower perception of stress (Payrau et al., 2017; Olendzki et al., 2020; Slonena and Elkins, 2021; Vahdat et al., 2022).

Although scientific evidence from other fields suggests that expectations are able to positively influence treatment outcomes for a range of medical conditions and procedures (Mondloch et al., 2001; Constantino et al., 2011; Auer et al., 2016), little research has examined whether expectations to hypnosis might be able to predict treatment outcomes.

Patients’ expectations may encompass their beliefs about the efficacy of hypnosis and their anticipated outcomes from the treatment in question. To date, few studies have attempted to discern whether individuals with high expectations of positive outcomes to hypnosis will experience more significant benefits compared to those with low expectations (Sliwinski and Elkins, 2017; De Pascalis et al., 2021; Egli et al., 2022). This debate is imperative because it raises questions about the role of psychological factors in the therapeutic process and the validity of hypnosis as a treatment modality in its own right. A perspective that has not been very well researched suggests that patients with different expectations to hypnosis may experience a different therapeutic effect, whereby their belief in the efficacy of the treatment may influence their response to it (Frisaldi et al., 2015; Koban et al., 2017). In this respect, participants’ expectations may confound the interpretation of study results, making it challenging to isolate the specific effects of hypnosis itself. As indicated by other studies, expectations also contribute to placebo and nocebo effects (Petrovic et al., 2005; Wager et al., 2007; Tracey, 2010). Consequently, they could also influence the effectiveness of hypnotic interventions (Kirsch, 1985). Moreover, it is assumed that hypnosis in clinical practice can induce altered states of consciousness independently of initial expectations and produce therapeutic benefits through suggestion and relaxation techniques.

We performed a secondary data analysis to examine whether treatment expectations to a group hypnosis program for stress reduction and improved stress coping would be able to predict perceived stress in the previous week, as measured on a visual analog scale, after 5 weeks.



Methods


Study design

This study comprised a secondary analysis of the two-armed randomized, controlled, open, multicenter HypnoStress trial (Trial Registration No. NCT03525093; Ethical Approval No. EA1/067/18). Details of the original study have been published elsewhere (Fisch et al., 2020a). This paper reports findings from a secondary data analysis only and required no additional ethical approval.



Participants and recruitment

Individuals were considered eligible for participation in the original trial if they were aged between 18 to 70 years, reported a subjective stress level of 40 mm or higher on a visual analog scale (VAS) for the preceding week (measured on a scale of 0 to 100 mm), reported a perceived increase in stress lasting for at least 3 months, maintained overall good health, and provided written informed consent. Conversely, individuals were excluded if they were currently participating or planning to participate in another psychological stress reduction program within the next 12 weeks, were currently undergoing psychotherapy, had a moderate or severe acute or chronic medical condition, or had an acute or chronic mental health problem. Recruitment for the study was conducted via newspaper ads in Berlin and Coesfeld, the Charité Outpatient Department for Integrative Medicine’s website and newsletter, the psychotherapeutic clinic in Coesfeld, the Studienhospital Münster’s Newsletter, and flyers at the MEDIAN Zentrum Bad Pyrmont. Potential participants underwent a preliminary consultation with a psychologist or study physician, where they were informed about the study.



Randomization

A detailed summary of the randomization and intervention content is provided in the original article (Fisch et al., 2020a). Briefly, patient enrollment was conducted under the supervision of study physicians and study psychologists. Following informed consent, enrollment and baseline assessments, participants were randomized to either the intervention or control group, using a 1:1 allocation ratio via a central telephone randomization line by an independent study nurse. The randomization was stratified by study center and in blocks of 20 participants (to take into account the group size of 10 people). SAS (Version 9.4) was used to generate the random allocation sequence.



Study intervention

Both the intervention and control group received a written educational booklet on behavioral stress management provided by a German health insurance company (Wagner-Link, 2017). The booklet contained sections on “recognizing stress,” “managing stress,” and “preventing stress.” The “recognizing stress” section outlined the physiological underpinnings of a natural stress response, detailing various facets of stress reactions, including cognitive, emotional, vegetative, and muscular aspects. It also aimed to sensitize readers to identify individual stressors. In the “managing stress” section, common stress management strategies such as problem-solving, time management, various relaxation techniques, sports, and recognizing and modifying unfavorable attitudes were introduced and briefly discussed. The third section, “preventing stress,” introduced the salutogenesis model and provided insights into the structure and promotion of resilience factors, with a particular emphasis on maintaining social connections. Additionally, this section outlined short-term stress management strategies and offers a suggested training protocol (Wagner-Link, 2017; Fisch et al., 2020b).

In addition to this, the intervention group received a hypnosis group program, which was previously designed, refined and tested in a feasibility study (Fisch et al., 2020b). The primary objectives of the hypnosis group program were to induce relaxation, assist participants in recognizing, activating, and experiencing resources for coping with stressful situations, foster the development and refinement of stress-coping skills, and impart mental training and anchoring techniques. The program was delivered by certified hypnotherapists (two psychotherapists and one family physician) and consisted of five standardized sessions of health education, hypnotic inductions, and therapeutic discussions. Hypnosis sessions were conducted weekly with groups of 8 to 12 participants and lasted 120 min. Additionally, at the end of each session, participants were provided with pre-recorded audio recordings (available as either CDs or downloadable MP3 files) of the hypnosis exercises so that they could self-practice at their convenience and discretion. Control group participants were offered free participation in the hypnosis group program following study completion.



Outcome measures

Relevant outcomes for this secondary data analysis were:

Stress: perceived stress level in the previous week was measured on a visual analog scale (VAS; 0–100 mm: 0 = no stress, 100 = maximum stress) after 5 weeks.

Outcome expectations: expectations to hypnosis treatment were measured using a modified version of the Expectations for Treatment scale (ETS) (Barth et al., 2019). Participants were asked to indicate their expectations to hypnosis on a Likert scale ranging from 1 (low expectations) to 4 (high expectations): “I expect that hypnosis will help me deal with stress better,” “I expect stress levels to disappear as a result of hypnosis,” “I expect my energy to improve as a result of hypnosis,” “I expect my physical performance to improve as a result of hypnosis,” “I expect that after the hypnosis stress levels will improve significantly.” Items were summed to create a total score, with a minimum score of 4 indicating low expectations and a maximum score of 20 indicating high expectations.

Demographic variables: self-reported data on age, gender, education, employment status, health parameters and stress factors were obtained at baseline.



Statistical analysis

The ETS was collapsed into a dichotomous variable using the median value (MD = 13.00) as the cut-off to group individuals into high (if the median score was above MD = 14.00) and low (if the median score was below MD = 13.00) expectations in order to determine and display baseline group differences regarding expectations to hypnosis only. Baseline group differences for sociodemographic, health and stress-related characteristics were analyzed using t-tests for continuous data and chi-square tests or Fisher’s exact test for small cell counts for categorical data, and summarized using means, SDs, or percentages.

Unadjusted linear regressions were then calculated to examine whether expectations to hypnosis (for this the ETS sum score was used) in the intervention group would be able to predict change in perceived stress between baseline and after 5 weeks as measured on a VAS. Linear regressions were subsequently adjusted for any potential confounders (baseline stress, study center, age, and sex). To determine whether expectations to hypnosis (for this the ETS sum score was used) in the intervention group would be able to predict change in perceived stress between baseline and after 5 weeks, we performed a sensitivity analysis using Spearman’s rho correlation to examine whether this non-parametric alternative would yield similar results as the linear regression. All results were considered exploratory. Analyses were conducted using the IBM Statistical Package for Social Sciences (SPSS), Version 28.



Sensitivity analysis

Two sensitivity analyses were conducted to test the robustness of our results. For the first we performed a non-parametric correlation analysis using Spearman’s rank-order correlation to determine expectations to hypnosis and change in perceived stress between baseline and after 5 weeks. For the second we performed unadjusted and adjusted regression analyses using the change in Cohen’s Perceived Stress Scale (CPSS) (Cohen et al., 1983) score as an outcome.




Results

Detailed sociodemographic characteristics of the sample are outlined in the original study article (Fisch et al., 2020a). Table 1 shows the comparison of sociodemographic characteristics between those with high and low expectations to hypnosis in the intervention group. We observed no relevant differences at baseline in individuals with high and low expectations.



TABLE 1 Comparison of sociodemographic characteristics between those with low versus high expectations in the intervention group (baseline).
[image: Table1]

Unadjusted linear regressions showed that expectations to hypnosis were not associated with a change in perceived stress between baseline and after 5 weeks (B = 0.326, t = 0.239, p = 0.812, R2 = 0.001) (Figure 1).
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FIGURE 1
 Expectations to hypnosis and perceived stress after 5 weeks in the intervention group.


Similarly, adjusted linear regressions showed that expectations to hypnosis were not associated with a change in perceived stress between baseline and after 5 weeks (B = 0.639, t = 0.470, p = 0.641, R2 = 0.168) (Figure 2).
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FIGURE 2
 Expectations to hypnosis and perceived stress after 5 weeks in the intervention group; adjusted for respective baseline value, study center, age and sex.



Sensitivity analysis

Sensitivity analysis using Spearman’s rank-order correlation indicated no relevant relationship between expectations to hypnosis and change in perceived stress between baseline and after 5 weeks (rs = 0.06, p = 0.703).

Similar to our other findings unadjusted (B = −0.350, t = −0.870, p = 0.389, R2 = 0.018) and adjusted (B = −0.118, t = −0.341, p = 0.735, R2 = 0.400) linear regressions found that outcome expectations to hypnosis were not associated with a change in perceived stress between baseline and after 5 weeks in the intervention group on the CPSS.




Discussion

Contrary to previous research that has shown that expectations predict treatment outcomes (e.g., Auer et al., 2016), our findings showed no association between participants’ expectations and perceived stress after 5 weeks. Consequently, other contextual factors, such as hypnotic relaxation, active resource activation, and reframing techniques and group interactions may have played a greater role than expectations in determining treatment outcomes.

Our results showed that overall participants had relatively high expectations at baseline (M = 13.74, SD = 2.72) before being randomized to and participating in the group hypnosis program. Therefore, it could be suggested that future studies should include individuals with more diverse expectations in order to determine how these may be associated with varying treatment outcomes. For example, research on recovery expectations in patients with back pain (Kamper et al., 2015) has shown that the level of expectations may indeed predict treatment outcomes, with high expectations leading to the greatest improvement compared to moderate and low expectations. Further to this, participants’ baseline level of stress was relatively high in our study. However, future research which includes individuals with low, moderate, and severe levels of stress is necessary to determine the interplay between a diverse range of expectations and the outcome under investigation.

Information on patients’ expectations was only collected at baseline. As a result, we do not know whether expectations changed over the course of the group program. Yet, it has been proposed that patient expectations to treatment should be assessed before, during and after treatment as expectations may change over the course of treatment (Kamper et al., 2015; Laferton et al., 2017).

In addition, we did not assess whether trial participants had previously undergone hypnosis. Nevertheless, it may be important to ascertain this, as expectations may be influenced by previous exposure to hypnosis. For example, research has shown that individuals who had previously received acupuncture prior to participating in a trial investigating different briefing contents before a minimal acupuncture treatment in patients with chronic low back pain had higher expectations than those who had never received acupuncture. However, the study authors caution that higher expectations cannot be explained solely by patients’ previous experience with acupuncture, but that the relative contribution of contextual factors on patients’ pre-treatment expectations should also be considered (Zieger et al., 2022).

Although the ETS has shown to be a valid and reliable scale for measuring outcome expectations, it was originally developed in the context of acupuncture (Barth et al., 2019). While the scale has been used to determine outcome expectations across a variety of studies, there has been mixed evidence as to whether expectations predict therapeutic outcomes (de Matos et al., 2020; Barth et al., 2021; Egli et al., 2022; Zieger et al., 2022; Müller-Schrader et al., 2023). Further research should therefore be conducted using different treatment outcomes and patient populations to further explore to what extent the original scale and any modified versions are indeed able to accurately predict outcome expectations. Furthermore, the scale is not based on any theoretical models and only examines positive outcome expectations. Nonetheless, this may be problematic, as the absence of theory and negative outcome expectations could lead to important constructs being missed, thus limiting researchers’ ability to determine whether expectations do indeed predict treatment outcomes.

Lastly, we did not explore the potential influence of other variables, such as trust in the therapist. These factors may interact with expectations in complex ways that were not addressed in our research.

To our knowledge this is the first study that has explored the predictive value of expectations on hypnosis for stress reduction. It contributes to the growing understanding of the relationship between patient expectations and treatment outcomes in general, but more specifically in the field of hypnotherapy. In addition, it is based on a randomized controlled multicenter trial with high adherence rates and whose intervention was thoroughly designed and delivered by qualified hypnotherapists (physicians or psychological psychotherapists). We also recognize that the small number of study participants is a clear limitation of this secondary analysis, which may affect the generalizability of our findings. Furthermore, we did not originally plan to perform any further analysis, and therefore the results can only be interpreted in an exploratory manner.



Conclusion

In this analysis, we found no association between participants’ expectations and perceived stress at 5 weeks in the intervention group. Our results suggest that factors contributing to the effect of hypnotherapy may have acted independently of participants’ expectations. Further research is required to explore the complex relationship between pre-therapy expectations and hypnotherapy outcomes.
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Irritable bowel syndrome (IBS) is a frequent health condition which can be associated with functional disability and reduced health-related quality of life. IBS is classified as a disorder of the brain-gut axis. IBS is a very heterogenous condition with regards to the underlying pathophysiological mechanisms, the clinical picture and the amount of functional impairment. Within a biopsychosocial model of IBS psychosocial factors can play a role in the in the predisposition, triggering and development of chronicity. Somatic or psychosocial or a mixture of both factors might predominate in an individual patient. Gut-directed hypnosis is a special type of medical hypnosis combining standardised gut-directed suggestions (hypnosis) with suggestions tailored to the psychological characteristics of the patient (hypnotherapy). Of brain-gut behavioral therapies, cognitive bahvioral-based interventions and gut-directed hypnosis have the largest evidence for both short-term and long-term efficacy in controlled trials for IBS and are recommended by current European and North American gastroenterology guidelines as second line treatment options. Standardised gut-directed hypnosis is available by audiotapes and can be part of a multicomponent self-management approach by digital health applications. It can be used – based on the patient‘s preferences—as first line therapy for mild forms of IBS. Severe forms of IBS require face-to-face interdisciplinary management. Standardised gut-directed hypnosis and hypnotherapy tailored to the individual patient can be part of this approach.
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Introduction

Gastrointestinal symptoms such as abdominal pain, stool and defecation problems, and bloating are extremely common in the general population at any particular point in time and are experienced on a continuum, from short self-limiting to clinical conditions with negative impact on social functioning, and health-related quality of life. In up to 50% of persons with chronic abdominal symptoms seeking for medical care, no somatic disease sufficiently explaing the symptoms can be found (Enck et al., 2016). Different approaches with regards to diagnostic criteria are used by different medical specialties for these medical conditions. They are labeled “medically unexplained somatic symptoms” in general medicine, functional somatic syndromes in internal and psychosomatic medicine and “somatoform disorders” or “bodily distress syndrome” in psychiatry and psychology (Burton et al., 2020).

Hypnosis has a long history of ups and downs of its role in somatic medicine. In the era of evidence-based medicine, the importance of a treatment depends on the availabilty of studies demonstatring its efficacy and effectiveness and its inclusion in clinical guidelines (Häuser et al., 2016; Häuser, 2022; Peter, 2023).

This mini-review will focus of one of the most frequent medical conditions associated with abdominal symptoms, namely irritable bowel syndrome (IBS) and the significance of hypnosis in its management. The aims of the paper are as follows:

• To give an overview on the diagnostic criteria of IBS

• To discuss the importance of psychological therapies in general and of gut-directed hypnosis in particular as outlined in gastroenterology guidelines in the management of IBS

• To give an overview on the techniques, the mechanisms of action and the efficacy/effectiveness of gut-directed hypnosis for IBS


IBS-diagnostic criteria

IBS can be defined by the criteria of the Rome Foundation, an independent not-for-profit organization. The most recent iteration, Rome IV, were published in 2016 These define IBS as the presence of abdominal pain, related to defaecation, associated with a change in stool frequency and/or stool form. Patients are subgrouped according to their predominant stool pattern into IBS with diarrhoea (IBS-D), IBS with constipation (IBS-C), IBS with mixed bowel habits (IBS-M) or IBS unclassified (IBS-U), to direct therapy (Drossman and Hasler, 2016). This subgrouping has been driven by the need to create subgroups for specific pharmacological therapies. The Rome-IV subgrouping neglects one of the most embarassing for patients, namely stool urgency (Saha, 2014) as well avoidance behaviours (food, sexual activities, school/work, leisure times) of patients (Häuser, 2022).

To exclude a somatic disease, current guidelines recommend some obligatory baseline investigation (e.g., blood and stool tests) and – depending on the main symptom (e.g., diarrhea, constipation) and the age of the patient—additional specialist diagnostic (e.g., colonoscopy) (Lacy et al., 2021; Layer et al., 2021; Vasant et al., 2021).

As in somatic diseases such as heart insufficiency or liver cirrhosis, different degrees of IBS-severity in IBS can be differentiated. Severity can be defined by a biopsychosocial composite of patient-reported gastrointestinal and extraintestinal symptoms, degree of disability, and illness-related perceptions and behaviors. Severity can be subcategorized into clinically meaningful subgroups as mild (∼40%), moderate (∼35%), and severe (∼25) (Drossman et al., 2011).



Irritable bowel syndrome – a disorder of gut-brain interaction

IBS is a very heterogenous condition with regards to the main gastrointestinal symptoms, the amount of associated other somatic symptoms, psychological distress and disability. The pathophysiological mechanisms vary between the patients (Ford et al., 2020). IBS is conceptualised as a disorder of altered bidirectional communication between the gut and brain (via the gut-brain axis). It has a biopsychosocial aetiology: Genetics, and epigenetic changes, infection and early adverse life events may predispose an individual to developing IBS. Chronic stress, mental disorders (anxiety, depression), negative beliefs about symptoms and maladaptive coping mechanisms can increase the frequency and severity of symptoms (Layer et al., 2021; Vasant et al., 2021). Therefore, the Rome IV process redefined IBS, formerly called functional gastrointestinal disorders, as a disorder of gut-brain interaction, in recognition of the complex interplay of biological, psychological, and social factors underpinning the condition (Drossman and Hasler, 2016).



Management of IBS

There is no known cure for IBS and treatment is limited to symptom management strategies. Current guidelines (Germany, Great Britain, United States) (Lacy et al., 2021; Layer et al., 2021; Vasant et al., 2021) recommend a graduated and tailored (according to symptoms) management approach (see Table 1). First and second line pharmacological treatments are recommended for primary and secondary care (respectively) (see Table 1).



TABLE 1 Graduated treatment approach of irritable bowel syndrome [adapted from Drossman and Thompson (1992)].
[image: Table1]



The importance of psychological therapies in the management of IBS

Making a positive diagnosis, information on normal life expectancy, explanation of the condition within an individual biopsychosocial model based on the history and findings of the patient, discussing treatment options based on the previous experiences and preferences of the patient, managing expectations and enhancing self-efficacy of the patient by promoting a healthy life-style are the basic psychological actions to be taken by the primary care physician and the gastroenterologist (Lacy et al., 2021; Layer et al., 2021).

Psychological therapies are recommended as second line treatment when symptoms /disability will not improve after three months (Layer et al., 2021) and 12 months therapy, respectively (Vasant et al., 2021). The British guideline states that referral can be made at an earlier stage, if accessible locally, and based on patient preference (Vasant et al., 2021). The German guideline recommends psychological treatments in case of significant disability and of mental comorbidities and /or dysfunctional coping (Layer et al., 2021).



Gut-directed hypnosis of IBS – mechanisms of action, efficacy, and effectiveness

Several psychological therapies are efficacious for IBS, although none are superior to another. CBT-based interventions and gut-directed hypnotherapy have the largest evidence for both short-term and long-term efficacy in RCTs (Black et al., 2020).

Gut-directed hypnosis modulates the gut-brain axis, with several studies demonstrating positive changes in gut-brain function before, and immediately after, hypnosis, including modulation of postprandial gastro-colic reflex activity, altered colonic motility, reduced visceral hypersensitivity and normalisation of gut-brain pain processing signals on functional brain imaging (Vasant et al., 2021). It may alter the patient’s focus of attention and/or his/her beliefs about the meaning of sensations from the gastrointestinal tract, because other somatic symptom and psychological distress are reduced after treatment (Palsson et al., 2002).

The efficacy of gut-directed hypnosis has been demonstrated with the highest level of evidence, namely systematic reviews of randomised controlled trials. Eight randomized controlled trials with a total of 464 patients and a median of 8.5 (7 to 12) hypnosis sessions over a median of 12 (5 to12) weeks were included into one systematic review. At the end of therapy, hypnosis was superior to control conditions in producing symptom relief (Relative Risk [RR], 1.69; 95% Confidence Interval [CI] 1.14 to 2.51), Number needed to treat [NNT] 5 [95% CI 3 to 10] and in reducing global gastrointestinal score (Standardised Mean Difference 0.32 [95% CI 0.56 to 0.08]). At long-term follow-up, hypnosis was superior to controls in adequate symptom relief (RR, 2.17 [95%CI 1.22 to 3.87]; NNT 3 [2 to10]) (Schaefert et al., 2014). Another meta-analysis of 6 RCTs, recruiting 639 patients, reported a RR of remaining symptomatic of 0.73 (95% CI 0.55 to 0.97) compared with education and/or support and 0.67 (95% CI 0.49 to 0.91) compared with a waiting list control (Black et al., 2020). In addition, there are convincing long-term outcome data demonstrating effectiveness in routine clinicla care. 204 patients prospectively completed questionnaires scoring symptoms, quality of life, anxiety, and depression before, immediately after, and up to six years following hypnotherapy and assessed the effects of hypnotherapy retrospectively in order to define their “responder status.” 71% of patients initially responded to therapy. Of these, 81% maintained their improvement over time while the majority of the remaining 19% claimed that deterioration of symptoms had only been slight (Gonsalkorale et al., 2003). In the largest clinical series to date, including 1,000 patients, >75% of patients refractory to standard medical treatment achieved a clinical response to hypnotherapy, defined as a ≥ 50-point reduction in IBS symptom severity score. There were also significant improvements in extraintestinal symptoms, and anxiety and depression scores. Outcome was unaffected by bowel habit subtype (Miller et al., 2015). It is important to note that psychological therapies, but not pharmacological treatments, can lead to long-term improvement in IBS (Whorwell, 2024).



Graduated gut-directed hypnosis

Hypnotherapy has previously only been recommended for patients with IBS when symptoms are refractory to conventional treatments (Hookway et al., 2015). A meta-analysis of RCTs showing that gut-directed hypnotherapy is one of the few treatments that performs better than a control for patients with refractory symptoms (Black et al., 2020). One of the barriers to wider scale provision of gut-directed hypnotherapy are the cost of its delivery, including time intensity, and the requirement for a trained therapist. Patients with IBS in tertiary care with severe functional limitations may require individualised hypnotherapy, with the content of sessions customised to their symptom profiles. According to the clinical experience of the author, psychotherapy in severe cases has also to target mental comorbidities, unresolved emotional conflicts and traumatic events (Häuser, 2023). In these cases, gut-directed hypnosis can be combined with psychotherapy in trance (hypnotherapy) or other psychotherapeutic methods. In addition, behavioral interventions such as graduated exposure (food, social activities) are necessary in case of an inapproriate avoindance behavior of the patient.

Patients in primary or secondary care benefit from group-delivered hypnotherapy (Moser et al., 2013). In a large, multicentre, RCT in patients with IBS in primary or secondary care, group hypnotherapy was shown to be non-inferior to individual hypnotherapy (Flik et al., 2019). In a Swedish study with 119 patients, nurse-delivered gut-directed hypnosis was as efficacous in reducing colonic, extracolonic and psychological symptoms than individual therapy (Lövdahl et al., 2022). Some of the patients of the author were able to benefit from one or two sessions of face-face gut-directed hypnosis which were recorded and used regularly by the patient afterwards. The progress of the self-management by audiotapes was monitored by email and /or video consultation. In addition, clinical outcomes via video-consultation of gut-directed hypnosis have achieved similar response rates compared with face-to-face treatment (Hasan et al., 2019).

Taking into account the limited availability of traditional and internet-delivered face-to-face psychotherapy, digital health applications (DiGAs) by app-based digital therapeutics are becoming important for IBS, too. In Germany, an electronic e-health application for IBS controlled by the German Federal Institute for Drugs and Medical Devices (BfArM) can be prescribed by physicians and the costs are reimbursed by the statutory health insurance companies. The application includes a twelve week course with education about IBS, dietary advices and psychological therapies (cognitive behavioral -based interventions and gut-directed hypnosis). The hypnosis session lasts 30 min. Daily practicing is recommended (Cara Care, 2024). No contact with a health care professionalist is possible. In a randomized controlled trial including 378 participants, 70% of the participants reported a clinically relevant reduction of IBS symptoms after the course compared to 30% in the control group which could only access the questionnaires of the app-based digital therapeutic (Weißer et al., 2023). A US study compared digital gut-directed hypnosis (GDH) with digital progressive muscle relaxation (MR) accessed via a mobile app on a smartphone or tablet in 362 patients. A similar proportion of the digital GDH (30.4%) and MR (27.1%) groups met the primary endpoint defined as ≥30% reduction from baseline in average daily abdominal pain intensity in the 4 weeks following treatment (Berry et al., 2023). Of 52 patients completing 12 sessions of remote GDH via Skype using the Manchester protocol during the COVID -19 pandemic. 27 (52%) indicated that they would have opted for remote over face-to-face GDH, regardless of the pandemic situation (Noble et al., 2022). The applicability of remote GDH only without therapeutic support might by limited by low adherence rates. Seven of 42 sessions of the Manchester protocol could be downloaded for free and 35 sessions could be purchased between June 2019 and April 2020. 2,843 patients with self-reported IBS commenced the free sessions, 1,428 (50%) purchased the app and 253 (9%) completed all 42 sessions. Users who completed the program reported clinically relevant improvements in their IBS symptoms (Peters et al., 2023). Nevertheless, digital gut-directed hypnosis could also be used as first line treatment instead of diet and pharmacological agents if preferred by the patient. The efficacy of gut-directed hypnosis is similar to guideline-recommended first line treatments of IBS. Low FODMAP-diet is recommended as first line therapy by guidelines (Lacy et al., 2021; Layer et al., 2021; Vasant et al., 2021). A controlled study demonstrated that the effects of gut-directed hypnosis were similar to those of the low FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols) for relief of gastrointestinal symptoms. Hypnotherapy was superior to the diet on psychological indices (Peters et al., 2016).

A graduated approach of gut-directed hypnosis and hypnotherapy is outlined in Table 2. The first line options might be sufficient for patients with slight IBS. In contrast, severe IBS requires a multicomponent treatment with pharmacological agents, diet and psychological therapies. The psychotherapeutic approach can combine elements of standardised gut-directed hypnosis with hypnotherapy and /or other psychological techniques such as cognitive-behavioral interventions or psychodynamic therapy (Häuser, 2023) (see Table 2).



TABLE 2 Graduated gut-directed hypnosis and hypnotherapy.
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The Manchester protocol of gut-directed hypnosis

There are two standardised protocols of gut-directed hypnosis available, the North Carolina (Palsson, 2006) and the Manchester protocol (Gonsalkorale, 2006). A script of a gut-focused hypnosis and a guide with practical aspects of delivery of the Manchester protocol is available (Vasant and Whorwell, 2019). Most controlled trials have used the Manchester protocol. It was first used to treat patients with severe refractory IBS-symptoms as part of a controlled clinical trial here in Manchester, using a symptom-orientated or “gut-directed” approach (Whorwell et al., 1984) It is important to note that the Manchester protocol is package of interventions in which hypnotic interventions are embedded in consultation, education and regular daily practice by the patient with audiotapes. The protocol starts with standardised direct suggestions (medical hypnosis), but allows individualised (Ericksonian techniques) tailored to the individual psychological profile of the patient in the second part of the protocol (hypnotherapy). Patients are seen on an individual or group basis and the overall treatment package consists of an initial consultation followed by up to 12 therapy sessions, usually at weekly intervals.

The consultation provides the opportunity to establish rapport with the patient and includes by

• Obtaining a full clinical history and assessing symptoms and any contributing factors, explaining the origin of symptoms and thus offering a model for applying hypnotic intervention by giving an overview of normal gut function and the current understanding of physiological mechanisms underlying IBS symptoms, i.e., disordered motility, visceral hypersensitivity and altered processing of gastointestinal stimuli in the brain

• Reassuring the patient about hypnosis and what treatment will involve: learning mental skills and techniques to develop control over the physiological mechanisms influencing the gut that are not normally under their conscious control.

1st (and 2nd) sessions include a training in relaxation/hypnotic induction. In addition, ego-strengthening suggestions are given. From 2nd or 3rd sessions gut-directed suggestions for control and normalization of gut function, e.g., hand warmth on abdomen, imagery of a normal gut function, imagery of a healing light, imaginal rehearsal (the patient imagines him or herself in any previously feared or avoided situations—such as shopping—but now with the gut working normally), decatastropizing suggestions. During reorientation, posthypnotic suggestions are given.

The Manchester group has demonstrated in a RCT with 444 patients that six sessions of gut-directed hypnosis led to similar levels of improvement in IBS symptoms, noncolonic symptoms, anxiety, depression, and quality of life compared with 12 sessions (Hasan et al., 2021).



Predictors of response (Manchester protocol)

With regard to bowel habit, diarrhea responds better than constipation. Women respond better than men (Whorwell, 2024). Patients who have a clear mental image of their condition and who chose a positive color to describe their mood on the Manchester Colour Wheel are more likely to respond to treatment. Interestingly, high hypnotizability measured indirectly on the Tellegen Absorption Scale did not seem to be associated with a better response to gut-directed hypnosis (Whorwell, 2024). A higher burden of gastrointestinal and extraintestinal symptoms and lower anxiety scores at baseline were predictors of response defined as ≥50-point decrease in IBS-Symptom Severity Scale or ≥ 30% reduction in pain severity scores in a post-hoc analysis of a randomised controlled trial comparing six to 12 sessions gut-directed hypnosis (Hasan et al., 2021; Devenney et al., 2024).



Contraindications

The general contraindications for hypnosis (psychotic disorders, histrionic and borderline personality disorders and passive-receptive attitudes) (Peter and Revenstorf, 2023) are also valid for gut-directed hypnosis.




Discussion

Gut – directed hypnosis is one of the rare sucess stories of hypnosis in medicine. It has been recommended by European and North American gastroenterology guidelines for the management of IBS. Digital health applications have enlarged the availability of gut-directed hypnosis. It is particularly interesting to note that gut-directed hypnosis relieves a wide range of symptoms associated with IBS which is in contrast to medications which often only target one symptom such as pain or bowel function. Furthermore, it often relieves the non-colonic symptoms which seldom improve with pharmacological approaches. Long-lasting effects of gut-directed hypnosis have been demonstrated in contrast to pharmacological therapies.

Gut-directed hypnosis should be regarded as part of a treatment package consisting of education, dietary manipulation, and “as necessary” medication rather than being a “stand alone” approach for moderate and severe forms of IBS. Gut-directed hypnosis can be considererd as a single therapy for mild foms of IBS. However, Whorwell and coworkers have noted that patients with very mild symptoms do not necessarily do so well with hypnotherapy presumably because the motivation for embarking on a time consuming, relatively labor intensive form of treatment is not strong enough (Whorwell, 2024).

Some authors include hypnosis into the methods of complementary and alterantive medicine (Behzadmehr et al., 2020). The US National Centre for Complementary and Integrative Health (2021) has defined CAM as “diverse medical and health care practices and products that are not presently considered to be part of conventional medicine”. However, gut-directed hypnosis is an evidence-based treatment an part of conventional medicine. Scientific hypnosis associations should fight against the inclusion of medical hypnosis as a complementary/alternative treatment within the many non-scientifically based methods of the so-called mind–body medicine (Häuser, 2022).
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If hypnosis means contact to the unconscious to modulate psychological and physiological functions by means of suggestions, and if this is facilitated by attenuation of the critical mind, then the question arises as to whether suggestions also have an effect when waking consciousness is otherwise eliminated, namely by coma or anesthesia. A prerequisite would be perception, which actually is evidenced by reports of patients after traumatic brain injury, artificial coma, resuscitation or general anesthesia. Moreover, posttraumatic stress disorder (PTSD) frequently observed after these medical situations is hardly explainable without some sort of awareness under such conditions. Even advanced neurophysiological diagnostic cannot yet rule out consciousness or sensory processing. Especially reference to perception during unconsciousness is given by the results of a recent multicenter study on the effects of hypnotic communication with patients under controlled adequate deep general anesthesia. The observed reductions in incidence and severity of postoperative pain, opioid use, nausea and vomiting cannot be explained by the reaction of a few but only by a considerable proportion of patients. This leads to a strong plea for a more careful treatment of unconscious patients in the emergency room, operating theater or intensive care unit, for the abandonment of the restriction of therapeutic communication to awake patients, and for new aspects of communication and hypnosis research. Obviously, loss of consciousness does not protect against psychological injury, and continuation of communication is needed. But how and what to talk to unconscious patients? Generally addressing the unconscious mind with suggestions that generally exert their effects unconsciously, hypnotic communication appears to be the adequate language. Especially addressing meaningful topics, as derived from the basic psychological needs and known stressors, appears essential. With respect to negative effects by negative or missing communication or to the proposed protective and supporting effects of therapeutic communication with patients clinically rated as unconscious, the role of consciousness is secondary. For the effects of perceived signals and suggestions it does not matter whether consciousness is absent, or partial, or unrecognized present.
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1 Introduction

Various conditions can lead to an alteration or even loss of consciousness. The origin can be physiological processes like sedatives, impairment of the brain by drugs (psychedelics, alcohol, sedatives, narcotics), or metabolic, ischemic or traumatic brain injury (Young, 2009; Eapen et al., 2017). With increasing severity this becomes a medical issue, particularly in the form of general anesthesia or coma. The extent can be scored according to residual responsiveness, e.g., by Glasgow Coma Scale, Ramsay-Scale, or Sedation-Agitation-Scale (Bordini et al., 2010). With total unconsciousness defined as the lack of any reaction to external stimuli, communication usually comes to an end, both from the patient’s and the helpers` side. But is this really so, and is it reasonable? Does unresponsiveness exclude perception? In case of doubt, communication should not be discontinued.

Several observations of emergency, surgical or intensive care patients suggest perception even in unconscious patients. When hypnosis is the establishment of contact with the unconscious and the influencing of psychological and physiological functions by means of suggestions (Erickson, 2009; Elkins et al., 2015; Linden et al., 2024), and if the possibility for this is opened up primarily by bypassing waking consciousness and the elimination of critical reason (Ahlskog, 2018; Peter, 2024, this issue), then the question arises as to whether hypnotic suggestions also have an effect when waking consciousness is otherwise eliminated, namely by coma or general anesthesia. Touching the unconscious in the unconscious.

Considering these situations and conditions it is important to remember that perception and its impact largely depend on the importance and meaning of the perceived signal or message. Moreover, suggestibility, i.e., the extend of the reactions to suggestions, is massively increased in trance, a non-ordinary state of consciousness that is induced by hypnosis or extreme situations (Peter, 2024, this issue). The events that lead to the states to be discussed, namely an accident or a trauma resulting in coma, the need for surgery under general anesthesia, or complications and disorders making intensive care necessary, all represent such “extreme,” trance-inducing conditions. Could the triggered elevation in suggestibility also be significant when in the course of such events unconsciousness has occurred?



2 Consciousness/unconsciousness

Before evaluating and discussing evidence for perception in different states and disorders of consciousness (DoC) and the possibility of communication, some definitions or rather what is understood by this in the following seem appropriate. “Consciousness” is a subjective experience that plays a considerable role in the psychological, physical, and behavioral reactions to external and internal stimuli. However, the precise definition can vary considerably between philosophers, neurophysiologists and clinicians. Here, clinical aspects are of priority. “Connectiveness” refers to the connection of consciousness to the external world allowing experience of external stimuli (Sanders et al., 2012). Examples of disconnected consciousness are dreaming in sleep, namely rapid-eye-movement (REM) sleep, or dreaming in anesthesia. It also can be induced by hypnosis. “Memory” is not essential for experience, nor is it for consequences of perception. For recalls of events that have taken place during unconsciousness a distinction is made between explicit and implicit memory. Explicit memories are reported spontaneously by the awakened patient, or can be determined by structured interviews or questionnaires after the phase of unconsciousness. Implicit memories are not consciously remembered by the patient, but can be evaluated under hypnosis (Levinson, 1965; Cheek, 1966), or by association techniques (Schwender et al., 1994). Remembrance, however, is strongly dependent on attention, emotional content and meaning. “Responsiveness” means the behavioral interaction with the outside world, and is divided in spontaneous and goal-directed (following a command) responses. This responsiveness is not only dependent on the perception of an input, but also limited by restrictions in the output, for instance by pharmacological muscle relaxation, psychic or neurologic paralysis, attention, and motivation. Another indicator for perception in unconscious patients is the phenomenon of near-death-experiences (NDE). They can be described as internal awareness experienced in unresponsive conditions and classified as disconnected consciousness (Martial et al., 2020). Such memories are reported after situations close to death, e.g., cardiac arrest or coma, characteristically connected with unconsciousness. The reported memories can be detailed and true, or false (Martial et al., 2018). Both harbor the risk of traumatization, e.g., the true perception of fixation straps during intensive care or the oneiroid “false memory” of being a war prisoner.

Clinically, mainly behavioral responses and memories are used for assessment of consciousness, which both neither allow precise judgment of consciousness, nor evaluation of the consequences of any perception. Even fragments of information can be behaviorally functional yet kept out of consciousness (Mashour, 2013).

Considering the effects of external stimuli including communication on patients that present as “unconscious,” one has to deal with all these components in its different appearance and characteristics, and their combinations. This creates great complexity and hampers simple equations like unresponsiveness = unconsciousness (Sanders et al., 2012). Moreover, this complexity is the reason for many disadvantageous misconceptions in a number of severe medical situations (Table 1).



TABLE 1 Frequent disadvantageous misconceptions with unconsciousness.
[image: Table1]

The “cognitive unbinding paradigm” is based on the “integrated information” theory that describes unconsciousness as interrupted information. Consciousness is lost due to impaired communication across brain networks and the consequent isolation of cognitive processing modules (Mashour, 2013). Thus, isolation rather than extinction of neural activity or sensory processing is sufficient for unconsciousness. Or other way around, areas and networks in the brain involved in information synthesis and inter-modal processing may be disrupted, while sensory networks and processing can persist despite unconsciousness. Moreover, from hypnosis we know that psychological and physiological functions are especially regulated and modifiable in the unconscious mind, and reaching the conscious level is not necessary for effects of verbal and nonverbal suggestions (Knafo and Weinberger, 2024; Peter, 2024, this issue). Specific rather than general neural network disruption is the common cause of unconsciousness, with differing resilience of brain areas and their connections affected by trauma, circulatory disorder or drugs. Neuroimaging has demonstrated persistent sensory processing during impaired network communication in coma or general anesthesia. Functional connectivity of sensory networks was found relatively unperturbed for instance after anesthetics (Mashour, 2013). Cognitive processing can persist in unconscious states, while the binding of this activity into a meaningful conscious representation is inhibited, which on the other hand is not required to trigger effects. A summary of connections between consciousness and perception are depicted in Figure 1.

[image: Figure 1]

FIGURE 1
 Unconsciousness and perception. NDE, near death experience; PTSD, posttraumatic stress disorder.




3 Emergency medicine and resuscitation

One of the most exciting reports of positive communication in emergency medicine is the “Kansas experiment.” There, avoidance of unrelated or negative conversation and a positive text recited during transport to the hospital resulted in more patients surviving the transport and the hospital stay, and quicker recovery rates (Jacobs, 1991). The hypnotherapist M.E. Wright had trained three groups of ambulance attendants to do so for 6 month and compared outcome to control groups. In this study, the text (Table 2) was used for accident victims regardless “whether they were stuporous, conscious, or unconscious,” which means that unconscious patients were included. It was assumed that with the trauma “a narrowing of the total psychological functioning has occurred so that there is an acute responsiveness in some areas and a lack of awareness in others,” and that “shock can be considered a radical mobilization of the body to preserve essential life functions to sustain survival” maintaining minimal reception of information. Wright had the idea that “in such situations the person’s usual critical responsiveness to the environment has been altered so that whatever stimuli do reach are often subject to literal translation and can either aggravate or support the life systems that are hanging on..” This description also perfectly applies to other forms of unconsciousness (see the following) and to states of “natural trance” induced by stress, fear and pain in emergencies or when facing surgery (Cheek, 1962a). It is a pity and a shame that in the time after the “Kansas experiment” of 1976, this study was never reproduced in the subsequent 48 years to be published in a medical journal.



TABLE 2 Text of the “Kansas Experiment” read out during transport of accident victims (Jacobs, 1991).
[image: Table2]

The most important and convincing evidence for perception in unconscious emergency patients stems from studies on cardiopulmonary resuscitations (CPR). With his book “Life after life” of 1975 based on 150 interviews, Raymond Moody shaped the expression “near-death experience” and raised the public and scientific interest in this topic (Moody, 2001). In 1979 a study was published on 2000 patients interviewed after life-threatening situations. 60% reported near-death-experiences (NDE) including perception of the external processes and the stress of not being able to make themselves heard (Shoonmaker, 1979). In addition to the selective evaluation of patients in appropriate situations, there exist also epidemiological studies using representative surveys. NDE were found in 15% of US Americans, with one third reporting extraordinary experiences including out-of-body-experience (OBE), which usually is combined with perception and description of the external events. A survey of 4,000 Germans revealed NDE in 4.5% in the normal population, mainly after experiencing emergencies, surgeries or cardiac infarctions, with 6% actually suffering clinical death (Knoblauch et al., 2001). Particularly noteworthy is that 65% of them felt mentally wide awake, and 30.5% described OBEs.

More precise with regard to perception during death and CPR is the report of van Lommel et al. (2001). In a prospective study of 344 patients surviving hospital resuscitation after cardiac arrest, 18% had NDE, with no correlation to oxygen deficiency, duration of cardiac arrest and massage, medication, or religious belief. In some of these patients a flat EEG was recorded. 25% of the patients had an OBE and reported details of the CPR. One patient told the nurse exactly where she had placed his dental prosthesis lost during resuscitation. In another study, 90 out of 93 reports by patients after OBE were accurate (Holden et al., 2009). In 2014 the results of the AWARE (AWAREness during REsuscitation) study, a prospective study on awareness during CPR, was published (Parnia et al., 2014). Of 140 patients surviving in-hospital cardiac arrest and resuscitation (16% overall survival rate), 9% had NDE, while 2% described awareness with explicit recall of actual events related to their resuscitation, including seeing and hearing the rescuers. One had a verifiable period of conscious awareness “during which time cerebral function was not expected..” In the second prospective AWARE study 11 of 28 (21%) surviving and surveyable patients after resuscitation for cardiac arrest reported memories and perception from cardiac arrest without external signs of consciousness (Parnia et al., 2023). One described “they were putting two electrodes to my chest, and I remember the shock.”

All of these patients had suffered clinical death defined as the period of unconsciousness caused by total lack of oxygen in the brain (anoxia) resulting from the arrest of circulation, breathing, or both. Under the subsequent conditions of cardiac low flow during manual cardiac compressions the brain can survive but not function (van Lommel, 2011). It has been argued that effective CPR could allow temporary awareness. This is discrepant to the fact that even during effective CPR cardiac output and oxygenation are impaired and limited, which is incompatible with higher cerebral performances. The mentioned reports contrast completely to CPR-induced consciousness with observable signs, observed in 0.2–0.9% of resuscitations (West et al., 2022). On the other hand, an important characteristic of NDE is the high alertness and awareness reported by the patients, as well as the exceptionally good recall of the perceived experiences, even decades later. This reflects non-congruence of consciousness and perception. Furthermore, reports of synchronized gamma oscillations - signifying heightened lucid consciousness - in humans and animals on electroencephalography (EEG) during cardiac arrest and death, has raised the intriguing possibility of electrocortical biomarkers of lucid/heightened consciousness during cardiac arrest (Borjigin et al., 2013).

Another clue to perception could be the occurrence of posttraumatic stress disorder (PTSD) or other newly developed psychiatric morbidity after CPR such as depression, anxiety disorder, or substance abuse (Oh et al., 2022). How can somebody be stressed without being aware of the stressful situation? A high incidence of PTSD following CPR of 27% was reported (Gamper et al., 2004). Interestingly, sedation during CRP does not prevent PTSD but worsens survival.



4 Coma and intensive care

Consciousness quite often is impaired in patients during intensive care due to coma after traumatic or ischemic brain injury, intoxication, or infectious or metabolic disorders, or due to pharmacological coma ranging from sedation to “medically-induced coma” (to reduce brain metabolism). The resulting disorders of consciousness (DoC) have a diverse appearance including coma, all sharing unresponsiveness (Hannawi et al., 2015). Coma is defined as a state of profound unawareness from which the closed-eyes, non-communicating patients cannot be aroused (Kondziella et al., 2020). In contrast, the term “vegetative state/unresponsive wakeful syndrome” denotes a condition of wakefulness without awareness, where patients open-eyes exhibit only reflex behaviors. These patients may recover to a “minimal conscious state” (MCS), where non-reflex cortically mediated behaviors fluctuate spontaneously or dependent on certain stimuli or specific situations. In addition, assessment of consciousness perception may be further obscured by existence of islands of consciousness and functional fluctuations. The situation is aggravated by an apparently innate reflex to stop communication when someone has their eyes closed.

The prevalence of PTSD after intensive care including such patients is high, amounting to 20-25% (Parker et al., 2015). The strains are manyfold: being fixed and restrained in bed, treated with vasopressors (that mimic stress response) or paralyzed, continuous noise and lighting, unpleasant manipulations, often mechanical ventilation, and the perceived severity of the life-threatening illness itself (Warlan and Howland, 2015). These strains are not restricted to conscious perception. For instance, PTSD signs and symptoms are found in 35% of mechanically ventilated patients that usually are comatose or sedated (Bienvenu et al., 2013). Rather than the clear memories of an awake patient, these are the delusional memories of frightening perceptual experiences that are associated with the development of PTSD, and are more likely to be retained over time (Jones et al., 2007). However, having no memory of ICU is not beneficial either (Granja et al., 2008). No memory of their admission to the ICU in half of the patients was found strongly associated with the development of PTSD. A considerable portion of these patients is sedated or unconscious at the time of admission, an important cause for their amnesia for that time. Moreover, the use of restrains, necessitated by unconscious agitation and movements, is associated with PTSD (Davydow et al., 2008).

The idea that psychological trauma is dependent on conscious perception and that sedation would reduce risk for PTSD has turned out to be wrong. In fact, the risk is enhanced by sedation. A review found use of benzodiazepines and duration of sedation correlating with PTSD (Wade et al., 2013). Possible explanations are that conscious perception reduces the trauma, or that the trauma is aggravated as communication is often stopped as soon as the patient’s eyes are closed, and he or she is ignored while inappropriate conversations may occur. The realization that drug-induced loss of consciousness is not protective, and can even enhance stress and PTSD led to attempts to reduce the stress of mechanical ventilation by lighter levels of sedation, intermittent spontaneous breathing trials and early extubation. However, their validation is yet missing. Instead, hypnotic communication has been used successfully to reduce stress and fasten weaning from the respirator (Szilágyi et al., 2014). Most suggestions, both negative and positive ones, especially those of company and care, are transmitted to and perceived by the unconscious mind. An example is the calming down of heart rate when a visiting relative speaks to a deeply sedated patient. Patients may be able to unconsciously gauge a nurse’s or doctor’s intention and sense, if they are stressed or compassionate. Difficult to frame into a study, most intensive care physicians can recall patients that after long recovery report events and words from times where they were considered unable to hear or perceive anything. Among other things, discussions and decisions are reported about to stop artificial coma (used to reduce brain metabolism during restricted blood flow with increased intracranial pressure) or to use extracorporal membrane oxygenation (ECMO, “artificial lung”). At the time of such decisions patients usually are deeply unconscious. Likewise, NDE have also been reported after severe brain injury of traumatic or other origin (Hou et al., 2013). Incidence was reported with 15%, and correlation to mechanical ventilation, sedation, surgical reason for admission, and dissociative propensity (Rousseau et al., 2023).

Severe acquired brain injuries resulting in a DoC provide a model from which insights into consciousness can be drawn (Di Perri et al., 2014). Diagnosis is difficult when based only on behavioral assessments, common in clinical routine. Latest research in terms of both improving the diagnosis of patients with DoC, and understanding the brain processes underlining consciousness, reveals an underlying broad and more complex than previously thought alteration of brain connectivity architecture. However, neuroimaging and electrophysical techniques are still insufficient to detect possible consciousness residuals in severely traumatic brain injured patients.



5 General anesthesia

Interestingly, general anesthesia is also called drug-induced hypnosis, and literature searches for the term “hypnosis” regularly yield references about anesthesia. But can patients under anesthesia perceive anything at all, especially words? There are indications for it. David Cheek, an American gynecologist and hypnotherapist, was the first to point this out after narrations of his patients under hypnosis of events and conversations from earlier operations (Cheek, 1962b), without being believed. However, reports of intraoperative wakefulness with explicit memory increased, and to this day it occurs in about 0.2% of anesthetics (Ghoneim, 2000; Mashour and Avidan, 2015). Implicit memory can be revealed by association or under hypnosis. For example, in the 1990s Agnes Kaiser incorporated a text around the Robinson Crusoe story into a study using acoustic-evoked potentials (AEP) to investigate the influence of different anesthetic procedures on the primary auditory pathway as a way to measure depth of anesthesia (Schwender et al., 1994). The text played intraoperatively led postoperatively to associations Friday-holiday or Friday-island or Friday-Robinson instead of Friday-weekend-beginning. Effects of the positive text were unfortunately not studied at all. The observed high incidence is now considered to be due to inadequate anesthesia, and the actual incidence of implicit recall is reported to be 2%. Due to the negative content and consequences of such intraoperative perceptions, including a high incidence of PTSD, these are usually attributed to “inadequate anesthesia” and every effort is being made to avoid it. Modified anesthesia management and anesthesia depth monitoring have indeed reduced the traumatizing occurrence of intraoperative wakefulness, but has not yet been able to eliminate it (Tasbihgou et al., 2018). Moreover, primary sensory areas are relatively resistant to loss of consciousness under anesthesia (Nourski et al., 2018).

However, the recall of memories is shaped by meaning. What is important enough of intraoperative auditory stimuli to be remembered? A much higher incidence of intraoperative awareness was clearly demonstrated in the experiments of B.W. Levinson in South Africa in the 1960s, which today would be considered unethical (Levinson, 1965). In 10 patients under EEG-controlled general anesthesia a hypoxia alarm was simulated intraoperatively. “He′s got blue lips! There are ventilation difficulties..” and “I do not like this color!.” Postoperatively, four of the patients under hypnosis repeated the words correctly, while another four showed a fear reaction with termination of the trance. Accordingly, incidence of perception was 80%, in striking contrast to the otherwise reported occurrence of intraoperative awareness. Presumably, the reason for the high incidence in this case is the high, life-threatening significance of the given suggestion. Interestingly, massive efforts to rule out “intraoperative awareness” by EEG-derived monitors of anesthetic depth were not successful. The incidence can be reduced but not eliminated, its existence is not limited to insufficient anesthesia.

On the other hand, the phenomenon of intraoperative perception has repeatedly led to attempts to use it for positive suggestion. Some studies have reported reductions in pain, anxiety, postoperative nausea and vomiting (PONV), and subsequent need for medication (Williams et al., 1994; Nilsson et al., 2001). A recent meta-analysis identified 32 adequate randomized controlled trials (RCTs) from 7,427 reports involving 2,102 patients, but showed no effects on pain intensity or psychological distress, but small but significant positive effects on recovery and use of medication (Rosendahl et al., 2016). These findings raised hope that a non-pharmacologic approach such as therapeutic suggestion during general anesthesia might be beneficial for surgical patients. However, the RCTs identified were relatively old (1986-2001), small in size, and heterogeneous in design. In addition, therapeutic and prophylactic regimens have changed in the intervening period, the management and depth of anesthesia were not standardized in these studies, and the suggestions used were heterogeneous and often included negations. The approach also did not find its way into clinical routine anywhere.

However, recently the effect of hypnotic suggestions was investigated again. A controlled, randomized, triple-blinded multicenter study was conducted at five German university hospitals with 385 patients undergoing painful surgery of 1–3 h duration under general anesthesia (Nowak et al., 2020, 2022). A 20-min text set to background music, followed by a 10-min break, was played repeatedly over earphones for the entire duration of the surgery, and a text on anesthesia withdrawal was played in the final phase. The depth of anesthesia was strictly controlled and the intervention strictly during anesthesia only. The control group also received earphones but no audio recording. The intervention text was based on hypnotherapeutic principles, and did not contain negations (such as “they will not be in pain!”). Especially, issues of meaning such as competence and caring of the surgical and anesthesiologic team, self-regulation, dissociation to a safe place, affirmation, fear control, and confidence were addressed (Table 3) (Link to the text and audio file: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.898326/full#supplementary-material). The results were a significant reduction in postoperative pain level (NRS) by 25% over the 24-h observation period. In line with this, a significantly reduced need for analgesics, namely the opioid piritramide and also the additional medication with non-opioids, by one third was observed. With 36.6% patients without any analgesics a number needed to treat (NNT) of six was found. This means that if six patients received this intraoperative communication, postoperative pain medication (including its potential side effects) was avoided entirely in one patient as a result of this treatment alone (Nowak et al., 2020). In these patients at increased risk for postoperative nausea and with vomiting (PONV), that common and debilitating side effect of surgery and anesthesia also was significantly reduced with the hypnotic intervention. Incidence of both early and late manifestations, i.e., early and delayed PONV, were halved. Moreover, an observed NNT of 7 indicates that medication with antiemetics can be avoided entirely in 1 of 7 patients (Nowak et al., 2022). This study demonstrates high efficacy in reducing side effects of anesthesia and surgery with a simple, practical, non-pharmacological intervention. In addition, it makes the case for a wide application of intraoperative hypnotic suggestions, as well as perioperative therapeutic communication for surgical patients in general.



TABLE 3 Text example from study on intraoperative suggestions (Nowak et al., 2020).
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6 Discussion


6.1 Significance for medicine

There is another point worthy of consideration: The results of this study cannot be explained by the known “intraoperative awareness” with the reaction of only a few patients, but suggest that a considerable portion of patients can perceive auditory signals and suggestions under general anesthesia. Moreover, insufficient depth of anesthesia was excluded in this trial, in contrast to former older studies on intraoperative suggestions (reviewed in Rosendahl et al., 2016). Therefore, given these results and other evidence provided above that patients might be traumatized during unconsciousness, namely during resuscitation, general anesthesia or coma, we are faced with the fact that these patients are not shielded from perception. Their experience may include negative, disturbing and harmful words, noises, or sensations (Hansen and Zech, 2019). However, the same channel could be used for positive, helpful, healing suggestions.

“BE CAREFUL, THE PATIENT IS LISTENING should be engraved over the door of every operating room, every recovery room, every intensive care unit in every hospital” stated David Cheek 58 years ago, when he was first to describe a phenomenon meanwhile known as “intraoperative awareness” (Cheek, 1966). Nevertheless, the practice in operating theaters or intensive care units has not changed to a consistent considerate wording. Intensive care nurses may disagree and say that they now do announce their interventions: “We will turn you on your side.” “Do not be frightened, we will wash you now.” But such informative announcements miss a helpful meaning. Only with a supportive, meaningful message for the patient does such conversation becomes therapeutic with effects on health and healing. More appropriate statements would be: “We’ll turn you on your side for your comfort.,” “We will wash you now to keep you clean and to support your healing.,” “This temporary fixation in bed is for your safety.” Not just information and usual talking is needed, but “Therapeutic Communication” that has an impact on psychological and physical functions and thereby on symptoms, illness, healing, and well-being of the patient (Hansen, 2024). That is why it is now time for a new call (Hansen, 2022).

Half the challenge would be addressed and solved if we could stop or at least contain negative suggestions and nocebo-effects that are omnipresent in medicine (Hansen and Zech, 2019). Accordingly, avoidance or reduction of the negative influences are mandatory for all patients, the more for patients suffering acute disorders of consciousness. We know from hypnosis that suggestions, in general, do not act on a conscious level but reach the unconscious mind to exert their effects (Peter, 2024, this issue). Similarly, non-conscious activation of placebo and nocebo responses has been demonstrated (Jensen et al., 2012). Consciousness is no prerequisite for perception and subsequent psychological and physical reactions. Subliminal stimuli, masked from conscious awareness, are known to modify behavior, and the amygdala can be activated in the absence of cortical processing (Ohman et al., 2007). Moreover, there is evidence for unconscious learning (Clark et al., 2002). As a consequence, careful handling of unconscious patients is warranted. Even more: Those who are not convinced of the existence of perception by the unconscious should at least accept some kind of “reversal of the burden of proof.” They should ask themselves: What would I want to experience or what would I want to hear, if I were unconscious and there was the slightest chance that I might experience anything after all? When in doubt give the benefit of the doubt to the unconscious but perceiving patient!

The idea that even if there is some awareness in the unconscious patient, the brain will be attenuated and effects of signals from outside will be reduced, might be completely wrong and the opposite might be true. Disturbing noises and conversations must be banned from medical treatments under these circumstances. However, it would be short-sighted to see the threat of injury only in negative terms. Negative is also the lack of positive suggestions. Earplugs that shield from disturbing noises and negative talks or attempts to avoid insufficient depth of anesthesia, however useful it may be, represent only the second-best solution. “Why are you giving a bolus of propofol right now?” I asked a resident giving general anesthesia. “I had the impression of insufficient anesthesia at that moment.” “Well, if that’s so, what would be the most important thing to do next?.” “?.” “To talk to the patient!.” It must be considered that probably the unconscious patient not only is the one who needs communication most, but whom it benefits most. After elimination or containment of negative stimuli the necessary second step is the realization that every opportunity must be utilized to support patients with therapeutic communication. It is indicated before, during and after stressful situations such as surgery, and regardless of whether the patient is awake or unconscious. Non-communication is hard for awake patients, for unconscious patients it is disastrous. The awake patient can satisfy his need for communication, the unconscious is left depending on grace and understanding of empathetic health care personnel.

The stressors reported by PTSD patients after accident, resuscitation, coma or intraoperative awareness are not pain or discomfort, as one might assume, but feeling alone, helpless, unable to draw attention to themselves, without control and being at the mercy of others, with the inability to communicate. The deficit is both from the patient’s side: “I was not able to express myself, they could not hear me.,” and from the health care side: “Nobody talked to me, they did not take notice of me.” It is a detrimental biological reflex that as soon as persons have their eyes closed, they are not recognized and addressed any more. Sedation is of no help but aggravates the situation.

Unconsciousness appears to represent an especially vulnerable phase, possibly because of lack of conscious safety mechanisms. Moreover, the lack of memories adds stress (Silva et al., 2019). Of course, early detection and post-trauma treatment of PTSD is indicated, although very time-consuming and often only partially effective (Peris et al., 2011; O'Toole et al., 2016). However, avoidance of stressful perceptions and influencing the stress during its generation and impact seems more important and more promising. Initial results on awake patients in an emergency department that showed less PTSD after life-threatening acute coronary syndrome associated with perceptions of good clinician–patient communication point in this direction (Chang et al., 2016). When we have lost consciousness, we may not remember, we may not react, but we may feel the presence of a caring person who speaks to us friendly and calmly, like a mother to her child (Silva et al., 2019). The solution for the communication deficit is no a drug, but communication. This is what the unconscious patient needs (Table 4).



TABLE 4 What is necessary for communication with unconscious patients?
[image: Table4]

But what to say?



6.2 What to say to the unconscious?

In this regard, much can be learned from hypnosis, since not the conscious mind but getting in contact to and communicating with the unconscious mind lies in the middle of its expertise (Peter, 2024, this issue). The Hypnosis Definition Committee (HDC) of the American Psychological Association (APA) recently defined hypnosis as a “state of consciousness involving focused attention and reduced peripheral awareness characterized by an enhanced capacity for response to suggestion” (Elkins et al., 2015). Hypnotic trance can be defined as a non-ordinary state of consciousness that is accompanied by a number of neurophysiological changes, which can be detected directly by electroencephalogram and magnetoencephalogram and indirectly by near-infrared spectroscopy (NIRS), positron emission tomography (PET), and functional magnetic resonance imaging methods (Vanhaudenhuyse et al., 2014; Wolf et al., 2022; Miltner et al., 2024, this issue). Unfortunately, none of these methods has so far proven to be sufficiently specific for the characterization of the hypnotic state in general or for different degrees of the hypnotic state. Although individual parameters have repeatedly been claimed to be valid, they could not be confirmed by replications. Actually, this is not surprising given the diversity of hypnotic phenomena. Different brain activities are involved in motoric, sensory or cognitive tasks and effects. Moreover, while, for instance, most often hypnotic trance and hypnotherapy are associated with relaxation and “going deeper and deeper,” trance and the same hypnotic interventions and phenomena can be induced by active-alert hypnosis (Bányai, 2018). The latter is well known from sport-induced trance, and in part involves completely different brain areas. Some hypnotic phenomena now can be assigned or brought into connection to certain brain networks (Wolf et al., 2022). What used to be described with psychological terms such as “dissociation,” for instance, can be understood today as disconnectivity in the brain. As a whole, hypnosis represents the neurophysiological correlate of a subjective experience that presents itself as a sometimes extremely reduced self-reference, i.e., a lack of self-awareness, self-control or even a complete diminished self (Lynn et al., 2019; Peter, 2024, this issue).

Hypnosis can also be described as the skill to perpetuate and influence trance, be it induced (traditional hypnosis), or spontaneous. The latter results from the survival advantage of a natural trance as an emergency reaction providing effective skills of pain and stress control (e.g., dissociation) and access to physiological functions regulated in the unconscious (Cheek, 1962b; Hansen et al., 2024). Thereby, hypnosis can be effective without hypnotic trance induction in the form of “conversational hypnosis” (Short, 2018). Regardless of the trance induction, then hypnotic suggestions can be implanted directly into the patient’s unconscious, namely by the short-term elimination of conscious evaluation processes and the uncritical acceptance of the suggestions presented. Against this background, the content and also the form of the suggestions presented are decisive for the “unconscious” reception. Both forms of hypnosis have proven highly effective for many areas of medicine. Actually, strongest evidence for the use of hypnosis exists for acute medical interventions (Kekecs et al., 2014; Rosendahl et al., 2024, this issue).

Different biological, psychological, and social factors contribute more or less to outcomes in different subsets of individuals or for different conditions (Jensen et al., 2015). Little is known about the effectiveness of different hypnotic interventions when the brain is impaired by specific lesions, for instance those resulting in language deficits (left hemisphere). Examining the performance of a patient who suffered a stroke destroying most of his left hemisphere by two hypnotisability scales suggested that hypnosis can be mediated also by the right hemisphere alone A further study of 16 patients with unilateral strokes of the left or right hemisphere found no substantial differences in hypnotisability between the two groups (Kihlstrom et al., 2013). Psychotherapy is successfully applied in neurorehabilitation, yet without specificity to the brain lesions (Castelnuovo et al., 2016). In applications of hypnosis for awake craniotomies, i.e., brain surgery with awake patients, to avoid drug effects, no restrictions in the effects of hypnotic interventions were observed. This clinical experience concerns brain tumor surgery in the vicinity of eloquent or motoric areas (Hansen et al., 2013; Frati et al., 2019), and placement of electrodes for deep brain stimulation in Parkinson’s or tremor patients (Zech et al., 2018). Therefore, it appears neither possible nor necessary to select hypnotic interventions dependent on the detection of certain intact brain areas in brain injured patients. Above all, a specific neurological or neurophysiological diagnosis must not lead to the exclusion of the option for hypnotic therapeutic communication. In contrast, it is an argument of the “Conceptual Analysis” presented here that such exclusions from communication, for instance of unconscious patients, have been and are the origin of stress and further injury of patients. This concept does not aim to shape hypnotic interventions to a specific problem of a specific patient (like in hypnotherapy), or to the specific residual brain function capacity (after pharmacological, traumatic, or circulatory impairment). In contrast, it proposes to address basic psychological needs common to all patients, and to not limit provision of such communication to experts.

Both placebo effects and hypnotic interventions are based on meaning. Accordingly, it has been proposed to name the effect of conditioning and expectation “meaning response” instead of “placebo effect” (Moerman and Jonas, 2002). Similarly, hypnotic suggestions get their meaning and effectiveness through their meaningful content. But what is meaningful for the unconscious patient? It is the fulfillment of the basic physical and psychological needs. The following basic psychological needs have been identified (as outline by K. Grawe): Binding and affiliation, pleasure gain and displeasure avoidance, orientation and control, self-esteem enhancement and self-protection, and superordinated integrity and consistency (Grosse and Grawe, 2002). Their unsatisfaction leads to stress and trauma. The following stressors that have been identified in various groups with high risk for PTSD can be assigned to them: abandonment and not being able to express oneself, pain and suffering, chaos and futility, being at the mercy of others and hopelessness, degradation and threat, and superordinated disturbance and injury (Table 5). From there, 10 themes can be derived that should, or better, must be addressed in “a person in need,” be it a refugee, an accident victim, or a patient, conscious or unconscious: Accompaniment, contact, well-being, information, confidence, control, guidance, respect, safety, and healing (right column in Table 5). This principle has been used successfully to create texts for anesthesia induction (Hansen et al., 2024) or patients undergoing surgery under general anesthesia (Nowak et al., 2020), but moreover also allows to generate your own text for your patients (Hansen, 2024).



TABLE 5 Derivation of meaningful communication with persons in need.
[image: Table5]

Important techniques of hypnosis in medicine include structured and controlled dissociation, as well as reframing of disturbing sensations (Hansen et al., 2024). Further principles for hypnotic communication are images of healing and the use of specific suggestions, such as cold, ice or snow to provoke analgesia and vasoconstriction. Other suggestions like the flowing of a stream target peristalsis or diuresis. The same applies to wound healing or immune responses (psycho-neuro-immunology) that are not regulated by reason and will, but by functional images anchored in the subconscious just like other involuntary bodily functions. Not relying on an alert mind, understanding and voluntary actions, and addressing the unconscious mind, hypnosis seems particularly suitable for patients where higher cerebral functions are temporarily impaired. Both placebo/nocebo responses and hypnotic suggestions can be understood as autosuggestion, in the sense of “communication to the subconscious” (Mommaerts and Devroey, 2012). Thus, the appropriate language for talking to unconscious patients is hypnotic communication, to “touch the unconscious in the unconscious.”



6.3 Significance for hypnosis and neuroscience

With hypnotic techniques adequate for handling patients in shock, during resuscitation, general anesthesia, or in coma, a wide field of application opens up in emergency medicine OR and ICU. This means a high demand for counseling and training of health care personnel that are close to the patients in these situations. The presented concept proposes use of hypnosis, however different from hypnotherapy without formal hypnotic induction. Furthermore, instead of a special therapy by a specialist for special patients, it proposes application of therapeutic communication of all health care staff to all patients, be they awake or unconscious (Hansen et al., 2024). An unexpected and remarkable result of the aforementioned study published in BMJ (Nowak et al., 2020) was equal or better effectiveness of suggestions during general anesthesia compared to hypnosis in wake patients (Kekecs et al., 2014), with effect sizes of 0.45 vs. 0.35 with regard to pain reduction, and 0.36 vs. 0.23 with regard to the reduced need for analgesics, respectively. One of the strongest evidence for the use of hypnosis exists for medical interventions (Rosendahl et al., 2024, this issue). The results and correlations discussed in this Conceptual Analysis can be a stimulation to extend hypnosis for patients undergoing surgery from pre- and post-operative application to include also the intraoperative phase. This extends the communicative intervention thus from prophylaxis and therapy to prevention of stress and psychological trauma by including the time of the traumatizing event. We have to consider, for instance, that the unconscious mind realizes when the own heart stops beating, be it in heart surgery or resuscitation, and that it is an unimaginable threat to experience your own cardiac arrest, and most probably traumatizing – when it is not accompanied by communication.

Hypnotherapy utilizes a state of consciousness modified by induction of trance, where the critical mind with its filter function is suppressed and the effects of suggestions are enhanced. Actually, bypassing normal consciousness and thinking seem to be essential features of hypnosis to allow access to the unconscious and responses to “suggestions” (in the sense of the Latin meaning “to slide underneath”). Hypnosis has to do with the induced loss of the sense of agency (SoA), the sense of self, and with the experience of involuntariness in the induced responses (Peter, 2024, in this issue). These characteristic features are also found in the discussed disorders of consciousness. Moreover, major aspects influencing consciousness such as attention, perception, cognition, or memory can be impaired in those states of unconsciousness. On the other hand, those are aspects that can be precisely influenced by hypnosis via modulation of brain structures involved in the regulation of consciousness, and via use of altered brain activities for increased capacity to respond to suggestions. Accordingly, hypnosis can be utilized to elucidate unconscious processing, somehow like a vehicle to uncover the unconscious mind (Landry et al., 2014). By specifically attenuating certain brain areas and their connections, for instance by dissociation, it also can serve for models of brain damage. Similarly, pharmacological hypnosis (called general anesthesia) is a probe to explore consciousness and its disorders (Mashour, 2013; Bonhomme et al., 2019). A meta-analysis of 36 studies about functional imaging, namely fMRI, PET and SPECT, in patients with DoC (mainly after traumatic or anoxic brain injury) consistently revealed markedly reduced activity in anatomic structures that have been linked to the default-mode-network (DMN) (Hannawi et al., 2015). Precisely modulation of this network has been identified as a neurophysiological basis of hypnosis as well as of loss of awareness (Demertzi et al., 2011; Walsh et al., 2017). Deactivation of the DMN, for instance, correlates with the subjectively perceived depth of hypnosis (Peter, 2024, this issue).

In conclusion, hypnotic communication and interventions in patients with coma or other disorders of consciousness including cardio-circulatory arrest and general anesthesia have the potential to mutually stimulate and enrich research on consciousness, coma and hypnosis. From disorders of consciousness, from drug effects on brain functions, and from hypnosis we can learn about the human brain and about the condition we call consciousness. Hypnosis provides a tool with effects on both the level of consciousness and its specific components including attention, dissociation, and memory. Future research should of course evaluate clinical, psychological and physical effects of such communication with unconscious patients. Effects can be expected on stress parameters, on side effects like pain or nausea, on homeostasis, and on healing progress, as well as the incidence of psychological sequelae like delirium or PTSD. Further research should include analysis of brain-specific biomarkers (tau, NfL, GFAP, UCH-L1, etc.) as physical consequences of the intervention “hypnosis” on an impaired brain. To strengthen and support the proposal for a general communication with unconscious patients, further evidence for perception under these medical situations, e.g., by monitoring during, and by establishment of structured interviews after brain damage, resuscitation, general anesthesia, and intensive care, would be helpful. However, tests for responsiveness should not further be limited to nociceptive triggers, sounds or neutral signals, but include meaningful communication, because meaning seems to be a major determinator of unconscious perception and resulting responses.
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Hypnosis is an effective intervention with proven efficacy that is employed in clinical settings and for investigating various cognitive processes. Despite their practical success, no consensus exists regarding the mechanisms underlying well-established hypnotic phenomena. Here, we suggest a new framework called the Simulation-Adaptation Theory of Hypnosis (SATH). SATH expands the predictive coding framework by focusing on (a) redundancy elimination in generative models using intrinsically generated prediction errors, (b) adaptation due to amplified or prolonged neural activity, and (c) using internally generated predictions as a venue for learning new associations. The core of our treatise is that simulating proprioceptive, interoceptive, and exteroceptive signals, along with the top-down attenuation of the precision of sensory prediction errors due to neural adaptation, can explain objective and subjective hypnotic phenomena. Based on these postulations, we offer mechanistic explanations for critical categories of direct verbal suggestions, including (1) direct-ideomotor, (2) challenge-ideomotor, (3) perceptual, and (4) cognitive suggestions. Notably, we argue that besides explaining objective responses, SATH accounts for the subjective effects of suggestions, i.e., the change in the sense of agency and reality. Finally, we discuss individual differences in hypnotizability and how SATH accommodates them. We believe that SATH is exhaustive and parsimonious in its scope, can explain a wide range of hypnotic phenomena without contradiction, and provides a host of testable predictions for future research.
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1 Introduction

Hypnosis is an effective intervention used in clinical settings, either as a stand-alone or an adjunct to other methods and techniques, such as cognitive-behavior therapy (e.g., Schoenberger, 2000), among others, in treating depression (e.g., Alladin and Alibhai, 2007), anxiety-related disorders (e.g., Valentine et al., 2019), acute and chronic pain (e.g., Thompson et al., 2019), obesity and overweight (e.g., Kirsch, 1996; Milling et al., 2018), and enhancing self-acceptance (e.g., Milburn, 2010). In basic and applied psychological research, hypnotic and posthypnotic suggestions are frequently employed to enhance psychological functions and investigate their neurocognitive underpinnings, such as inhibition (e.g., Iani et al., 2006; Raz et al., 2006; Augustinova and Ferrand, 2012; Zahedi et al., 2017, 2019), working memory (e.g., Lindelov et al., 2017; Zahedi et al., 2020b), perception (e.g., Derbyshire et al., 2004; McGeown et al., 2012; Perri et al., 2019), and implicit motivation (e.g., Ludwig et al., 2014; Zahedi et al., 2020a). Accordingly, hypnosis is an established procedure with proven efficacy.

However, as highlighted by several reviews (Sheehan and Perry, 1976; Lynn and Rhue, 1991; Zahedi et al., 2021), there is no consensus about the mechanisms underlying the effects of hypnosis and hypnotic suggestions. What is common to the phenomena subsumed under the name of hypnosis, and why are hypnotic suggestions effective in changing such a diverse array of functions ranging from behavior, perception, and cognition to the subjective sense of agency (SoA) and the sense of reality (SoR)? To address these questions, we propose a new theory of hypnosis, which, based on criteria outlined by philosophers of science, such as Popper (1971), (I) accounts for as many phenomena as possible without contradiction (i.e., adequacy) and (II) makes as few assumptions as possible (i.e., parsimony). Notably, this new theory intends to incorporate previous theories [for a systematic review, see Zahedi et al., 2021] and, hence, adopts many of their principles and elements. In the following, we will (I) briefly introduce hypnosis and hypnotic phenomena and (II) discuss the predictive coding framework (PCF) as the basis of understanding action, perception, and cognition (Friston, 2010; Clark, 2013). (III) Finally, we will propose our new framework, the simulation-adaptation theory of hypnosis (SATH), which is based on the PCF and can parsimoniously explain a wide range of hypnotic phenomena without internal contradiction.



2 Hypnosis and hypnotic phenomena

Hypnosis is best described as a procedure that consists of at least three separated phases (Hammond, 1998; Kihlstrom, 2008), namely, induction, an intermediary stage that includes various hypnotic and/or posthypnotic suggestions, and termination (also called de-induction). All three stages are induced in the participant via verbal suggestions that another person, called the hypnotist, presents (Kihlstrom, 1985; Lynn et al., 2015a,b). The suggestions employed are direct verbal suggestions and aim to build a suggested reality that might contradict the actual reality as it is experienced and known by the hypnotized participant (Polczyk, 2016; Oakley et al., 2021).

Although relaxation suggestions are commonly used for the induction phase (Edmonston, 1977, 1991), it is well-established that hypnosis can be induced even during strenuous physical activity (Banyai and Hilgard, 1976; Malott, 1984). Further, previous studies have hinted that hypnotic induction might have little or no effect on participants’ responsiveness (Mazzoni et al., 2009; McGeown et al., 2012) and may not be necessary for the effectiveness of direct verbal suggestions (Parris and Dienes, 2013). Hence, although an induction phase is part of the standard hypnotic procedure, its contribution to the efficacy of the following direct verbal suggestions is not well established (Braffman and Kirsch, 1999; Lynn et al., 2015b). Therefore, in the following, we will focus on the effects of direct verbal suggestions, regardless of the presence or type of induction phase employed.

One may categorize direct verbal suggestions based on their content. For instance, Hilgard (1965a), proposed that suggestions can be divided into (I) agnosia and cognitive distortion, (II) positive hallucinations, (III) negative hallucinations, (IV) dreams and regressions, (V) amnesia and posthypnotic suggestion, and finally, (VI) loss of motor control. However, attempts to categorize suggestions using factor analyses have resulted in a different picture (Hilgard, 1965a,b; McConkey et al., 1980; Woody et al., 2005). Most analyses (McConkey et al., 1980; Woody et al., 2005) yielded at least three factors, commonly termed direct-ideomotor, challenge-ideomotor, and perceptual-cognitive (McConkey et al., 1980; Woody et al., 2005). These terms were introduced in the 1940ies by Eysenck (1943) and Eysenck and Furneaux (1945), who investigated general suggestibility and its relationship with hypnotizability; however, the definition of the terms changed thereafter.

Direct-ideomotor suggestions usually induce a movement in the participant by suggesting to think about a movement itself or its known precursors. For instance, the following suggestion from the Harvard group scale of hypnotic susceptibility (HGSHS-A; 46, 47) is considered a standard example of direct-ideomotor suggestions: “Please hold both hands up in the air. I want you to imagine a force attracting your hands toward each other, pulling them together. As you think of this force pulling your hands together, they will move together” (p. 9). The participant is considered to be objectively responsive if their hands noticeably move toward each other. Challenge-ideomotor items, on the other hand, aim to inhibit a motor response despite a secondary suggestion to override the primary suggestion. Consider, for instance, the “finger interlock” suggestion of the HGSHS-A: “Interlock your fingers and press your hands tightly together. Notice how your fingers are so tightly interlocked together that you wonder very much if you could take your fingers and hands apart. I want you to try to take your hands apart” (Shor and Orne, 1962). Here, the participant is assumed to be objectively responsive if their hands remain interlocked.

In contrast to direct-ideomotor and challenge-ideomotor suggestions, perceptual-cognitive suggestions are less well-delineated. As the term indicates, perceptual-cognitive suggestions attempt to alter the perception or a cognitive process. Common perceptual suggestions are positive and negative hallucinations; both categories try to build an altered reality where either a real object cannot be perceived (i.e., negative hallucination) or an imaginary one is perceived (i.e., positive hallucination). For instance, a typical positive hallucination is a suggestion to see a grayscale image in colors (Mazzoni et al., 2009; McGeown et al., 2012), while commonly used negative hallucinations are hypnosis-induced pain reductions (for review, see Perri et al., 2019, 2020; Thompson et al., 2019).

Three well-established and investigated cognitive effects of direct verbal suggestions will be discussed briefly next: (A) Posthypnotic amnesia occurs when, in response to a direct verbal suggestion, the participant forgets the events that happened during hypnosis after its termination (Kihlstrom, 1980; Kihlstrom, 2014). Posthypnotic amnesia is related to source amnesia rather than episodic memory and pertains to modulations of explicit but not implicit memory (Bryant et al., 1999; David et al., 2000; Barnier et al., 2001; Kihlstrom, 2014). (B) Direct verbal suggestions can enhance several executive functions, a group of cognitive abilities required when responding to a novel task and/or situation (Miyake et al., 2000; Diamond, 2013). For instance, direct verbal posthypnotic suggestions can enhance cognitive control, as required by the Stroop (Raz et al., 2006; Parris and Dienes, 2013; Zahedi et al., 2019), Simon (Iani et al., 2009), flanker (Iani et al., 2006), and Go-NoGo (Zahedi et al., 2020a) tasks. Further, posthypnotic suggestions can boost working memory (Lindelov et al., 2017; Zahedi et al., 2020b). Notably, the effects of direct verbal suggestions cannot be attributed to alterations in bottom-up processes but are related to top-down processes (Terhune et al., 2017; Zahedi et al., 2020b). This conclusion was derived based on two sets of results. First, previous studies showed that direct verbal suggestions can affect performance in tasks where disrupting bottom-up processes is detrimental rather than beneficial, such as the working memory index (Lindelov et al., 2017) and the tone monitoring task (Zahedi et al., 2020b). Second, in tasks where both disruption of bottom-up processes and improving top-down modulations can enhance performance (e.g., in the Stroop, Simon, and Flanker tasks), participants rely heavily on proactive cognitive control when suggestions are active, as measured by EEG band frequencies (Zahedi et al., 2017), event-related potentials (Zahedi et al., 2019), and pupillometry (Parris et al., 2021). Finally, (C) direct verbal suggestions can affect value-based decision-making via shifting preferences (Ludwig et al., 2014; Zahedi et al., 2020a, 2023). For instance, by inducing preferences for healthy food items, posthypnotic suggestions can shift participants’ choices toward healthy food and promote faster rejection of unhealthy items (Ludwig et al., 2014; Zahedi et al., 2020a, 2023).

Responses to direct verbal suggestions would not be considered unique if it were not for the altered SoA and SoR that accompany these responses (Kihlstrom, 2008; Lynn et al., 2015b; Martin and Pacherie, 2019). The altered SoA refers to reports of automaticity, effortlessness, and involuntariness when responding to direct verbal suggestions (Lynn et al., 1990; Kirsch and Lynn, 1997; Blakemore et al., 2003). Additionally, direct verbal suggestions affect how participants perceive their surroundings and themselves in that environment (Kihlstrom, 2008), which is referred to as the SoR.

Two points need to be considered when discussing the SoA and SoR. (I) The SoA can itself be divided into two factors: effortlessness and involuntariness (Polito et al., 2013). Although involuntariness is stable across different settings, effortlessness is more volatile and dependent on other variables and antecedents (Polito et al., 2013). (II) There is a strong association between the experience of involuntariness and responsiveness to direct verbal suggestions (Bowers et al., 1988; Polito et al., 2013). Furthermore, the altered SoR is essential for dissociating hypnotic from non-hypnotic suggestions (Spanos and Barber, 1968).

As a caveat, in the description of the hypnotic phenomena above, we used somewhat deterministic terms and notions. In reality, however, direct verbal suggestions are not as clean-cut as described. To understand this point, one can consider the results of Woody et al. (2005), who used factor analyses to categorize direct verbal suggestions in the HGSHS-A and Stanford hypnotic susceptibility scale (SHSS-C; 67). Based on their results, they concluded that “the perceptual-cognitive items in the HGSHS-A (fly hallucination and posthypnotic suggestion) behaved like direct motor items, whereas the motor challenge items in the SHSS-C (arm rigidity and arm immobilization) behaved like perceptual-cognitive items” (42[p. 210]).

In the next section, we will discuss the PCF and its critical elements required for explaining action, perception, and cognition in a unitary framework.



3 The predictive coding framework

As its foundation, SATH relies on the PCF (Friston, 2010; Clark, 2013; Yon et al., 2019). The PCF,1 which can be traced back to Helmholtz’s propositions, suggests that the brain acts like a scientist trying to model the world, considering its uncertainties, instead of being merely a passive receiver of external information (Clark, 2013). The currently popular version of predictive coding (Friston, 2010; Adams et al., 2013; Brown et al., 2013) assumes that the brain uses Bayesian-type modeling, constituted of three integral elements: priors (i.e., epistemological uncertainty), evidence, and posteriors (i.e., updated epistemological uncertainty). Empirical priors are top-down predictions (i.e., efferent signals) based on the agent’s generative or heuristic models (Clark, 2013). These predictions constantly interact with exteroceptive (including somatosensory), proprioceptive, and interoceptive evidence (i.e., afferent signals). When predictions cannot account for the evidence, there will be residual epistemological uncertainty, called prediction errors (Friston, 2010). In the short term, prediction errors indicate a “newsworthy” event and enforce perceptual inference (Clark, 2013; Barron et al., 2020). In the long term, prediction errors underwrite learning, where the agent updates empirical priors by considering the probability of priors given the evidence. This process results in the generation of more accurate (c.f., adequate) predictions for the next time around (Clark, 2013).

Two critical elements for applying the PCF to hypnosis are (A) hierarchical organization and (B) precision weighting (Friston, 2010; Clark, 2013). (A) Predictions are organized hierarchically, meaning each neural layer propagates predictions downward and prediction errors upward. In other words, the generative model of each neural layer forms priors required for the predictions of the next level. On the other hand, the prediction error at each level is formed as part of the incoming signal (i.e., the prediction error at the lower level) that could not be accounted for using predictions of the current level. Hence, each level needs only to “explain away” the part of the information that lower levels could not explain away and to send the part that remains to be explained upward (Friston, 2010; Yon et al., 2019). Consequently, the high-level predictions are abstract and amodal, and as the predictions go down the hierarchy, they become more concrete, specific, and modal (Beni, 2022). Further, although at higher levels, predictions are stable and related to our beliefs and goals, at lower levels, they become sensory-oriented and need to be changed at higher frequency rates to keep up with the sensory information (Clark, 2013; Jones and Wilkinson, 2020). (B) Not all predictions can be precise; therefore, the brain makes second-level predictions about the precision of its predictions and prediction errors (Yon et al., 2019). The relative precision of predictions and prediction errors determines whether prediction errors are “newsworthy” and, hence, should be attended to or irrelevant and can be ignored (Auksztulewicz and Friston, 2015).

Next, we focus on how modeling the world can result in the perception of different types of signals by the agent or movement of the agent in the environment (Figure 1). Our brain “must discover information about the likely causes of impinging signals without any form of direct access to their source” (Clark, 2013, p. 183); therefore, all inferences must be based on the changes in internal states, such as the state of light-sensitive receptors (Clark, 2013). Since not all data coming from the sensory organs can be analyzed all the time, the agent needs an efficient way to handle this monumental task. An economically efficient way of tracking the sensory input is first to predict the next state and then to encode what deviates from the predictions, or in other words, is surprising (Friston and Price, 2001; Friston, 2010; Friston, 2012). Indeed, the inception of predictive coding in engineering (Elias, 1955) was based upon the most efficient compression of sound files. In other words, one can also view predictive coding as finding efficient and compressed representations of (the causes of) sensory data (Schmidhuber, 2010), which speaks to the parsimonious way in which we encode our world.
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FIGURE 1
 The schematic representation of (A) perceptual inference and (B) active inference as suggested by the predictive coding model. The hierarchical structure of the prediction and prediction errors and their interaction can be seen in both inferences. Red, green, and blue arrows depict backward propagation of predictions, forward propagation of unexplained prediction errors, and interaction between predictions and prediction errors for explaining away remaining prediction errors, respectively. Light colors show that the corresponding signal is attenuated. P, predictions; PE, prediction errors.


Surprise, or prediction error, signals newsworthy events, which can be low- or high-level (Clark, 2013; Barron et al., 2020). For instance, the color of a black bag lying on a white table cannot be predicted from the surrounding color. Thus, there will be a low-level prediction error at the edge of the bag, where the color changes from white to black. Also, the agent might predict that this bag should be in the closet, and seeing it on the table may cause a high-level prediction error. In both cases, encoding prediction errors instead of raw information is more economically efficient (Clark, 2013).

Any agent needs to minimize the long-term average of surprise, which is best described as minimizing entropy (Clark, 2013; Friston et al., 2020); otherwise, the organism will succumb to the second law of thermodynamics (or its generalizations to open systems), meaning it cannot sustain its essential variables within physiological bounds. Based on the agent’s goal, the surprise can be resolved in two different ways. If the agent’s goal is to perceive external signals, prediction errors are more integral than predictions (Friston, 2010; Friston, 2012; Clark, 2013). In our table-and-bag example, sending the prediction error regarding the unpredicted black color on the white table upward in the system causes the predictions to be updated: there is a black bag on the white table. Notably, this process, called perceptual inference (Figure 1A), starts with predictions, and then, the violation of predictions indicates newsworthy information, initiating updating of the predictions (Friston and Price, 2001; Friston, 2010; Friston, 2012). In this scenario, predictions should have a lower weight than prediction errors; otherwise, similar to any other Bayesian inference, predictions will not be updated based on evidence. This increase in the relative weight of prediction errors to the weight of predictions can happen by increasing the “gain” of prediction errors in the system, e.g., by changing the focus of attention to the bag on the table (Auksztulewicz and Friston, 2015). This gain corresponds to the precision afforded prediction errors. In other words, the brain’s best guess about the reliability or confidence that can be associated with the information they convey. Physiologically, this can be understood as the postsynaptic gain or excitability (i.e., the rate constants) that govern neuronal dynamics (in the exchange between prediction errors and predictions encoded by various neuronal populations). Psychologically, an increase in precision is usually associated with selective attention, while a decrease in precision corresponds to sensory attenuation (Hohwy, 2012). Physiologically, the ability to predict the precision of precision-weighted prediction errors has been associated with mental action and the distinction between phenomenological transparency and opacity (Limanowski and Blankenburg, 2013; Limanowski, 2017). We will refer to these top-down predictions of precision in both physiological and psychological terms in what follows.

In contrast to perception, if the agent moves, predictions need to be enforced until the prediction errors are resolved (Adams et al., 2013; Brown et al., 2013), which is called active inference (Figure 1B). For instance, in our bag-and-table example, if the agent intends to grab the bag, it will produce predictions regarding the somatomotor (proprioceptive and somatosensory) signals coming from its hand. In the beginning, the predictions will not be aligned with afferent information (Adams et al., 2013): the hand should move toward the object, but it is static at first. However, instead of updating predictions based on prediction errors (i.e., perceptually inferring that its hand is static), predictions will be stubbornly forced until the ensuing prediction errors are resolved via reflex arcs (Yon et al., 2019). In other words, instead of proprioceptive prediction errors ascending the spinal cord and sensorimotor hierarchy to change predictions, they are used to drive neuromuscular junctions as part of classical motor reflex arcs (Brown et al., 2013). Therefore, descending predictions can be read as prior intentions that are realized in the periphery, provided ascending prediction errors are attenuated. This is usually associated with the phenomenon of sensory attenuation (Brown et al., 2013), which accompanies any self-generated act. In other words, to move is to ignore sensory evidence that one is not moving. Although this is a conceptually different way to eliminate surprise, it still follows the principles of the PCF: through the interaction between backward propagating predictions and forward propagating prediction errors, the long-term average surprise is minimized (Adams et al., 2013; Brown et al., 2013).

In the following, we will propose SATH as a framework that expands the PCF to account for the effects of direct verbal suggestions, including discussed hypnotic phenomena. We will further discuss how SATH can explain this broader range of hypnotic phenomena without internal contradictions.



4 Simulation-adaptation theory of hypnosis (SATH)

SATH is theoretically based on the PCF. Therefore, its fundamental assumption is that suggestion-induced responses are closely associated with top-down predictions and their interactions with somatosensory evidence. This emphasis on top-down cognitive processes is in line with the prevailing perspective in the literature (Terhune et al., 2017). Further, SATH claims that a cooperative and willing participant can employ three top-down processes for responding to direct verbal suggestions. Notably, the successful response to direct verbal suggestions refers to both objective and subjective aspects. The three postulated top-down processes are (I) cognitive simulation (for review, see Hesslow, 2002): simulating visual, auditory, or tactile stimuli can induce perceptual and neural processes similar to experiencing the corresponding stimulus in reality; (II) neural adaptation (for review see Lopresti-Goodman et al., 2013; Frank, 2016): top-down attenuation of sensory input can alter perception, causes among others, analgesia or agnosia; (III) learning through simulation (cf. Zahedi et al., 2020b): by mentally simulating an environment, novel strategies can be practiced, and consequently context-dependent trigger-response contingencies can be learned. These three top-down processes can be employed to different extents and in different combinations, depending on the individual capabilities, environmental cues, and other antecedents.

Before delving into the details of the theory, we need to address why, despite our focus on parsimoniousness, we proposed a tripartite theory. The rationale is twofold. First, previous factorial analyses of hypnotic suggestibility have shown that multiple groups of suggestions depend on correlated but distinguishable latent factors (Hilgard, 1965b; McConkey et al., 1980; Woody et al., 2005; Zahedi and Sommer, 2022). This fact is further pronounced when one considers that no single personality trait or cognitive process correlates more than moderately with suggestibility (Dienes et al., 2009; Lynn et al., 2019). Second, mounting evidence suggests there are multiple groups of highly hypnotizable participants who rely predominantly on different cognitive processes for responding to suggestions (Pekala et al., 1995; Barrett, 1996; Terhune et al., 2011; Terhune, 2015). Considering these results, any successful theory of suggestibility is required to reflect these heterogeneities by assuming more than one underlying cognitive process.

Next, we will address how SATH accounts for hypnotic phenomena in three areas. First, we suggest cognitive stimulation and top-down attenuation of sensory inputs as mechanisms underlying motor responses triggered by direct- and challenge-ideomotor suggestions and discuss alterations in the SoA during these movements. Second, we address suggestion-induced alterations in perception and the sense of conviction accompanying these changes. Third, we will explain how cognitive simulation can serve as a sophisticated mental simulator for training skills, accounting for the effects of task-relevant direct verbal suggestions on executive functions and decision-making. Finally, we will address hypnotic suggestibility and its correlates, such as social, psychological, and cognitive variables. Since the current article is not intended to be a review of theories of hypnosis (for narrative and systematic reviews, see Sheehan and Perry, 1976; Lynn and Rhue, 1991; Zahedi et al., 2021; Geagea et al., 2024), we only briefly discuss two hypnosis theories that are based on PCF at the end.


4.1 Motor suggestions

Motor suggestions are among the most common direct verbal suggestions, which is reflected in their prevalence in standardized hypnotizability scales, such as HGSHS-A (Shor and Orne, 1962) and SHSC-C (Weitzenhoffer and Hilgard, 1962). Although the performed actions are common everyday activities (e.g., levitating hands), two properties set them apart: (A) they are accompanied by resilient alterations in the SoA and SoR (Spanos and Barber, 1968; Kihlstrom, 2008), and (B) they are fluctuant, hesitant, and non-smooth (Martin and Pacherie, 2019). As explained above, motor suggestions can be divided into at least two categories: direct- and challenge-ideomotor suggestions; we will discuss these categories separately.


4.1.1 Direct-ideomotor suggestions

Direct-ideomotor suggestions are responded to more often than any other type of direct verbal suggestions, as shown by item-response analyses (McConkey et al., 1980; Näring et al., 2004; Zahedi and Sommer, 2022). The term “ideomotor” refers to the ideomotor theory (for review, see Shin et al., 2010), which holds that thinking of the (perceptual) effects of a physical movement, which are retained and internalized through repetitions, will induce a tendency to produce that movement (Hommel et al., 2001). For instance, in the study of Elsner and Hommel (2001), participants repeatedly experienced a fixed co-occurrence between right and left button presses and low- and high-pitched tones, respectively, during a training phase. In the following test phase, low- and high-pitched tones preceded responses. The results indicated that the effects of a response (low and high tones) can promote the activation of the corresponding right and left button presses. Follow-up neuroimaging studies showed that response activations were correlated with the activation of premotor and somatosensory cortices (Melcher et al., 2008, 2013). Note that active inference formulation of motor control in the PCF is, effectively, a formalization of ideomotor theory. In other words, motor behavior is simply the realization of motor intentions, prior beliefs, or unattenuated predictions.

Can one propose that direct-ideomotor suggestions cause a motor movement because they force the participant to think about the perceptual effects of the movement? There are two issues here; first, although thinking about the perceptual effects of a movement induces a tendency to perform the movement, the tendency by itself rarely causes a full-fledged movement (Elsner and Hommel, 2001). This observation contrasts with what happens in response to direct-ideomotor suggestions, which, as discussed above, induce observable movements in most participants (Shor and Orne, 1963; Woody et al., 2005). Second, even in cases where thinking about the perceptual effects of a movement induces that movement, the movement is not accompanied by a reduced SoA, as is the case for direct-ideomotor suggestions (Blakemore et al., 2003). If anything, priming causes an increase in the SoA, meaning that participants become more prone to attribute others’ actions or accidental events to themselves (Aarts et al., 2009), which contrasts with a decrease in the SoA observed in participants responding to direct verbal suggestions (Lynn et al., 1990; Kirsch and Lynn, 1997; Blakemore et al., 2003).

To explain direct-ideomotor suggestions, we will first discuss the PCF’s account of altered states of consciousness, such as dreams and intentional imagery (Friston et al., 2020). By combining basic elements of the PCF, we will then propose a mechanistic account of direct-ideomotor suggestions.

In the PCF, not only are perception and imagery closely related (Kirchhoff, 2017), but also cognitive simulation (for review, see Farah, 1988; Hesslow, 2002; Figure 2A), which is a broader form of imagery, provides the basis of perceptual and active inference (Fletcher and Frith, 2009; Adams et al., 2013). Notably, cognitive simulation is broader than imagery as it is composed of proprioceptive, interoceptive, or extroceptive signals. Cognitive simulations of external and internal events are the output of the agent’s generative models and, therefore, closely tied to its predictions (Kirchhoff, 2017). Notably, intentional imagery is similar to other forms of altered states of consciousnesses, such as sleep and dreaming (Hobson and Friston, 2012; Friston et al., 2020), in the sense that in the absence of any sensory feedback, the agent is engaged in minimizing the complexity of the generative model via reducing the disparity between the posterior and prior beliefs (Friston et al., 2020). This process has a quintessential side-effect that we use in our mechanistic explanation of direct-ideomotor suggestions: Through these housekeeping-like activities, the precision of predictions will be increased as the redundancy in generative models is eliminated (Figure 2A).
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FIGURE 2
 (A) The schematic representation of cognitive simulation using the principles of the PCF. (B) The schematic representation of direct-ideomotor suggestions. Red, green, yellow, and blue arrows depict backward propagation of predictions, forward propagation of unexplained prediction errors from sensory input, forward propagation of unexplained prediction errors from simulated reality, and interaction between predictions and prediction errors for explaining away remaining prediction errors, respectively. Light colors show that the corresponding signal is attenuated. P, predictions; PE, prediction errors. For a detailed explanation of processes, please look at the text. (C) Cerebellar activations in the Active Movement (blue) and Deluded Passive Movement (red) conditions. Activations in the cerebellum are more widespread in the Deluded Passive Movement condition compared with the Active Movement condition [adapted with permission from Blakemore et al., 2003].


Three questions need to be addressed: First, how is imagination maintained if the predictions are not aligned with the current sensory information? In other words, if imagery is not aligned with somatosensory input, it should cause sustained and uncorrectable prediction errors and interrupt imagery, which is not the case. As discussed before, the brain makes second-level predictions regarding the precision of its first-level predictions and prediction errors. During imagination, lower-level prediction errors are assigned a low gain (i.e., the agent does not attend to sensory information) since imagination is not expected to be aligned with sensory feedback. Therefore, during imagination, sensory information cannot perturb imagination (Jones and Wilkinson, 2020).

The second question that needs to be addressed is how the content of imagination is constrained. For instance, the content of imagination is coherent, and in most cases, it follows basic laws of physics (e.g., gravity). Similar to other altered states of consciousness, such as memory retrieval (Barron et al., 2020) or sleep (Hobson and Friston, 2012), during imagery, the hippocampus likely activates the neocortex and, subsequently, forms a stream of virtual information (Jones and Wilkinson, 2020). This offline stream of virtual information allows for unfolding comparisons between predictions and prediction errors and forms the basis of the coherence in imagery (Kirchhoff, 2017). Further, as the predictions come from heuristic models, they are aligned with previous events and, hence, follow the physical laws familiar to the agent (Jones and Wilkinson, 2020). However, imagery is generative by definition, and therefore, there are some deviations from the past. These deviations depend on the agent’s goals (e.g., imaging a planet without gravity requires deviation from heuristic models), context (e.g., when one expects to imagine bizarre geometrical shapes), and other antecedents (e.g., transitory states such as mood and hunger).

The third question is why we do not act out our imaginations. To address this question, we should consider the difference between imagery and perceptual or active inference. Perception and actions need to happen online, meaning that predictions evolve based on the ongoing stream of information. In contrast, during cognitive simulation, similar to memory retrieval or sleep, predictions are not compared to any sensory evidence; therefore, cognitive simulation happens offline (Hobson and Friston, 2012; Jones and Wilkinson, 2020). The offline property of intentional imagery, similar to dreaming (Hobson and Friston, 2012), ensures that the motor predictions are not backward-propagated to certain muscles. To understand this better, we will focus on dreaming; during the rapid eye movement (REM) part of sleep, where dreams occur most commonly, the anticipatory motor predictions are easily detectable (Cirelli and Tononi, 2008; Hobson, 2009). Accordingly, one should expect these anticipatory motor predictions (Hobson, 2009; Hobson and Friston, 2012) to provoke movement. However, motor inhibition during sleep prevents the agent from acting out its dreams (Hobson, 2009; Hobson and Friston, 2012). Therefore, the offline property of these altered states of consciousness is not due to the absence of motor predictions but due to active motor inhibition. Motor inhibition occurs by preventing motor predictions from reaching targeted muscles through top-down attenuation of prediction errors beyond thalamic nuclei.

Supporting this account, multiple studies show that imagining a stimulus not only activates similar brain areas but also causes the same responses as perceiving the corresponding stimulus in reality (for review, see Hesslow, 2002). For instance, imagining consuming a particular food, such as cheese, induces habituation (like its actual consumption) and, therefore, decreases the tendency of participants to consume similar items (Morewedge et al., 2010). Further, imagining performing an action will activate the same premotor and supplementary motor cortices as executing the action; the only difference is that the imaginary action does not activate the primary motor cortex, at least not as strongly as executing the action (for review, see Hesslow, 2002). Given that the primary motor cortex is involved in forming and backward propagating motor predictions (Adams et al., 2013), it is understandable that imagery of a movement does not result in the actual movement due to motor inhibition but recreates its sensory effects (Hesslow, 2002).

We can now adapt the mechanisms discussed regarding cognitive simulation and propose a mechanistic explanation of direct-ideomotor suggestions. During the hand levitation suggestion (Figure 2B), the participant is asked to imagine helium-filled balloons attached to his/her hand and then concentrate on somatosensory signals coming from the targeted hand, such as temperature and proprioceptive input (Hammond, 1990; Hammond, 1998). As the suggestion directly asks the participant to imagine the scenario, it is conceivable that he/she engages in cognitive simulation. This simulation should not necessarily be imagery but can be related to the retrieval of proprioceptive feedback during such a scenario (Hesslow, 2002; Shin et al., 2010). In any case, the precision of predictions will be increased due to the basic property of cognitive simulation, that is, aligning priors and posteriors and reducing redundancy in the generative models (Friston et al., 2020). However, unlike normal cognitive simulation, the participant expects to act out their imagination, and therefore, the cognitive simulation is not accompanied by top-down attenuation of motor predictions. Simultaneously, participants are repeatedly asked to attend to their somatosensory input from the targeted hand, which prevents sensory attenuation during the movement. Based on what we described regarding active inference, the participant should be unable to act out their motor predictions if somatosensory prediction errors are allowed to backpropagate beyond reflex arcs (Adams et al., 2013). The key is in unusually precise predictions resulting from cognitive simulations that can win against prediction errors even in the absence of sensory attenuation. The scenario is closely related to mechanisms underlying the delusion of alien control in schizophrenic patients: Unusually precise predictions, even while sensory attenuation is disrupted, result in movement accompanied by a disrupted SoA (Brown et al., 2013; Sterzer et al., 2018).

The account presented here is mechanistically similar to Edwards et al. (2012), who argue that unusually precise predictions due to increased attentional allocation, besides hierarchical dysregulation of sensory attenuation, cause the symptoms observed in hysteria. However, unlike hysteria where attentional processes are underlying the effects, we argue that cognitive simulations during suggestions and accompanying pruning-like activities will cause unusually precise predictions.

Can the SATH proposition account for the two properties of responses to ideomotor suggestions discussed earlier? First, why is the movement in response to direct-ideomotor suggestions hesitant and fluctuant (Kihlstrom, 2008; Martin and Pacherie, 2019)? As discussed, SATH assumes that motor predictions can win against unhindered prediction errors only if they become unusually precise through cognitive simulation. Aligning priors with posteriors through cognitive simulation increases the precision of predictions but is costly in terms of energy consumption, which is aversive (Hockey, 2011; Shenhav et al., 2017). Consequently, it is reasonable that the participant cannot engage in simulating the scenario far in the future, and at each point, they should focus only on the near future. This temporal restriction can create stepwise and hesitant movement observed in response to direct-ideomotor suggestions. Second, why are these movements accompanied by an altered SoA and SoR (Spanos and Barber, 1968; Frith et al., 2000; Kihlstrom, 2008; Martin and Pacherie, 2019)? SATH claims that the SoA is changed precisely because the somatosensory input is not attenuated. Since attenuation of somatosensory feedback is a vital element that the participant uses for inferring SoA (Brown et al., 2013; Sterzer et al., 2018), in the absence of sensory attenuation, the participant should have issues in attributing their actions to themselves. Further, based on SATH’s proposition, the agent is engaged in acting out their cognitive simulations. Although generative models constrain these simulations, they diverge from habitual physical laws such as gravity in the hand levitation example. Although aligned with generative models, these changes from habitual physical laws differentiate the situation from daily circumstances, creating the altered SoR accompanying responses to direct verbal suggestions (Bowers et al., 1988; Kihlstrom, 2008).

When discussing direct-ideomotor suggestions, we assumed positive expectations regarding executing the encountered direct verbal suggestion by the participant. This idea is supported by studies of Spanos et al. (1985) and Lynn et al. (1984), where two groups of highly hypnotizable participants were to resist hypnotic suggestions; one group was informed before hypnosis that good subjects could not resist suggestions, and the other group was informed to the contrary. Interestingly, the latter but not the former group could resist the suggestions. These findings indicate that having positive expectations regarding acting out the encountered suggestion is vital for freeing cognitive simulation from motor inhibition that usually accompanies it (Hobson and Friston, 2012; Friston et al., 2020).

Neuroimaging studies provide some preliminary evidence supporting SATH’s proposition regarding direct-ideomotor suggestions. For instance, a meta-analysis of neuroimaging studies investigating direct verbal suggestion (Landry et al., 2017) showed that one of the most reliable observations in the field is activation of the lingual gyrus while responding to hypnotic and posthypnotic suggestions. The lingual gyrus is a part of the visual system and is critically involved in imagery (Jung et al., 2016). Further, Blakemore et al. (2003) showed that activity in the contralateral cerebellum and bilateral parietal operculum areas increased when responding to direct-ideomotor suggestions compared to active and passive movement (Figure 2C). This result corroborates the account of SATH that prediction errors are not attenuated when responding to direct-ideomotor suggestions. In contrast, the unusually precise predictions due to the reduction in redundancy during cognitive simulation, despite precise prediction errors, cause the suggestion-induced movement.



4.1.2 Challenge-ideomotor suggestions

As discussed above, challenge-ideomotor suggestions are the second form of direct verbal motor suggestions that aim to inhibit a motor response despite a secondary suggestion to neglect the primary suggestion. Challenge-ideomotor suggestions are more demanding than direct-ideomotor ones (McConkey et al., 1980; Näring et al., 2004; Zahedi and Sommer, 2022). As a canonical example, we will focus on the arm rigidity suggestion. In this suggestion (Shor and Orne, 1962; Shor and Orne, 1963), after asking the participant to stretch their arm in front of them and make a fist, the hypnotist will continue: “I want you to pay attention to this arm and imagine that it is becoming stiff… rigid like a bar of iron and how impossible it is to bend a bar of iron like your arm. Test how stiff and rigid it is. Now, try to bend it” (47[p. 9]). Notably, the main difference between direct- and challenge-ideomotor suggestions is that during direct-ideomotor ones, the participant is asked to focus on the part of the somatosensory feedback that is aligned with their cognitive simulation. For instance, during hand levitation, any alteration in the temperature of the hand or proprioceptive feedback regarding hand movements corroborates the feeling of lightness. In contrast, when the participant is asked to try to bend their arm during the arm rigidity suggestion, two sources of information clash: one from actual somatosensory feedback (i.e., the arm can be bent) and the other from virtual somatosensory feedback created by cognitive simulation (i.e., a bar of iron cannot be bent).

For understanding challenge-ideomotor suggestions, the concept of negative hysteresis (Frank, 2016) and how it relates to top-down processes is of great importance. In short, negative hysteresis refers to altered decision-making thresholds that are used for cognitive simulation compared to perception. A good example of negative hysteresis is provided by Lopresti-Goodman et al. (2013); they asked two groups of participants to judge whether they needed one or two hands to grasp wooden planks of different sizes. Participants in the control group actually grasped the planks, whereas the experimental participants merely saw the planks but were not allowed to touch them. Instead, participants in the experimental condition verbally reported whether they would need one or two hands. Importantly, planks were presented one by one in both ascending and descending orders. In the control group, the plank size, at which participants changed from one to two hands or vice versa, was slightly (but non-significantly) larger for ascending than descending presentation order; this numerically positive difference is called positive hysteresis. In contrast, in the experimental group without physical contact with the planks, the change point was considerably smaller in the ascending than in the descending order; this numerically negative difference is referred to as negative hysteresis. Frank (2016) explained this phenomenon in the framework of a Lotka–Volterra–Haken model for two neural populations representing the alternative responses in the task: (A1) a one-hand population and (A2) a two-hand population. In the control group, which actually executed the grasps and showed positive hysteresis, the outcome was modeled as follows:
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where, [image: image], [image: image], and [image: image] represent synaptic weights of intra- and inter-population connections; [image: image] and [image: image] are exponential growth factors describing the increase or decay of the population variables in the linear format, and [image: image] designates the inhibitory interaction between the populations; [image: image] captures nonlinearities in the system. Roughly speaking, we can interpret the dynamics in Equation 1 in terms of precision-weighted prediction errors. For example, if we associate A with prediction errors, then the synaptic weights ([image: image], [image: image], and [image: image]) correspond to the precision of prediction errors that, as we will see below, change adaptively over time. Please see Bogacz (2017) for a technical discussion of synaptic weights and recurrent connectivity that predict the precision of local prediction errors.

To account for negative hysteresis, observed in the experimental group of Lopresti-Goodman et al. (2013), the activities of the neural populations must be adapted due to the prolonged neural activity (Lopresti-Goodman et al., 2013; Frank, 2016). Here, [image: image] and [image: image] vary slowly across each repetition of perception as follows:
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where [image: image] designates the variable of interest in relative format (e.g., relative plank size), [image: image] and [image: image] denote the dynamic rest levels of growth parameters [image: image] and [image: image], respectively. Further, [image: image], [image: image], [image: image], and [image: image] define the resting levels after adaptation is completed ([image: image] and [image: image]), as determined by theoretical considerations and experimental observations, respectively. Finally, [image: image] denotes the time scale of adaptation [for further mathematical details, see Lopresti-Goodman et al., 2013].

By combining Equations 1, 2, negative hysteresis can be explained in terms of the adaptation of neural activity in the targeted population due to prolonged activity. For the simulating condition compared to the physical perception condition, in ascending order, the one-hand population increasingly adapts across repetitions and is dominated by the two-hand population at a smaller plank size. Conversely, in descending order, the two-hand population adapts across repetitions and will be dominated by the one-hand population sooner in the simulation compared to the perception condition. This opposite shift in the change points results in negative hysteresis. Why is prolonged neural activity relevant only for the cognitive simulation condition? In the simulation condition, participants form mental representations of perceived objects, maintain them in their working memory, and examine (manipulate) them to judge how they should be grasped. In contrast, the controls respond directly to their perceptions; thus, perceived stimuli are not transmitted into working memory. Hence, the attenuation of the adapting neural population is conceived as a top-down process, as it is related to attention allocation rather than to a disturbance in bottom-up processes. The idea that top-down processes regulate perception and can directly affect perceptual pathways starting from thalamic activities is not restricted to negative hysteresis and has been corroborated by many studies (for review, see Saalmann and Kastner, 2009) and also in non-human subjects (Manita et al., 2015).

The focus of negative hysteresis on prolonged neural activity caused by top-down predictions is integral to the SATH proposition regarding the effects of challenge-ideomotor suggestions. As mentioned earlier, when encountering challenge-ideomotor suggestions, SATH assumes that the participant has two streams of somatosensory signals: one from actual somatosensory feedback (i.e., the arm can be bent) and the other from virtual somatosensory feedback created by cognitive simulation (i.e., a bar of iron cannot be bent). Based on SATH, the participant allocates heightened top-down attention to the actual somatosensory feedback. Normally, the heightened attention would increase the gain of prediction errors and make them more precise; however, if the allocated attention is high enough, the increased activity in the corresponding neural pathways needs to be adapted, similar to neural adaptation during negative hysteresis (Lopresti-Goodman et al., 2013; Frank, 2016). One needs to consider that neural adaptation in the study of Lopresti-Goodman et al. (2013) is limited to the cognitive simulation condition, as participants have to transfer the predictions generated during cognitive simulation to working memory, causing a prolonged activity in the corresponding neural pathways. SATH proposes that during challenge-ideomotor suggestions, unusually heightened attention to actual somatosensory feedback will cause the same neural adaptation. Consequently, if prediction errors from actual somatosensory feedback become imprecise due to neural adaptation caused by unusually amplified attention, virtual somatosensory feedback can become the relatively more precise input. In this scenario, the virtual somatosensory prediction errors will force the system to update predictions and result in perceptual inference (Brown et al., 2013): in the arm rigidity example, the arm feels like a bar of iron that cannot be bent.

Notably, the proposed mechanism has similarities to dissociative experiences. The unusually amplified attention observed in people with higher dissociative tendencies (DePrince and Freyd, 1999; de Ruiter et al., 2003; Brewin et al., 2013) creates a setting where actual somatosensory prediction errors can become imprecise enough that it does not result in perceptual inference. In that case, cognitive simulation can create a second stream of prediction errors. The virtual somatosensory feedback might be the basis of augmented reality when the second stream uses some elements of actual somatosensory feedback or virtual reality when prediction errors from simulated somatosensory input are used in isolation. In both cases, the perceptual inference should be due to prediction errors formed based on simulations rather than actual somatosensory information. It should be further noted that the amplified attention is not necessarily the result of the volitional allocation of attention but might be due to the inherent cognitive and neural characteristics of the participant, leading to higher attentional variability (Iacoviello et al., 2014) and diminished control over attentional processes (Aupperle et al., 2012), increasing attention biases toward actual somatosensory prediction errors (Fani et al., 2012).

Why are challenge-ideomotor suggestions more demanding and less responded to than direct-ideomotor ones (McConkey et al., 1980; Näring et al., 2004; Zahedi and Sommer, 2022)? Based on the proposition of SATH, in direct-ideomotor suggestions, somatosensory and simulated inputs are congruent, and therefore, neural adaptation, even if beneficial, is not necessary for responding to suggestions. On the contrary, in challenge-ideomotor suggestions, actual and simulated somatosensory inputs are incongruent, and therefore, the suggestion will be responded to, only if, neural adaptation due to amplified attention to actual input occurs, which makes them more demanding.

Although SATH propositions are mechanistic in explaining ideomotor suggestions, they can accommodate the usage of different strategies by different participants in responding to the same suggestion. Based on SATH, if suggestions are ambiguous about imagery, proprioceptive feedback, or settings that need to be simulated, participants are likely to come up with their own, which may have different consequences. For instance, Galea et al. (2010) investigated the physiological effects of the arm rigidity suggestion. To implement this suggestion, participants use divergent strategies, namely, (Schoenberger, 2000) some simultaneously activated agonist and antagonist muscles (biceps and triceps), (Alladin and Alibhai, 2007) some others only activated the antagonist (triceps) but inactivated the agonist, and some (Valentine et al., 2019) did not activate any muscle group. These results show that participants formulate different individual-specific predictions based on the same suggestion. Based on SATH’s proposition, if participants simulate the scenario where their arms are locked, they should activate the agonist muscle but simultaneously block the movement by activating the antagonist muscle. However, if they simulate the situation where their arms are temporarily paralyzed, they should only activate the antagonist muscle or not activate any muscle at all. Neuroimaging data partially supporting this account have been reported by Deeley et al. (2014). They reported that different (precise and elaborated) motor suggestions, focusing on a similar movement but consisting of different imaginations, caused different patterns of activation and functional brain connectivity. A part of these results show that neural correlates of suggestions depend on which cognitive simulations they are promoting, which is aligned with the proposition of SATH.

Further, one should note that SATH assumes a balance between cognitive simulation and neural adaptation and following sensory attenuation. That means, in line with previous results (Pekala et al., 1995; Barrett, 1996; Terhune et al., 2011; Terhune, 2015), we expect that some participants who are better at cognitive simulation require less sensory attenuation to achieve the dominance of suggested reality to actual reality, but some others who exhibit dissociative tendencies might rely more on sensory attenuation.

SATH can further provide a mechanistic explanation for neuroimaging studies focusing on challenge-ideomotor suggestions. For instance, based on SATH, one should expect that higher-order motor predictions would not be affected during direct verbal suggestions, but somatosensory prediction errors should be reduced due to neural adaptation, similar to negative hysteresis (Lopresti-Goodman et al., 2013; Frank, 2016). Accordingly, Ludwig et al. (2015) showed that hypnotic paralysis (similar to arm rigidity), in contrast to feigned paralysis, is not associated with decreased frontopolar cortex activity. However, in all conditions, the activity of premotor, motor, and somatosensory areas was reduced. Additionally, in an fMRI (Cojan et al., 2009) and follow-up EEG study (Cojan et al., 2013), it was shown that despite the preservation of preparatory motor predictions, the brain regions related to imagery, such as the precuneus and extrastriate visual areas, were more active during hypnotic paralysis compared to feigned paralysis. Further, frontal regions, especially the inferior frontal gyrus, were also more active during hypnotic paralysis than in control conditions, probably showing the amplified attentional allocation (Cojan et al., 2009, 2013).

One point needs to be discussed here. Zamansky and Clark (1986) showed that participants can respond to challenge-ideomotor suggestions even when they induce counter-imagination. For instance, while participants were responding to the arm rigidity suggestion, the hypnotist asked them to imagine being able to bend their arms. Interestingly, contradictory imaginations did not prevent medium and highly hypnotizable participants from following challenge-ideomotor suggestions. Does this finding contradict SATH’s proposition? SATH argues that the main driver of challenge-ideomotor suggestions is the neural adaptation caused by unusually strong attention to actual somatosensory input. Although a degree of cognitive simulation is required to produce a stream of virtual somatosensory feedback, this simulation is not necessarily imagery and can be related to the retrieval of proprioceptive effects of an event. Further, when considering the results of Zamansky and Clark (1986), it is evident that a contradictory suggestion was presented only if and immediately after hypnotized participants had successfully responded to the main challenge-ideomotor suggestion. In other words, only after successful neural adaptation during the first challenge suggestion was the second suggestion countering the primary suggestion presented. Therefore, these findings have little direct bearing against the propositions of SATH.




4.2 Changes in perception

Alterations in perception, induced by direct verbal suggestions, are commonly called “hallucinations” or “agnosia” to emphasize the strong conviction that participants develop about their responses (Kihlstrom, 2008). As discussed above, direct verbal suggestions can induce both positive and negative hallucinations, referring to adding elements to the perceptual reality or eliminating elements from it, respectively.

To explain perceptual suggestions via SATH, one does not need to assume any new mechanisms. However, when discussing positive or negative hallucinations, we are focusing on modalities where predictions are rarely, if ever, enforced in case of strong prediction errors (Sterzer et al., 2018; Yon et al., 2019). This feature contrasts with motor responses, where the active agent regularly uses sensory attenuation to eliminate prediction errors and enforce motor predictions (Adams et al., 2013; Brown et al., 2013; Clark, 2013). As a consequence, although the same two mechanisms employed for responding to ideomotor suggestions (i.e., sensory attenuation and cognitive simulation) are used for responding to perceptual suggestions, they constitute a separate category. To understand this point better, one can notice the difference between active and perceptual inference (Friston et al., 2020). Although active inference is closely related to internal states and the effects of changing internal states on external ones (i.e., the intrinsic information geometry), perceptual inference is focused on external states and, hence, the extrinsic information geometry (Friston et al., 2020). Therefore, this seemingly minor change in modality, i.e., from proprioceptive and motor predictions to exteroceptive ones, distinguishes perceptual suggestions from ideomotor ones.

If the proposition of SATH regarding the employment of cognitive simulation and sensory attenuation for responding to perceptual suggestions is correct, two sets of observations should be expected. First, if cognitive simulation creates predictions that are similar to perceptual inference for responding to perceptual suggestions, one should expect a comparable neural response to be caused by suggestions for positive hallucination and actual perception of stimuli. When different forms of positive hallucinations induced by suggestions are considered, such as auditory (Szechtman et al., 1998; Woody and Szechtman, 2000), visual (Mazzoni et al., 2009; McGeown et al., 2012), and tactile hallucinations (Derbyshire et al., 2004), they indeed cause the activation of the same brain regions as perceiving corresponding real stimuli. For instance, in an fMRI study, McGeown et al. (2012) first showed a grayscale and a color scale to their participants (Figure 3A); later, they showed the grayscale and suggested that participants mentally add color to the grayscale either inside or outside of hypnosis. Regardless of hypnosis, in highly hypnotizable participants, the suggestion induced the intended color hallucination, which was correlated with activity in color-sensitive brain areas (Figure 3B). Other fMRI recordings by Derbyshire et al. (2004) revealed that suggestion-induced pain and pain caused by physical stimuli activated similar brain areas, including the thalamus, ACC, insula, prefrontal, and parietal cortices (Figure 3C).
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FIGURE 3
 (A) Color and gray scales used in the study of McGeown et al. (2012). (B) (Left) the pattern of activation when viewing colors- compared to grayscale; (right) effects of a suggestion inducing positive color hallucination when looking at the grayscale in highly hypnotic suggestible participants; Crosshairs: the left fusiform region [adapted with permission from McGeown et al. (2012)]. (C) Brain activity of physically induced pain (left, red-yellow scale) and hypnotically induced pain (right, blue-purple scale) [adapted with permission from Derbyshire et al. (2004)].


Two points should be discussed here. First, since SATH does not rely on the assumption of a specific state of consciousness for responding to hypnotic suggestions, it predicts the same effects for direct verbal suggestions regardless of hypnosis. Indeed, many studies showed that the effects of hallucination suggestions are similar to those delivered outside of hypnosis in terms of performance and brain activity (Mazzoni et al., 2009; McGeown et al., 2012).

The second point concerns the impact of expectations on determining the effects of cognitive simulation. Szechtman et al. (1998) tried to show that hypnotic suggestions and imagination affect hypnotized participants differently. They reported that in hypnotized participants, listening to a real sound and the hypnotic suggestion that a sound is present (their “hallucination condition”) lead to vivid impressions of hearing a sound. However, a hypnotic suggestion to “imagine” the sound did not cause the same report. Positron emission tomography (PET) imaging showed that the hallucination and real sound condition activated both the auditory temporal cortex and the ACC, whereas the imagination suggestion only activated the temporal cortex but not the ACC. A similar observation has been made in the study of Derbyshire et al. (2004), which used the method of Szechtman et al. (1998) and compared the effects of physically painful stimuli, the imagination of pain, and hypnotic suggestion-induced pain. Do these studies show that cognitive simulation cannot account for the effects of direct verbal suggestions? As discussed above, SATH’s propositions rely on positive and unhindered expectations of the efficacy of the suggestions. In the study of Szechtman et al. (1998), all three conditions took place inside of hypnosis and, hence, were induced by hypnotic suggestions. Therefore, differences between these conditions cannot be used to address the differences between pure imagination and hypnotic suggestions. In this special study, by contrasting different conditions, participants might have developed diverging expectations regarding the imagination condition versus hallucination or listening conditions. Since negative expectations can be particularly detrimental (Jones and Spanos, 1982; Green and Lynn, 2011), these results will not have direct bearings regarding SATH’s hypotheses.

The second set of expected observations based on SATH’s propositions are related to sensory attenuation of actual somatosensory input. Specifically, SATH predicts the sensory attenuation of actual somatosensory input happens when it contradicts hallucination suggestions. This proposition may be better understood when considering negative hallucination suggestions since they are focused on downregulating an actual sensory input. For instance, in the “three boxes” suggestion in the Sandford hypnotic susceptibility scale, three boxes are placed in front of participants, but the hypnotist informs them that there are only two (Weitzenhoffer and Hilgard, 1962). Here, we specifically focus on a common type of negative hallucination suggestions, namely pain-reducing suggestions, as they are successful in a majority of participants, and there is ample evidence about their neural underpinnings (for review, see Thompson et al., 2019).

There are numerous pain-reducing suggestions (for review, see Hammond, 1998); most of them ask participants to specifically attend to pain or form a mental representation of pain-eliciting stimuli and to manipulate this mental representation. For instance, participants might be asked to describe pain elicited by noxious stimuli in terms of a physical object (e.g., a balloon or a brick) and interact with this object (e.g., crunching it or reducing its size). Therefore, in contrast to normal conditions, where participants directly react to stimuli, these suggestions ask them to form a mental representation of noxious stimuli. The disparity between these two conditions is similar to the difference between cognitively simulating planks versus directly interacting with planks, discussed regarding the study of Lopresti-Goodman et al. (2013).

Let us assume that there are two neural populations with precisions [image: image] and [image: image] encoding prediction errors and predictions representing a stimulus, such as an ice cube on the skin, as harmless versus painfully cold. In normal situations with direct reactions to pain-evoking stimuli, Equation 1 only explains positive hysteresis. When a stimulus is previously judged as painful, the stimulus will be judged as still painful, with a slightly lower activation than for an isolated (novel) stimulus. This can be considered as becoming more sensitive to pain. Conversely, when reacting to the same stimulus after a pain-reducing hypnotic suggestion, two scenarios might happen. Either participants focus excessively on painful stimuli, or they form a mental representation of the stimulus and work on it (e.g., by judging its severity or trying to describe and manipulate it). Both scenarios cause an increased and prolonged neural activity in the pain perception population. Therefore, the growth parameter of the pain perception population, [image: image], will be downregulated, as described in Equation 2. Consequently, the activation of the population based on which participants judge stimuli as painful will be decreased (negative hysteresis). This decrease in the activity of the responsible neural population results in the perception of the same stimulus as harmless. In other words, suggestions reduce pain by establishing a mental representation of pain or focusing on the painful stimuli, causing a prolonged neural activity that results in sensory attenuation. This mechanism is not restricted to pain-provoking stimuli. For instance, the perception of tactile, non-pain-provoking stimuli can also be affected by sensory downregulation via top-down processes. The only requisite is that participants either amplify their attention toward it or form a mental representation of the stimulus and engage in manipulating this representation rather than directly responding to sensory input (Vanhaudenhuyse et al., 2009).

The adaptation account of negative hallucinations predicts that brain areas, being activated in response to noxious stimuli, will be less activated after receiving pain-reduction suggestions in comparison to normal conditions.2 This prediction is supported by both fMRI and ERP studies. For instance, in an fMRI study, Vanhaudenhuyse et al. (2009) found that all brain regions activated by pain perception, that is, brainstem, right thalamus, bilateral striatum, right primary somatosensory, bilateral insula, anterior cingulate cortex, right middle frontal gyrus, and right premotor cortex, showed less activation following pain-reducing hypnotic suggestions in comparison to a condition without hypnosis (Figure 4A). In an ERP study, Perri et al. (2019) found hypnotic suggestions to reduce ERP components correlated with pain perception, such as N20, P100, P150, and P250 (Figure 4B). Therefore, the top-down sensory attenuation of the neural population responsible labeling stimuli as painful may explain pain reduction due to hypnotic suggestions. Reasonably, sensory adaptation processes may also explain other negative hallucinations.
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FIGURE 4
 Decrease in brain activity after pain-reducing hypnotic suggestions. (A) Brain regions showing significant (p < 0.05) activation during noxious stimulation (upper row) without hypnosis, (middle row) under the influence of pain-reducing hypnotic suggestions, and (lower row) the hypnotic condition minus the no-hypnosis condition [adapted with permission from Vanhaudenhuyse et al. (2009)]. (B) (Top) grand-average waveforms of sensory-evoked potentials (SEPs) without hypnosis and during hypnosis; shaded areas represent standard deviations; (bottom) topographic maps of the P100, P150, and P250 components in the two conditions [adapted with permission from Perri et al. (2019)].


In generalizing SATH from pain to other perceptual suggestions, one should consider that sensory attenuation due to neural adaptation does not depend on the actual sensory information and external information geometry. In the end, the agent has only access to the output of its sensors rather than the actual world (Friston et al., 2020). For instance, similar to a person with out-of-body experience (Blanke and Metzinger, 2009), a person with extreme dissociative tendencies may preemptively cause sensory attenuation due to neural adaptation in the sensors, primary, and associated neural pathways, which might then lead to hallucinations in response to difficult suggestions such as the three-box suggestion discussed earlier.


4.2.1 Sense of conviction

Why do participants develop a sense of conviction only in response to suggestions but not during normal imagination? Ganis and Schendan (2008) compared the ERP effects of imagining versus perceiving stimuli and showed that imaginations induced the same perceptual processes as external stimuli. The authors suggested that mental imagery causes mental representations of imagined stimuli to be formed and maintained in working memory. This procedure contrasted with the perception condition, in which perceptual representations are rapidly decayed. Ganis and Schendan (2008) concluded that due to the difference in the persistence of (mental vs. perceptual) representations, participants usually do not confuse mental imagery with the perception of external stimuli.

Let us consider the effects of positive hallucination suggestions first. During positive hallucinations, participants are asked to form a stream of mental images (e.g., a developing story rather than a single image). Therefore, participants do not form a single mental representation but a stream of representations, subjected to the same normal decay as external stimuli due to limited working memory capacity (Diamond, 2013). In other words, the unfolding cognitive simulation cannot be maintained in working memory and will be discarded after a certain time. Therefore, these representations can easily be confused with perceived real-life events due to this rapid decay. The distinction between normal daydreaming and the suggested processes in cognitive simulation lies in unusually precise predictions originating from pruning-like processes during cognitive simulation, which is unnecessary and unlikely to form during common daydreaming. Notably, pruning-like activities refer to aligning priors and posteriors and reducing redundancy in the generative models during cognitive simulation, which was discussed as an inherent characteristic of the process. Further, when responding to suggestions, cognitive simulations will be the source of predictions that are compared with virtual somatosensory prediction errors due to sensory attenuation following neural adaptation. Therefore, these processes will make these predictions unusually resource-consuming, leading to much faster decay than for the contents of common daydreaming.

In contrast to positive hallucination suggestions, during negative hallucinations, an external stimulus is transformed into a mental representation and manipulated repeatedly, causing an enduring representation with an accompanying neural activation that can be subjected to top-down attentional effects rather than normal sensory decay or attenuation. This neural adaptation causes an actual somatosensory input to be judged as imaginary. Therefore, when participants respond successfully to perception-related suggestions, the subjective sense of conviction about the mental imagery seems to be a byproduct of the underlying cognitive processes.




4.3 Changes in cognition


4.3.1 Learning through simulation

A commonly administrated type of direct verbal suggestions is related to the suppression of habitual responses or to learning new stimulus–response contingencies. Here, we will first discuss how SATH accounts for the effects of task-relevant suggestions on performance in cognitive tasks, followed by the effects of neutral hypnosis (i.e., hypnosis without task-relevant suggestion). Briefly, SATH claims that the enhancing effects of suggestions on performing cognitive tasks can be attributed to improved learning of new stimulus–response contingencies and, consequently, more efficient implementation of cognitive control processes.

Many studies using posthypnotic suggestions to manipulate cognitive processes have focused on the inhibition function as required, for example, in the Stroop (Raz et al., 2006; Zahedi et al., 2019), Erikson (Iani et al., 2006), Simon (Iani et al., 2009), and Go-NoGo task (Zahedi et al., 2020a). In these tasks, performance enhancements might be attributed to both bottom-up or top-down processes (cf. Zahedi et al., 2020b). For instance, in the Stroop task, color words are presented in different ink colors. Participants are required to respond to the ink colors while ignoring words’ meanings. Here, a habitual response, that is, reading the word, has to be suppressed in order to avoid conflicts with naming the ink color. Consequently, Stroop task performance can be improved via (Schoenberger, 2000) alterations in bottom-up processes, such as blocking interfering semantic input to prevent any interference. Damage to the occipitotemporal region of the left hemisphere through which visual word forms are attained can cause a form of dyslexia characterized by letter-by-letter reading (Warrington and Shallice, 1980). In the same manner, if posthypnotic suggestions in the Stroop task can affect bottom-up processes, for instance, by decoupling or impairing the word-form system, task performance will be enhanced without employing cognitive control. Alternatively, (Alladin and Alibhai, 2007) participants may deploy additional cognitive control to detect and suppress interfering information more efficiently, which, in turn, facilitates conflict resolution. This second scenario, however, relies on implementing top-down processes.

Recent findings show that posthypnotic suggestions can also enhance performance in working memory updating tasks (Lindelov et al., 2017; Zahedi et al., 2020b), where changes in bottom-up processes cannot contribute to task performance (cf. Zahedi et al., 2020b). Therefore, the effects of hypnotic and posthypnotic suggestions may be specifically related to alterations in top-down processes (Terhune et al., 2017). However, which specific top-down processes can be affected by posthypnotic suggestions is a more contentious issue.

Usually, hypnotic and posthypnotic suggestions, which are used to improve performance in cognitive tasks, are merely elaborated rephrasings of task instructions. Thus, the effects of these suggestions cannot be attributed to implementing a different strategy (Zahedi et al., 2020b). However, when one considers cognitive tasks in general, they engage participants in novel situations requiring the development of new responses. Also, in many of these studies, hypnotized participants are asked to imagine the targeted task and implement suggestions in their imagination (Zahedi et al., 2017, 2020b). In these scenarios, cognitive simulation might provide a setting where multilevel associations can be mentally practiced. SATH makes an implicit assumption: cognitive control is related to multi-level learning (Egner, 2014), which involves associative learning related to both trial-by-trial and more abstract trial features (Abrahamse et al., 2016). Hence, cognitive learning can be understood in terms of creating associations between stimuli and responses that are context-dependent and modulated by rewards and punishments (Abrahamse et al., 2016). Further, environmental cues will inform the necessary rate of updating the models based on higher-order characteristics such as environmental stability (Trempler et al., 2017; Simoens et al., 2024). Noticeably, it has been shown that independent of hypnotic suggestions, the application of mental practice can enhance physical or cognitive skill-learning procedures (Frank et al., 2015; Stefanidis et al., 2017). Further, refuting the claim that only hypnotic and posthypnotic suggestions can affect performance, it has been shown that task-relevant suggestions can enhance cognitive performance also outside of hypnosis (Parris and Dienes, 2013; Palfi et al., 2020).

How does learning boost performance in inhibition and updating tasks? In inhibition tasks, a second well-learned stimulus–response association, which can compete with the automatic but inappropriate response, makes participants capable of exerting inhibition more efficiently (Dulaney and Rogers, 1994; Protopapas et al., 2014). For example, Stroop effects are resilient to practice but not immune and can be significantly reduced by extensive practice in participants of almost every age (Dulaney and Rogers, 1994; Protopapas et al., 2014). Learning, however, can happen on multiple levels (Egner, 2014), which will become clearer if one considers changes in conflict adaptability (Egner, 2014; Yang et al., 2022) and proportion congruent effects (Schmidt and Besner, 2008). Conflict adaptability refers to the observation that congruency effects will be reduced after an incongruent compared to congruent trial in the Stroop (Egner, 2014; Yang et al., 2022) or similar cognitive tasks (Sturmer et al., 2002; Sturmer and Leuthold, 2003). Notably, these modulations depend on trial-dependent feedback in the Stroop task (Yang et al., 2022). The proportion of congruent effect refers to the reduction of congruency effects when the proportion of incongruent to congruent trials is higher in different blocks (Schmidt and Besner, 2008; Mayr and Awh, 2009). These observations indicate how both lower- and higher-order associations can independently (Mayr and Awh, 2009) modulate cognitive control (Egner, 2014). In the same manner, mental practice during suggestions can affect these multi-level associations, which ultimately causes a reduction in congruency effects and, therefore, enhancements in task performance.

Additionally, it has been shown that extensive training can enhance performance in updating tasks but will not actually increase working memory capacity (Diamond and Ling, 2016). Instead, a well-learned response empowers participants to utilize their cognitive control processes more efficiently. To summarize, it has not only been shown that practice can enhance performance in inhibition and updating tasks but also that the mechanisms underlying these enhancements are the same as those mechanisms that SATH proposes for explaining the effects of task-relevant direct verbal suggestions (Zahedi et al., 2020b).

Two aspects of the effects of direct verbal suggestions need further consideration. First, direct verbal suggestions can be turned on and off by presenting a cue that had been mentioned in the suggestions (a process called anchoring) (Raz et al., 2003; Iani et al., 2006; Zahedi et al., 2020b). If learning and habitualization of a new stimulus–response association results in observed behavioral enhancements, one might expect they will be present even after deactivating the suggestion. It has been repeatedly shown that learning can be context-dependent, especially if learned responses are not extensively practiced across different settings. For instance, Abrahamse and Verwey (2008) have shown that changing the context causes participants to inhibit learned responses. In addition, Ruitenberg et al. (2012) showed that changing contextual cues can be detrimental to learned responses, especially if the duration of practice is limited. The same may be true for the effects of direct verbal suggestions. Especially if one considers that these suggestions do not cause an automatic response to be formed (Tobis and Kihlstrom, 2010), contextual dependencies can explain why the effects of direct verbal suggestions vanish when they are deactivated.

Second, what are the benefits of direct verbal suggestions if their effects can be understood in terms of practice? Practice-related enhancements in cognitive performance are often achieved through very extensive training sessions and confined to the trained cognitive skill (Diamond and Ling, 2016; Melby-Lervag et al., 2016). This contrasts suggestions, which can affect performance after a relatively short mental practice (Zahedi et al., 2020b) and target higher-order abstractions rather than trial-by-trial associations (Lindelov et al., 2017). Therefore, as discussed in several studies, suggestions can be used to improve the efficacy and efficiency of cognitive training in both normal participants (Zahedi et al., 2020b) and brain-damaged patients (Lindelov et al., 2017).

Notably, to explain the temporal properties of suggestion effects, SATH relies on the fundamental properties of cognitive simulation: while predictions are isolated from the somatosensory prediction errors (Kirchhoff, 2017; Jones and Wilkinson, 2020), predictions are aligned with simulated prediction errors, and thus, redundancy in the existing generative models will be reduced (Hobson and Friston, 2012; Friston et al., 2020). This process facilitates the formation of more precise predictions in shorter time periods and with less repetition. What happens during simulation is similar to the transference of content from short-term to long-term memory during sleep (Hobson and Friston, 2012; Friston et al., 2020): while the agent is isolated from the environment and therefore, no new memory is created, weaker connections are eliminated in favor of strengthening more prominent ones, (Barron et al., 2020; Jones and Wilkinson, 2020). Notably, the isolation from actual somatosensory input reduces the necessity for cognitive stability, i.e., protecting the models from being updated based on random noise, and thus, the agent can be cognitively more flexible and update the models more readily when faced with substantial evidence (Trempler et al., 2017; Dreisbach and Fröber, 2018). However, it should be noted that different participants might target differential contingencies via cognitive simulation. For instance, in the case of word-blindness suggestions in the Stroop task, some participants might modulate lower-level, trial-by-trial contingencies, which would affect performance similar to conflict adaptation (Egner, 2014; Yang et al., 2022) both in terms of magnitude and quality. Yet, other participants might modulate higher-order, context-relevant contingencies that have similar effects as the proportion of congruency (Schmidt and Besner, 2008).

Suppose the effects of direct verbal suggestions are related to mental practice. In that case, performance enhancements in updating and inhibition tasks should be related to enhanced utilization of proactive control and decreased utilization of reactive control. Proactive control is a form of control recruited in advance of a situation where executive control might be necessary without consideration of its actual necessity. In contrast, reactive control is employed when the need for cognitive control, such as conflict resolution, has been detected (Braver, 2012). Several lines of results corroborate this hypothesis. First, Zahedi et al. (2017) observed that during task completion under the influence of suggestions, frontal theta and beta activity were increased (Figure 5A). This result possibly indicates increased utilization of executive functions (Reinhart and Nguyen, 2019) and reduction of prediction errors or the precision-weighting afforded to these predictions errors (Palmer et al., 2019) when suggestions are activated. Second, previous studies (Zahedi et al., 2019, 2020a,b) repeatedly showed that when direct verbal suggestions are activated, P3 amplitude is increased (Figure 5B). The increased P3 possibly highlights the incorporation of top-down processes and attentional resources (Polich, 2007; Fonken et al., 2020).
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FIGURE 5
 (A) (Top) Theta and (bottom) beta activation during the completion of the Stroop task [adapted with permission from Zahedi et al. (2017)]. (B) Increased P3 amplitude when posthypnotic suggestions are activated compared to deactivated during the completion of the tone-tracking task (Miyake et al., 2000), measuring updating in working memory; PHS-, posthypnotic suggestions are deactivated; PHS+, posthypnotic suggestions are activated [adapted with permission from Zahedi et al. (2020a)].


Finally, if the proactive hypothesis is correct, then when direct verbal suggestions are active, task load effects should decrease in both inhibition and updating tasks. Corroborating this hypothesis, Raz et al. (2005) observed that in inhibition tasks under the effects of direct verbal suggestions, conflict resolution improves, resulting in decreased brain activity in regions related to conflict detection, such as the ACC. Furthermore, under the influence of suggestions, the N400 amplitude was decreased (Zahedi et al., 2019), which shows a reduction in semantic activation caused by automatic word reading in the Stroop and similar tasks. Further, decreased activity in brain regions related to semantic activation, such as the fusiform gyrus, superior and middle temporal gyri, pre- and postcentral gyri, and supplementary motor area (Ulrich et al., 2015), corroborates the reduction in task load. Also, in updating tasks, the task load on working memory buffers decreased due to enhancements caused by direct verbal suggestions (Zahedi et al., 2020b).

Notably, neutral hypnosis has no reliable effect on performance in cognitive tasks (Egner et al., 2005; Zahedi et al., 2017). According to SATH, it is conceivable that only task-relevant suggestions, which can provide a ground for mental practice, may affect performance, and task-irrelevant suggestions, such as relaxation-inducing ones, presented during neutral hypnosis, will not affect performance in any systematic way.



4.3.2 Changes in decision-making

As mentioned above, direct verbal suggestions can be used to affect participants’ decisions. One interesting application of suggestions is related to shifting participants’ food choices toward more healthy food items (Ludwig et al., 2014; Zahedi et al., 2020a, 2023). The suggestion that is used for this matter commonly asks participants to imagine a specific type of food and, by attending to its physical properties, imagine how delicious it is (Zahedi et al., 2020a).

Here, the account of SATH regarding learning through simulation can be expanded to explain the effects of direct verbal suggestions on decision-making. If, in response to other cognitive suggestions, participants need to create novel stimulus–response contingencies, in response to decision-making suggestions, they need to form stimulus-outcome associations (Colwill, 1993; Colwill and Delamater, 1995). In a sense, SATH proposes that the effects of direct verbal suggestions are similar to evaluative conditioning (Hofmann et al., 2010; Hutter and Rothermund, 2020), where emotionally neutral stimuli will become emotional through associations with unconditioned emotional stimuli. If one focuses on the food suggestions mentioned above, the only difference between standard evaluative conditioning and direct verbal suggestions is that in response to suggestions, participants need to simulate unconditioned and conditioned stimuli mentally. Further, as the simulation can be focused on abstract and semantic entities, the unconditioned stimuli will be broader compared to what one can use during standard evaluative conditioning. For instance, participants might directly associate a food category with deliciousness, which is a semantic entity rather than a standard unconditioned stimulus. Other than that, in both cases, emotionally neutral stimuli become conditioned through associations with unconditional stimuli.

Accordingly, previous studies show that direct verbal suggestions affect participants’ preferences for the targeted food items, which can explain changes in their choices (Zahedi et al., 2023). Further, the changes in preferences are related to the increased P1 amplitude (Zahedi et al., 2020a), which is an early ERP component that has been shown to be associated with preferences and reward saliency (Hickey et al., 2010; Donohue et al., 2016).



4.3.3 Sense of conviction

As discussed before, the SoA has two subcomponents: involuntariness and effortlessness (Polito et al., 2013). Considering alterations in the SoA under the influence of direct verbal suggestions targeting performance in cognitive tasks, effortlessness is more relevant than the experience of involuntariness. In other words, since participation in a cognitive task requires goal-directed actions, participants cannot sense involuntariness, even if one is already well-equipped with appropriate responses. This can be translated into the feeling that suggestions cause better performance with the same effort as before rather than conducting an action without attributing it to the direct exertion of volition. As suggested by SATH, under the influence of direct verbal suggestions, participants may perform a cognitive task with less reactive cognitive control and more proactively and consequently more efficiently (Zahedi et al., 2019, 2020b; Parris et al., 2021), which would feel comparatively effortless.




4.4 Hypnotizability and its determinants

Participants are different in their responsiveness to hypnotic and posthypnotic suggestions. In other words, some are more hypnotizable than others (Shor and Orne, 1963; McConkey et al., 1980; Bongartz, 1985; Woody et al., 2005). Hypnotizability can be defined as what is measured by standardized scales of hypnotic susceptibility (for review, see Woody and Barnier, 2008). Another way to think about hypnotizability has been offered by Kirsch (1997), who distinguished between (I) suggestibility, (II) hypnotic suggestibility, and (III) hypnotizability. (I) Suggestibility is defined as the capability to respond to direct verbal suggestions outside of hypnosis. (II) Hypnotic suggestibility, on the other hand, is the ability to respond to direct verbal suggestions after hypnotic induction. Finally, (III) hypnotizability is the increase in suggestibility due to the induction of hypnosis. According to Kirsch (1997), common hypnotic susceptibility scales measure hypnotic suggestibility rather than hypnotizability per se. However, since there are strong correlations between general suggestibility and hypnotic suggestibility (r = 0.67 for behavioral scores; r = 0.82 for subjective scores; Braffman and Kirsch, 1999), measuring hypnotizability as defined by Kirsch (1997) is challenging.

SATH embraces the discussion of Kirsch (1997) and, hence, it distinguishes between general suggestibility, that is, the capability of a person to respond to suggestions regardless of hypnosis, and hypnotizability, that is, the increase in suggestibility due to the reception of hypnotic induction. Accordingly, the top-down mechanisms proposed by SATH are related to general suggestibility and not to hypnotizability.

Three observations regarding hypnotic suggestibility will be discussed here. First, several studies (McConkey et al., 1980; Woody et al., 2005) have shown that hypnotic suggestibility, as measured by common scales, such as HGSHS-A (Shor and Orne, 1962) and SHSC-C (Weitzenhoffer and Hilgard, 1962), does not consist of a unitary capability, but instead is composed of several factors. In other words, the heterogeneity in responding to different hypnotic and posthypnotic suggestions cannot be attributed simply to the difficulty of items; to the contrary, it seems that different items tap into distinguishable capabilities, and therefore, hypnotic suggestibility is composed of several different suggestibilities (McConkey et al., 1980; Woody et al., 2005). SATH accommodates this observation by assuming that direct-ideomotor suggestions require mainly cognitive simulation in contrast to challenge-ideomotor ones that also require sensory attenuation. Further, due to the change in modality, perceptual suggestions should be separated from motor suggestions. SATH expects that there will be more categories of suggestions, but at least in the standard scales of hypnotic suggestibility, these three categories can be distinguished. As SATH assumes that different cognitive capabilities are required to respond to these different categories, they should be separable in terms of their latent factorial structure. However, as these categories rely on shared cognitive abilities, SATH predicts that the latent factors underlying these categories should be correlated. In a confirmatory factor analysis, Zahedi and Sommer (2022) have shown that SATH’s propositions can successfully model hypnotic suggestibility scores measured by the HGSHS-A.

Considering SATH’s postulation that several top-down processes are involved in responding to suggestions, no single cognitive capability, such as the capability to fantasize, suppress irrelevant information, or inhibit prepotent responses, will suffice to respond to all kinds of suggestions (Parris, 2017; Terhune et al., 2017; Lynn et al., 2019). This postulation can explain the mixed results that exist in the field. For instance, several well-conducted recent neurocognitive studies showed that in no-hypnosis conditions, highly suggestible participants performed better in cognitive tasks when compared to low suggestible ones, which was corroborated by the measured neural correlates (Kirenskaya et al., 2019; Srzich et al., 2019). In contrast, Khodaverdi-Khani and Laurence (2016) showed digit span performance in highly suggestible participants is inferior in comparison to low suggestible participants, but there was no significant difference in an N-back task, revealing inconclusive findings with regard to working memory performance. On the other hand, the results of Dienes et al. (2009) in a large sample ([image: image]) revealed that there was no correlation between hypnotic susceptibility and cognitive capabilities. Based on SATH, studies investigating the relation between hypnotizability and other processes are not useful unless they take into account the factorial nature of these scales.

Here, it should be once more highlighted that cognitive simulation and sensory attenuation are not complicated and special cognitive processes. For instance, top-down controlled attenuation of sensory input can also be observed in non-human species (Saalmann and Kastner, 2009; Manita et al., 2015). In other words, regardless of baseline cognitive capabilities, to some extent, all participants can exert top-down control over perception. For example, in two previous studies with healthy participants, all of them showed top-down attenuation of neural activity, regardless of their performance in other tasks (Lopresti-Goodman et al., 2013; Fazeli et al., 2014).

The second observation is related to inter-individual differences in hypnotic suggestibility. Previous studies (Terhune and Cardeña, 2010; Terhune et al., 2011; Terhune, 2015) have shown that there are at least two different groups of highly suggestible participants. However, these categorical differences cannot explain the dimensional characteristics of hypnotizability scores discussed above (Reshetnikov and Terhune, 2022). These two groups can be described as being high in dissociative tendencies versus avid users of imaginative capabilities (Pekala et al., 1995; Barrett, 1996; Barber, 1999; Barber, 2000). This observation can be accommodated as well via the propositions of SATH. Even when considering a single hypnotic or posthypnotic suggestion, participants might use different mechanisms to different extents to comply with it. A participant capable of vividly simulating suggested stimuli but less capable of allocating amplified attention to actual sensory input may rely on cognitive simulation to respond to direct verbal suggestions. This participant can render virtual somatosensory prediction errors more precise than predictions by cognitive simulation. Conversely, a person with the opposite distribution of capabilities, ceteris paribus, may rely more on sensory attenuation to decrease the precision of somatosensory input. Therefore, SATH predicts that there are different groups of highly suggestible participants who rely mainly on different capabilities to respond to direct verbal suggestions.

The last point is related to psychosocial antecedents that can affect responsiveness to suggestions. These antecedents are precisely what Kirsch (1997) assumes for distinguishing between suggestibility and hypnotic suggestibility, which originated from the works of Hilgard (1965a,b). Accordingly, SATH assumes that, besides cognitive capabilities, psychosocial factors affect suggestibility. Notably, psychosocial factors are of unique importance for determining hypnotizability, that is, the increase in suggestibility due to hypnotic induction (Kirsch, 1997). In line with this claim, it has been shown that when measuring hypnotic suggestibility – the combined effect of suggestibility and hypnotizability – psychosocial factors such as willingness to be hypnotized and openness of participants (Green and Lynn, 2011; Lynn et al., 2015b), expectations about hypnosis (Kirsch and Lynn, 1997), rapport with the hypnotist (Lynn et al., 2019), and motivation to respond to suggestions (Jones and Spanos, 1982) are relevant.

Corroborating this hypothesis, the results of Zahedi and Sommer (2022) suggested that a bifactorial model can explain the variance in hypnotic suggestibility, as measured by HGSHS-A, scores better than normal multifactorial ones. Bifactorial models show that two sources of variance are simultaneously affecting the data (Reise, 2012; Eid et al., 2018). Hence, this result might corroborate the hypothesis of Kirsch (1997) and Hilgard (1965a,b), which is also echoed by SATH.




5 Comparison with other theories of hypnosis based on PCF

SATH is not the only or the first hypnosis theory that is based on the PCF. To the best of our knowledge (for a systematic review, see Zahedi et al., 2021), two other hypnosis theories use elements of the PCF, which will be presented shortly here due to length limits. The first is Interoceptive Predictive Coding (Jamieson, 2016; Jamieson, 2021). Jamieson (2016) uses a combination of the PCF and comparator model (Frith et al., 2000), where it is necessary to have two copies of any motor command, one for predicting the consequences of the action and the other for conducting it. To understand the altered SoA and SoR while responding to motor suggestions, Jamieson (2016) argues that the misattribution of movements to external sources in hypnotized participants must be related to the formation of internal models based on the hypnotist’s suggestions. Further, these internal models are not implemented through normal pathways but by lower-level perceptual and proprioceptive units. Therefore, no interoceptive predictions will be formed, and due to their absence, participants cannot recognize the source of their actions. In a new iteration of his theory, Jamieson (2018) further explains that during hypnotic responses, the generative models cannot be updated based on feedback from reality, as doing so will align generative models with reality.

In the second predictive coding model, Martin and Pacherie (2019) proposed that, in contrast to active inference under normal conditions, during responses to hypnotic suggestions, somatosensory and proprioceptive signals are not attenuated but are even more precise compared to normal conditions. However, during hypnosis also, predictions will be more precise compared to normal conditions because they are based on hypnotic suggestions. Critically, during hypnosis, in a fast-altering manner, predictions will be given a higher and then lower weight compared to prediction errors, which provides windows where action can take place. As both predictions and somatosensory feedback are precise, a persistent and unresolved prediction error is generated. To interpret strong prediction error signals during hypnosis, participants will attribute their actions to external forces.

SATH is distinguishable from both of the accounts of Jamieson (2016) and Martin and Pacherie (2019) as it, first, assumes several mechanisms underlying the effects of suggestions in order to explain multiple groups of highly hypnotizable participants and the multifactorial structure of suggestibility. Second, unlike the account of Jamieson (2016), SATH does not assume an altered state of consciousness to explain the effects of suggestions but argues that implementing normal cognitive processes can result in the observed effects. Third, Martin and Pacherie (2019) focus on motor suggestions, and their generalization to other forms of suggestions requires implementing new insights or elements, which are already explicated by SATH. Finally, SATH introduces an expansion of the PCF rather than an exception to its underlying mechanisms, which is clear if one considers the similarity between SATH and other PCF modules, such as the accounts of hysteria by Edwards et al. (2012).



6 Conclusion

In the current paper, we proposed a new framework, called SATH, for understanding hypnotic phenomena. SATH is based on the PCF and ambitiously expands it to account for the objective and subjective effects of direct verbal suggestions, including hypnotic and posthypnotic ones. Specifically, SATH focuses on three top-down cognitive processes, namely, (1) cognitive simulation, (2) neural adaptation, and (3) learning through simulation. The core postulations of SATH can be summarized as follows: (1) by simulating proprioceptive, interoceptive, and exteroceptive signals, individuals can produce precise predictions that dominate unattenuated prediction errors. (2) The top-down controlled attenuation of sensory prediction errors due to neural adaptation can make sensory feedback from external sources less precise than from simulated ones. Furthermore, (3) through simulations, individuals can learn new stimulus–response or stimulus-outcome associations. Together, these three postulations can mechanistically explain a wide range of objective and subjective effects of hypnotic phenomena. We believe the suggested framework is exhaustive and parsimonious and provides many testable hypotheses about the basic mechanisms involved in responding to direct verbal suggestions, including hypnotic ones. Therefore, in line with criteria outlined by philosophers of science, such as Popper (1971), SATH should be able to advance our understanding of hypnotic phenomena by accounting for many existing findings and providing viable avenues for future research.
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Footnotes

1   Interestingly, the criteria of parsimony and adequacy (Popper, 1971) apply to active inference accounts of sense-making in the brain. One way of understanding predictive coding is in terms of maximizing the evidence for generative (world) models of the sensorium. The logarithm of this model evidence is equal to accuracy minus complexity. This is congruent with the imperatives for adequacy and parsimony. In other words, self-evidencing (Hohwy, 2014) complies with the same principles as would apply to the brain as a little scientist (Bruineberg et al., 2018). Therefore, by basing SATH on the PCF, it is possible to adhere to Popper’s criteria for a new theory.

2   Notably, SATH also predicts an initial increased activity in the sensors, the primary somatosensory, or associated brain cortices. However, this increase might happen preemptively and should not happen after the perception of each stimulus. It might also happen during the reception of the suggestion rather than its execution, or be restricted to early trials rather than later ones. To the best of our knowledge, there is no study that corroborates or refutes this hypothesis.
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Hypnosis has been applied in healing procedures since the earliest of recorded history and today it is implemented in a wholesome concept Hypnotherapy (HT1). On a neurophysiological level, hypnosis has been associated with parts of the Default Mode Network (DMN2), but its effects on this network when induced in a treatment setting of a widespread disorder, namely depression, have never been investigated. Depression is associated with abnormal functional connectivity (FC3) of the DMN. Cognitive Behavioral Therapy (CBT4) has proven itself to be an effective treatment for depression; effects of CBT on DMN-related regions are heterogeneous. In the past years, HT was found to be a promising alternative or helpful adjunction. Yet, its underlying mechanisms remain to be unclear. In this original study 75 depressed patients receiving either CBT or HT were included and measured during resting-state before and after therapy with functional near-infrared-spectroscopy (fNIRS5). On symptom level, results show a significant reduction in both groups. On a neurophysiological level, first exploratory analyses hint toward treatment effects in two components of the DMN. However, these effects do not withstand correction for multiple testing. Still, our study is a first stepstone in the investigation of neural mechanisms of HT and offers first ideas about possible implications.
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1 Introduction

Hypnosis and hypnotic trance have been used in healing rituals and practices since the earliest of recorded history (Hammond, 2013). In nowadays treatments it is applied in the medical and psychological field, often as adjunction to established treatment procedures. In this so-called Hypnotherapy (HT), states of trance, that are induced by hypnosis, are used to create an altered state of consciousness (Revenstorf, 2006), which is characterized by focused attention and reduced peripheral awareness (Griffiths, 2017). At the same time, hypnotic trance has been identified as a multi-facetted phenomenon, being linked to biological, psychological, and social factors (Jensen et al., 2015) which when it is applied in therapy, patients can learn to control symptoms and physiological functions that are usually not accessible consciously (Whorwell, 2011) and access individual resources (Revenstorf and Peter, 2009).

On a neurophysiological level, hypnosis and trance have been associated with changes in the Default Mode Network (DMN; Halsband and Wolf, 2021). The DMN is a core-network that was found to show robust coupling of spontaneous fluctuations (Greicius et al., 2008; Horovitz et al., 2009; Vanhaudenhuyse et al., 2010; Menon, 2011). The DMN is typically deactivated during attention demanding tasks but active during resting state (Raichle et al., 2001; Greicius et al., 2003). Its core nodes include the posterior cingulate cortex (PCC6), including the precuneus (PCu7), medial prefrontal cortex, nodes in the medial temporal lobe and the angular gyrus (Menon, 2011). The blood oxygen level dependent (BOLD8) signal shows a pattern of very low frequency range (>0.1 Hz; Sonuga-Barke and Castellanos, 2007). The DMN is associated with self-referential mental processes like thinking about one’s future, theory of mind, and affective decision making (Andrews-Hanna et al., 2010; Menon, 2011) and spontaneous thoughts during these self-referential processes (Mason et al., 2007; Rosenbaum et al., 2016, 2017).

The results to whether DMN activity during hypnosis increases or decreases vary among the studies. In earlier studies, increases in DMN activity during hypnosis were mainly found in the PCC and PCu as well as prefrontal areas like the anterior cingulate cortex (ACC9) (Rainville et al., 2002; Egner et al., 2005; Cojan et al., 2009; Pyka et al., 2011). Whereas later data suggests decreased activity in DMN associated regions, namely the ACC, PCC, and other prefrontal areas (McGeown et al., 2009; Deeley et al., 2012). Heterogeneity in these studies could result from the dissimilarities in study designs, tested samples, contents of hypnosis and types of suggestion. In a review of the existing literature the authors conclude on a relative consensus on decreased DMN functional connectivity (FC) during hypnosis/hypnotic trance while changes in the FC between the DMN and other core networks diverge (Halsband and Wolf, 2021).

Yet, the underlying neural mechanisms of hypnosis/hypnotic trance in a therapeutic context, thus HT, have only been investigated twice, namely in dental phobia (Lowén et al., 2013; Halsband and Wolf, 2015) and irritable bowel syndrome (Lowén et al., 2013), two disorders relatively uncommon [prevalence rate of 1.34% in German population (Häuser et al., 2019) and 3.7% of the Dutch population (Oosterink et al., 2009), respectively] compared to highly-prevalent disorders—like depression.

Depression is a widespread disease; currently approximately 280 million suffer from it according to the WHO (2021). Key symptoms in depression are a persistent sad mood, feelings of worthlessness and a loss of joy and interests (American Psychological Association, 2013). Additionally, depressed people were found to be impaired in affective cognition, e.g., the memory of emotional content (Elliott et al., 2011) and depressive rumination. The latter is defined as thoughts that focus on depressive symptoms and their implications (Nolen-Hoeksema, 1991). On a neurophysiological level, depression has been associated with alterations in the DMN, possibly mirroring depressive rumination on a symptom level (Berman et al., 2011; Rosenbaum et al., 2017). However, results on altered DMN activity in depression are slightly heterogeneous.

Hyperactivity in the DMN was found in depressed patients in several early studies (Anand et al., 2005; Greicius et al., 2007; Grimm et al., 2009; Sheline et al., 2009) and was discussed to account for impairments associated with depressive symptoms like emotional processing and cognitive performance (Drevets et al., 2008; Kaiser et al., 2015) or automatic affective processing (Sheline et al., 2009). Yet, in contrast, a depression-specific DMN decrease of FC was also observed (Connolly et al., 2013; Rosenbaum et al., 2017). In an exceptionally large study with over 1,600 measured participants the researchers also found decreased DMN FC in depressed subjects, but only in recurrent depression, not in first-episode depressed patients (Yan et al., 2019). Mixed results, revealing decreased as well as increased FC within the DMN, were also found, hinting toward abnormal DMN functioning in depression (Zhu et al., 2012; Guo et al., 2014).

In treating depression, Cognitive Behavioral Therapy (CBT) and interventions including CBT elements show the strongest evidence in the psychological field (Treatment Target: Depression, 2022). In CBT patients are taught to identify irrational beliefs and dysfunctional thought schemes that entail negative emotions or dysfunctional behavior (Beck et al., 1979) and they are supported to learn the skill of checking the validity of their (negative) beliefs and distance themselves from these beliefs (DeRubeis et al., 2008). The neural mechanisms that underlie a CBT treatment have been researched far less than the efficacy of CBT and until today have not been understood satisfyingly. In a review, DeRubeis et al. (2008) compared the neural changes in patients who received medication or Cognitive Therapy (CT10) and concluded: Amygdala hyperactivity in depressed patients decreased directly due to medication while in patients who received CT prefrontal hypoactivity increased due to therapy and since the prefrontal cortex inhibits the amygdala, amygdala activity decreased indirectly. In a more recent review, the authors conclude that there are indications for biological changes in the brain caused by CBT, but they are not as homogenously clear as one might wish (Franklin et al., 2016). Most commonly, a change in prefrontal areas is observed after CBT (Lueken and Hahn, 2016), specifically a deactivation in the dorsal ACC during resting state (Franklin et al., 2016). Less conclusive are the findings about changes in the PCC, parts of the prefrontal cortex and the amygdala (Franklin et al., 2016). They are still too heterogeneous to assume a model for the effects of CBT (Franklin et al., 2016). Despite the overwhelming amount of research that shows the healing effects of CBT on depression and its first attempts for neurobiological explanation, there are still patients who do not respond to CBT. Leichsenring and Steinert (2017) challenge the superiority of CBT compared to other psychotherapies and conclude that CBT should not be considered gold standard due to limited study quality, weak empirical tests and limited efficacy (response rate of about 50%; Leichsenring and Steinert, 2017). The reasons why a considerable amount of patients does not respond to CBT and their possible correlates on a neurophysiological level are yet to be found. To meet the needs of as many patients as possible and to make individualized treatment possible, it is necessary to further investigate CBT and possible alternatives, such as HT.

Alladin and colleagues developed an approach adding hypnotherapeutic elements to depression specific CBT (Alladin, 2006; Alladin and Alibhai, 2007) and found that this hypnotherapeutic addition to CBT was more efficacious than CBT alone (Alladin and Alibhai, 2007). Fuhr et al. (2021) were the first to compare HT only to CBT in depressed patients. In their study, HT included formal hypnotic inductions and self-hypnosis, as well as elements of Ericksonian HT reaching beyond formal hypnosis, namely the work with stories and metaphors, the construction of inner mental images and future visions, the activation of inner resources and biographical work (Wilhelm-Goessling et al., 2020). The authors show that depressed patients benefited equally from both therapies. HT was not inferior to CBT in terms of the extent of symptom reduction (Fuhr et al., 2021). Still, the neurophysiological correlates and mechanisms of these effects have yet to be investigated.

To conclude on the objective of this work, we built on the fact, that hypnosis/hypnotic trance has been implemented in treatments for thousands of years. On a neurophysiological level, hypnosis/hypnotic trance has been associated with the DMN, but applied in a therapeutical setting, HT has rarely been investigated. The effect of HT on the DMN has not been subject to investigation, as far as we know. Depression on the other hand, a highly prevalent disorder, has been researched repeatedly. Neurophysiologically, acutely depressed subjects show aberrant functioning of the DMN and this has been linked to cognitive processes during depression, like rumination. CBT has proven itself as an effective psychological treatment of depression and studies on its neural effects suggest alterations through therapy in regions that are also part of the DMN. In contrast, HT has never been investigated in its neural effects on depressed patients. In this study, we aimed to shed some light on the mostly unknown field of neural effects of CBT and HT for depression, specifically regarding the DMN. To this end, we conducted a neuroimaging study on 75 depressed patients undergoing either CBT or HT. Our imaging device of choice was functional near-infrared spectroscopy (fNIRS). This is a non-invasive method for optically-based functional imaging, offering many advantages. It is easy and quick to apply in a noise-free setting, is tolerant toward movement (Fallgatter et al., 2004; Ernst et al., 2012) and has no specific exclusion criteria. These advantages are of special importance when working with a clinical sample, because the study participants were more prone to stressful stimuli due to their mental condition. On the other hand, fNIRS bears disadvantages, like the fact, that near-infrared light does not penetrate the brain tissue further than 1–2 cm (Patil et al., 2011). Therefore, we focused on measuring the cortical parts of the DMN, as they have been in measured in other studies (Bulgarelli et al., 2020; Duan et al., 2020). Preliminary analyses on a sub-sample of the here presented participants revealed a cortical sub-system of the DMN, including temporal and parietal-occipital regions (Rosenbaum et al., 2017). In our study, we assumed a reduction of self-reported symptoms, independent from the therapy group mirroring a therapy effect. We hypothesized this therapeutic effect to be reflected by a change in DMN associated FC over time. We did not specify a direction for the change of FC within the DMN, due to the lack of previous research on the neural effects of HT or CBT on the DMN. Further, we were interested in the therapy-specific effects on the DMN. Again, due to the lack of previous research, the therapy-specific analyses were rather exploratory and we did not specify a direction of change. Lastly, we are interested in a direct connection between possible therapy effects on symptom level and on a cerebral level by correlating the changes in symptom reduction and FC change.



2 Materials and methods


2.1 Subjects

We recruited our subject sample from the 152 depressed patients that were intended to treat (ITT11) in the WIKI-D study by Fuhr et al. (2021). All study participants suffered from an acute unipolar mild to moderate depressive episode. Inclusion criteria to the WIKI-D study required no change in antidepressant medication for the last 3 months and no psychotherapy in the last 12 months before the study. Trained staff used the German version of the Structured Clinical Interview for DSM-IV (SKID-I12; Wittchen et al., 1997) to diagnose patients. All participants of the WIKI-D study were contacted and asked to participate in our neurophysiological sub-study (Figure 1). Exclusion criteria for the neurophysiological measurements included pregnancy or nursing a child, severe neurological diseases (e.g., meningitis, epilepsy), untreated hypertension, diabetes, or other coronary diseases as well as social phobia and acute substance abuse. As a result, 75 patients (56 females, 19 males) between the age of 18 and 69 (M = 39.24, SD = 14.85) participated in both measurements, before and after therapy (Figure 1). 25 patients took at least one antidepressant substance (36% SSRIs or other including atypical antipsychotics, NaSSA, tricyclic antidepressants, hypericum, SSNRI, agomelatine, bupropion, anticonvulsive medication); 24 patients showed at least one acute comorbid disorder, 6 patients showed more than one acute comorbidity. Therapy group assignment was randomized (in CBT 39 subjects and in HT 36 subjects). The Ethics Committee at the Medical Faculty of the University of Tuebingen and University Hospital Tuebingen approved of this study (061/2015B02). All participants gave their written informed consent after reading the complete description of the study.
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FIGURE 1
 Procedure of including and measuring patients. WIKI-D study is by Fuhr et al. (2021), ITT intention to treat, CBT Cognitive Behavioral Therapy, HT Hypnotherapy.




2.2 Statement of ethics

This study was approved with a positive ethics vote by the Ethics Committee of the University Hospital of Tuebingen (061/2015B02). All patients gave their written informed consent to participate in the study after they had read a study description.



2.3 Measures and therapies

All patients completed the 9 item Patient Health Questionnaire Depression Scale (PHQ-913; Kroenke and Spitzer, 2002) to evaluate self-reported depressive symptom severity before and after therapy. The difference between pre therapy and post therapy scores were used as indicators for therapeutic change (decrease in symptoms indicate positive therapeutic effect). CBT, as well as HT, consisted of 20 sessions, and patients were treated individually. The therapy was considered completed when patients visited at least 16 of the 20 sessions, which was accomplished by 76 patients. One patient became pregnant during therapy and could therefore not be measured a second time.

CBT as well as HT were conducted by four experienced clinicians who were specifically trained for the manuals used in this study. Both manuals included The CBT manual was based on well-established manuals (Hautzinger, 2013) and included elements like psychoeducation, cognitive restructuring, behavioral activation, and the development of problem solving and interpersonal skills. The HT manual was exclusively developed for the therapy study (Fuhr et al., 2021) we based our measurements on. It aimed at activating emotions, and reinforcing personal resources. Positive visions were developed and relevant positive as well as negative biographical events were worked on. This was done with formal trance induction, as well as utilization techniques and story/metaphor telling (Wilhelm-Goessling et al., 2020).



2.4 Procedure

The NIRS measurement took place between the time of diagnostic procedure of the WIKI-D study (Fuhr et al., 2021) and the beginning of the psychotherapy, the latest within 1 week after the first therapy session. After the end of therapy, the second measurement was conducted, the earliest 1 week before the last session, the latest 4 weeks after the end of therapy.

The NIRS measurement itself lasted around 2 h, both at baseline and post treatment. After being seated 75 cm in front of a computer screen, the NIRS cap was placed on the subjects’ heads according to their measurements. Resting state was measured first. All subjects were instructed to close their eyes, sit still and not fall asleep during the resting state measurement. The measurement lasted 7 mins. Afterwards the patients were asked to report their experiences during resting state in an open self-report form and rate the time they spend on specific processes (e.g., relaxation) on visual analog scales (Rosenbaum et al., 2017). After that, a second (gait) and third (Emotional Stroop) paradigm were presented, the results of which are to be reported elsewhere. During the measurement oxygenated (O2Hb14) and deoxygenated hemoglobin (HHb15) were recorded continuously after a 10 s baseline measurement. All subjects received a small monetary compensation for their participation. Besides the resting state two additional paradigms were presented, the results of which are reported elsewhere (Haipt et al., 2022).



2.5 Near-infrared spectroscopy and regions of interest

NIRS is based on the ability of light in the near-infrared spectrum to penetrate the skull and tissue. The light’s absorption depends on the oxygenation of hemoglobin in the investigated brain tissue and, therefore, the absorption rate indicates the relative concentration of O2Hb and HHb. This leads to conclusions on activation changes in cortical areas of the brain. In our study we used an ETG-4000 Optical Topography System (Hitachi Medical Corporation, Tokyo, Japan) using a 52-channel array of 33 optodes (17 light emitters and 16 detectors). Due to this limited amount of measuring optodes, we covered the regions of the DMN closest to the skull and being identified as sub-system of the DMN by Rosenbaum et al. (2017). These regions of interests (ROIs16) included parietal and temporal brain areas with a temporal resolution of 10 Hz. The localized hub nodes of this sub-network were part of the middle somatosensory association cortex (SAC17), left supramarginal gyrus (supG18) and the right angular gyrus (angG19). We were interested in investigating these regions including the hub nodes as well as their hemispheric counterpart. Anatomic regions were assigned to channel positions using a neuronavigation system on a volunteer’s head. This resulted in five ROIs: the SAC spreading over both hemispheres (channels 4, 5, 6, 7, 15, 16, 17, 25, 26, 27, 28, 35, 36, 37), the left angG (channels 2, 3, 12, 13, 23), right angG (channels 8, 9, 18, 19, 30), left supG (channels 14, 24, 34, 45) and right supG (channels 29, 39, 40, 50) as shown in Figure 2. The inter-optode distance was 3 cm and near-infrared light of two wavelengths (695 and 830 nm) was used. The optodes were arranged in a 3×11-rectangular shape on the subjects’ heads according to the international 10/20 System. Channel 16 was placed over Pz, the anterior channels 43 (left) and 52 (right) were positioned on the temporal electrode positions T3 and T4, respectively.
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FIGURE 2
 Regions of interest (ROI). We analyzed 5 ROIs, consisting of the portrayed channels, concerning the FC within and between them.




2.6 Data analyses


2.6.1 Preprocessing

Firstly, the recorded data was preprocessed using MATLAB R2017b (MathWorks Inc., Natick, United States); brain plots were also generated with this software. This pre-processing included applying a temporal derivative distribution repair (Fishburn et al., 2019), band-pass filtering (0.1–0.01 Hz) to minimize low- and high-frequency noise, as well as the algorithm of Cui et al. (2010) for movement artifact reduction. Then all signals were visually inspected for local artifacts: Across all 75 pre measurements including 52-channels per measurement a total of 25 channels distributed over 15 subjects for the pre and 26 distributed over 13 subjects for the post measurement were interpolated, respectively. In these cases, channels were interpolated from adjacent channels. To reduce the influence of global signal changes, a global signal reduction using a spatial Gaussian kernel filter with a standard deviation of σ = 40 was applied. After preprocessing, FC-coefficients were computed with Pearson correlation after checking the variance of the channels for robustness and eliminating extreme values, then a Fishers r-to-z-transformation was conducted (Silver and Dunlap, 1987), each channel serving as seed. FC for the ROIs was computed by calculating the means of the FC coefficients belonging to this ROI.



2.6.2 Statistics

Further analyses were conducted using R Studio (R Studio Inc., Boston, USA). Non-brain graphs were also produced using this program. We used linear models to test our hypotheses regarding symptom reduction assessed with the PHQ-9 as well as changes in FC from pre to post and possible interaction with groups. Marginal sums of squares were used. To further explore main or interaction effects t-tests were used to conduct post-hoc testing; means (M) and standard deviations (SD) are reported. Due to its exploratory nature regarding the therapy-specific effects we report the effects without correction for multiple testing. Still, the chance of a type I error remains due to a relatively high number of tested models (n = 15), therefore we do also report the p-values and significance levels after a correction with a modified Bonferroni method, the Armitage-Parmer method. This method is more or less conservative in correcting depending on the correlation between the data, as described in Sankoh et al. (1997). According to our main hypotheses, PHQ-9 scores (pre and post treatment) and FC scores served as outcome variables. To explore network activity, we investigated the FC between all ROIs as well as within each ROI which sums up to 15 outcome variables. As predictors served the effect coded “time” (pretreatment = 1, posttreatment = −1) and therapy approach (“group”; CBT = 1, HT = −1). In a last step, we correlated changes in symptoms and FC by using correlation tests on the change scores (post score – pre score) of the PHQ-9 and the relevant FC. For all analyses a level of significance α = 0.05 was assumed.





3 Results

On a behavioral level we found a therapy effect over time for all patients, displaying a significant reduction in self-reported symptoms [β = 3.91, p < 0.001, M(PHQ-9 pre therapy) = 14.78, SD(PHQ-9 pre therapy) = 3.99, M(PHQ-9 post therapy) = 6.70, SD(PHQ-9 post therapy)] = 4.37. An interaction effect of time and group did not yield significance, implying that this symptom reduction over time did not differ between the therapy groups (β = −0.19, p = 0.59). Post-hoc within-group t-testing showed significantly reduced symptoms in CBT [t(38) = 11.20, p < 0.001, M(PHQ-9 pre therapy) = 14.69, SD(PHQ-9 pre therapy) = 4.05, M(PHQ-9 post therapy) = 6.70, SD(PHQ-9 post therapy) = 3.99] and HT [t(35) = 8.63, p < 0.001, M(PHQ-9 pre therapy) = 14.89, SD(PHQ-9 pre therapy) = 3.99, M(PHQ-9 post therapy) = 7.25, SD(PHQ-9 post therapy) = 4.80].

On a neurophysiological level and exploratory in nature, we found two effects when testing time and group on 15 intra- and inter-node connections within the DMN without correcting for multiple testing. Effect.

In the first case, namely the FC within the SAC, the time predictor yielded significance on an uncorrected significance level of α = 0.05, implying a change in FC within the SAC throughout therapy. FC decreased over therapy [β = 0.04; p = 0.01; M(post therapy) = 0.48, SD(post therapy) = 0.17] compared to before therapy [M(pre therapy) = 0.56, SD(pre therapy) = 0.22], as displayed in Figure 3. After Armitage-Parmar correction, this effect did not yield significance (corrected significance level α = 0.01) with p = 0.05. The mean Pearson correlation of the FC in the SAC and all other nodes was r = 0.34. A very small interaction effect of time and group yielded (uncorrected) significance (β = 0.03, p = 0.05) implying a change in FC between the right angG and left supG, differing among the therapy groups. In CBT the FC between the right angG and left supG decreased throughout therapy [M(pre therapy) = 0.32, SD(pre therapy) = 0.28], [M(post therapy) = 0.26, SD(post therapy) = 0.14], while it increased in HT [M(pre therapy) = 0.26, SD(pre therapy) = 0.19], [M(post therapy) = 0.32, SD(post therapy) = 0.15], as displayed in Figure 4. We conducted an exploratory post-hoc within-group t-tests which showed change to be only significant in the HT group (t(35) = −2.15, p = 0.04). After Armitage-Parmar correction, this effect did also not yield significance (corrected significance level α = 0.01) with p = 0.20, including a mean Pearson correlation of the FC of the right angG and left supG to all other nodes r = 0.48.
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FIGURE 3
 Effect size of main effect of time without correction. The FC within the SAC decreased over time comparing before therapy to after therapy. Channel 16 (marked with star) served as seed channel for this graph, displaying the contrast of correlations over time of all SAC channels to channel 16. This effect did not withstand correction for multiple testing.
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FIGURE 4
 Effect size of interaction effect of time and group without correction. The FC between the right angG and left supG decreased non-significantly throughout therapy in the CBT group, while it increased in the HT group significantly. The right angG channels (marked with star) served as seed region for this graph, displaying the time-contrast of correlations of supG channels to the seed region for both groups. This effect did not withstand correction for multiple testing.


All means and SDs of the analyzed ROIs overall and separately for both groups are displayed in Supplementary Table 1.

Correlation tests between the change scores of symptoms and changes scores of the FC of the significant ROIs showed no significant correlation between the decrease of FC within the SAC throughout therapy and the symptom reduction overall (r(73) = − 0.87, p = 0.39) nor between the increase of FC between the right angG and left supG throughout therapy and the symptom reduction in the HT group (r(34) = 0.36, p = 0.72).

To sum up the results: while treatment effects could be observed on the level of depressive symptoms, they were only small trends of change to be found in two components associated with the DMN: the FC within the SAC changed throughout therapy, independent from the therapy patients received, and the FC between the right angG and left supG increased for HT patients. Both effects were only found when analyzing the data exploratorily; when the effects were corrected for multiple testing they did not yield significance anymore. Further, the symptom reduction did not correlate significantly with either of these neurophysiological changes.



4 Discussion


4.1 General discussion

In this study, we wanted to bring together the very different research objectives of DMN functioning in depression, its change throughout therapy, as well as hypnosis related DMN changes. Therefore, we investigated the neural effects of CBT and HT for depressed patients regarding key parts of the DMN. Results show that both therapies were effective in patients’ symptom reduction. When taking an exploratory look at the data, a tentative change in FC throughout therapy was observed in two components associated with the DMN. As a small effect, FC within the SAC trended to decrease with time, indifferently of the therapy group, whereas an inter-hemispheric connection, namely between the right angG and left supG, hinted toward in increase only in the HT group. Both effects did not yield significance anymore after correcting for multiple testing. A correlation between these FC changes and the symptom reduction could not be found. Considering the fact, that this study is the first of its kind (to our knowledge), we will offer first thoughts about the interpretation of possible effects.

In this study, the ROI representing the SAC included a considerable amount of channels and spread over both hemispheres, accounting for the rather small spatial resolution of fNIRS (McCormick et al., 1992; Wabnitz et al., 2010). We assume that the parietal midline channels of this ROI include cortical parts of the PCu, which from the beginning of DMN research has been shown to be an important part of this network (Raichle et al., 2001). Most recent research shows that especially midline cortical areas seem to play an important role in depression-specific DMN abnormalities (Scalabrini et al., 2020). More specifically, the authors show that the depression-specific increase of DMN FC in these midline regions can be attributed to the abnormally high connection of the DMN to other brain networks and not to an increased intra-network connection: The abnormally active DMN midline regions were strongly connected to brain regions outside the DMN. The authors conclude that this could account for the many cognitive, sensory and affective functions, which are not associated with the DMN and still impaired in depression (Scalabrini et al., 2020). Our results tentatively show a decrease of FC within the SAC over time. This might hint toward a normalization of this DMN midline component in depressed patients throughout therapy and would be in line with previous research (Anand et al., 2005; Greicius et al., 2007; Grimm et al., 2009; Sheline et al., 2009). However, we did not investigate the connection of the SAC to other core networks and further research is needed here. Further, the effect did not withstand correction for multiple testing. In future research the FC within the SAC should be investigated more thoroughly and based on specific hypotheses. Might, if the effects remain visible in further research, it might reflect an overall treatment effect not specified by certain therapy programs.

Another trend hinting toward a therapy-specific effect could be observed in an interhemispheric DMN connection. The interaction effect in the linear model did not withstand correction of multiple testing, while the post-hoc test still hints toward an increase of FC over time in the HT group. As suggested above, more research and hypotheses-based analyses are needed to validate or reject this trending effect. If it were found to be robust, the question would arise, why this increase in FC in this interhemispheric DMN connection only occurs in the HT group. Possibly, it is due to the connection between the DMN and hypnosis itself. As two authors (Halsband and Wolf, 2021) have summarized, hypnosis has been mostly associated with a decrease of DMN FC. However, the studies conducted on the DMN and hypnosis differ greatly from the study presented here. We used a clinical sample, did not control for suggestibility and the patients applied hypnosis repeatedly over approximately 4 months of HT. The previous studies in hypnosis and the DMN were conducted with healthy participants, mostly high suggestible. Furthermore, we did not induce hypnosis during or right before our DMN measurement, while this was the case in previous studies on hypnosis and the DMN (Halsband and Wolf, 2021). Thus, while in general hypnosis is associated with a decrease of FC in the DMN, a long-term effect of hypnosis applied in a clinical context could result in an increased DMN FC outside of a hypnotic state. This connection between hypnosis in a clinical context applied repeatedly and changes of the DMN have never been investigated before and much more research is needed to understand it more thoroughly.

As a group of authors (Scalabrini et al., 2020) stress the role of the DMN midline regions in depression-specific over-activation, the role of rather lateral DMN regions and their connections remains unclear. At the same time, hypnosis was shown to be connected to parts of the DMN. However, which part of the DMN plays which role during hypnosis is still unknown. Consistently, involvement of prefrontal parts and the PCC during hypnotic trance has been reported (Rainville et al., 2002; Egner et al., 2005; Cojan et al., 2009; McGeown et al., 2009; Pyka et al., 2011; Deeley et al., 2012); lateral parts of the DMN were associated with hypnotic trance in one case (Pyka et al., 2011). Functionally, the DMN has been linked to a self-referential, introspective state, which may have very plausibly been fostered through the HT interventions. In HT, a major technique involved inducing pleasant emotions linked to personal experiences to make the patients feel strong, competent, and hopeful (Wilhelm-Goessling et al., 2020). If there a HT-specific effect on the DMN was found to be robust, it could be a first indication of a HT-specific impact on this network, which has been linked to self-referential processing. Further, the results of a second paradigm used in this study showed changed activity in the superior temporal sulcus in the HT group. This effect was moderated by rumination (Haipt et al., 2022). From these results we suggest an indirect involvement of the DMN, reflected by rumination on a symptom level, and temporal activity which is associated with emotional processing, that only occurred in the HT group (Haipt et al., 2022). Lastly.

Further, it is crucial to point out, that hypnosis cannot only be understood as a distinct and separate state of consciousness, as defined by some authors (Spiegel and Moore, 1997). Rather, there are many factors that relate to hypnosis and a person’s response to it (Jensen et al., 2015; Geagea et al., 2024) as well as different mechanisms that a person’s response to hypnosis is based on Zahedi et al. (2024). It is very likely that these different mechanisms and factors moderate or mediate the neurophysiological effect of hypnosis and this might also explain (some of) the heterogeneity of results concerning the effect of hypnosis on the DMN (regarding the direction of FC change within the DMN as well as which part of the DMN is involved). This could also possibly explain, why we only found a trend for an effect in the HT group. As our results show on symptom level, the patients in the HT group did respond to this therapy and their symptoms reduced. However, the way they responded to the therapy, the formal trances as well as the informal suggestions, metaphors etc., might have differed greatly. Biological, cognitive, and social factors (Jensen et al., 2015) as well as the underlying mechanisms (Zahedi et al., 2024) might have affected the patient’s response to the therapy and thus the amount and the direction of change of related DMN activity. Klicken oder tippen Sie hier, um Text einzugeben. Therefore, in future analyses the effects of hypnosis on the DMN should be looked at more individually, accounting for the different factors and mechanisms influencing a person’s response to hypnosis. With our study, we could only open a door to research that aims at understanding the specific effects of HT on the DMN. Much more research is needed, to gain first answers.

Why the therapeutic effect of CBT, which was clearly visible on a symptom level, was not reflected in DMN-related FC should be investigated in the future. Possibly, CBT specific effects can be found more easily in cerebral networks that are associated with high-level cognitive functioning like the Central Executive Network (CEN21; Menon, 2011). This network could not be investigated in the setup we chose for this study.

The lack of correlations between symptom reduction and DMN associated changes might hint toward a multi-faceted connection between DMN activity on a cerebral level and symptoms on a behavioral level. As the authors of one study suggest (Scalabrini et al., 2020), many symptoms in depression are associated with processes of non-DMN networks like movement, memory, reward, perception, and they might be connected to the DMN on a neurophysiological level through over-connections with the DMN. IN our study we did not measure the connection between the DMN and other core networks. It is plausible that symptoms and abnormal DMN activity in depression are both components of a very complex psychopathology but do not relate directly or linearly. Moderating or mediating factors such as subtypes of depression, amount of rumination, extent of somatic syndrome in depression, symptom severity or medication seem likely to be part of the equation. In a review, the authors report that in different studies up to five depression subtypes, which differed on a symptom as well as brain network FC level, were identified (Chahal et al., 2020). Also, non-linear relations could draw another connection between symptoms and DMN activity. In future research, variations in symptoms should be controlled for. Also, NIRS measurements should be conducted more often (e.g., weekly) to find possible non-linear relations.

Further, it remains unclear if psychotherapy and DMN changes relate directly or if they are also moderated or mediated by other factors. Psychotherapy, in the case of this study CBT and HT, includes many different techniques, aspects, a unique relationship between therapist and client and it is temporally spread—in our case over half a year—with weekly sessions, which leaves much time to process, learn and apply aspects of therapy. So far, few studies have been conducted on the effects of therapy on the DMN; in one, using functional magnetic resonance imaging (fMRI22), the authors investigated the effect of behavioral activation on the change of the DMN and found a reduction of FC in an anterior subnetwork of the DMN after the intervention (Yokoyama et al., 2017). In another study from the same year, the authors also found a reduction of frontal DMN FC, namely between the mPFC and ACC after CBT and correlating positively with symptom reduction (Yoshimura et al., 2017). Until now it is unclear, which role temporal and parietal parts of the DMN play in therapy related DMN changes and calls for further investigation. Furthermore, time itself plays a crucial role in the progression of depression and its effects on the DMN are yet to be investigated. A clearer picture of the role of the DMN during a temporally spread therapy could be obtained by an increased frequency of measurements, e.g., weekly measurements.



4.2 Limitations and future research

A clear limitation to fNIRS is the restricted penetration depth of 3–5 mm into the adult cortex (Gervain et al., 2011) and thus the inability to measure subcortical processes. Especially concerning the DMN, subcortical regions are of interest (Raichle et al., 2001), like the PCC and ACC. Therefore, data from alternative imaging methods, such as fMRI, should be analyzed to underpin our findings. Further, our data on a symptom level consisted of self-reports and not an objective measure on a behavioral level or clinician administered scales. In future research a measure mirroring DMN processes, like rumination scales, should be included in the analysis. Additionally, the self-report questionnaire PHQ-9 consisted of only 9 questions, which is too short and imprecise to draw a more differentiated picture of depression symptoms and possible connections to the DMN. Another factor to consider in future research is the influence of medication. As the authors find in their very large study, the medication treatment of depressed patients was associated with decreased DMN FC, while illness duration did not play a significant role (Yan et al., 2019). Also, symptom severity was associated with reduced DMN FC only in recurrent depression (Yan et al., 2019). These factors were not included in our analyses. We suggest including the factor “medication” and the number of earlier episodes in future research on depression-specific DMN FC. Another limitation is that we derived our hypotheses concerning HT from research on hypnosis and studies, that compared hypnosis to no-hypnosis conditions. However, we looked at the long-term effects of hypnosis used in therapy and did not explicitly measure the patients during hypnosis. Further, in the previous hypnosis studies on the DMN, neither personal, nor emotional content was included, nor was hypnosis applied repeatedly over a longer period of time, nor with patients, but healthy controls. Instead they included, e.g., relaxation (Deeley et al., 2012) or hand paralysis (Cojan et al., 2009; Pyka et al., 2011). Thus, the hypnotic suggestions used in previous studies and used in our studies are probably very difficult to compare. So, in future studies hypnotic trances similar to the ones used in a therapeutic context containing personal, emotionally relevant content, should be investigated regarding their connection to the DMN. Also, the effect of hypnotic trances applied repeatedly over a larger period of time, should be researched.




5 Conclusion

In this original study we investigated 75 depressed patients receiving either CBT or HT regarding FC associated with the DMN. All patients reported significantly fewer symptoms after therapy. Exploratory findings hint toward treatment effects in two components of the DMN, one independent from the therapy group, one in the HT group. These effects did not withstand correction for multiple testing and thus can hardly be interpreted. Still, even though both therapy approaches helped the patients (i.e., reduced depressive symptoms), they might have done so based on different neural mechanisms. This study serves as first insight into possible different neural mechanisms of HT and CBT and should serve as stepstone for further research.
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Introduction: The HGSHS:A is one of the most commonly used measures of hypnotic suggestibility. However, this test suffers from low feasibility due to a time requirement exceeding 1 h, and from a questionable representation of the normal population. Recently, a short version of HGSHS-5:G was developed and published, and now the first results are available. The scope of this investigation was to verify the assumption of equally positioned and normally distributed scores, resulting in equally sized suggestibility groups in a number of different studies with full or short versions of HGSHS, and to compare the results of the 11-item score with the 5-item score, the latter being calculated from either the full version or the short version test.

Methods: Data from 21 studies with testing for HGSHS were analyzed, 15 using the HGSHS:A full version and six using the HGSHS-5:G short version, for a total of 2,529 data sets. Position and distribution of both the 11-item score and the 5-item score were tested. Linear regression analysis was used to compare the two scores, as well as cross-table and weighted Cohen’s kappa to determine the match of grouping into low and high suggestibility. To evaluate contributing factors to the observed differences in the study results, a multifactorial analysis of variance was performed.

Results: In the different studies, position and distribution of scores, as well as group sizes for low and high suggestibles, varied. All score distributions were found to be non-normal and shifted to the right from the middle score; the shift was more extensive with the 11-item score. The correlation between both scores calculated from full version tests was moderate (R2 = 0.69), as was the match of suggestibility grouping (κ = 0.58). Studies using the short version involving less student-dominated populations showed sufficient agreement with the full version, but lower scores were caused by an increase in the zero score.

Conclusion: A normal population is not represented in most applications of HGSHS, and grouping into low and high suggestibles varies, mainly due to different positions of score distributions. A direct comparison of full and short versions of HGSHS tested in the same subjects is still missing.

Keywords
 hypnotic susceptibility; hypnotic suggestibility; hypnotizability; HGSHS; score distribution; suggestibility groups; normal distribution


1 Introduction

Hypnotizability is the inherent, intra-individual ability of a person to engage in the experience of hypnotic phenomena or to demonstrate them after a hypnosis induction. It also presents as “hypnotic susceptibility” or “hypnotic suggestibility,” and is a widely discussed topic in hypnosis literature (Christensen, 2005; Acunzo and Terhune, 2021; Peter, 2024a,b, this issue). Multiple scales have been designed to gauge levels of hypnotizability for clinical and experimental purposes. They have mainly been developed more than 50 years ago, and it can be discussed, if they suit our current knowledge or if even a next generation of hypnosis scales is needed (Acunzo and Terhune, 2021). Issues of validity and reliability of these hypnotizability scales as measurement instruments and their implementation methods (e.g., group vs. individual, live vs. tape, suggestibility or hypnosis) have been frequently discussed (Woody et al., 2005; Jensen et al., 2017). However, the representativity of these scales has rarely been evaluated. In the beginning, it has been assumed and published that hypnotizability is a trait that is normally distributed in humans: “systematic work has shown that the ability to enter hypnosis is normally distributed in the normal population” (Frankel and Orne, 1976). The bell shape of the normal distribution is indeed found in most normalization samples of the Harvard Group Scale of Hypnotic Susceptibility of Shor and Orne (1962) (e.g., Coe, 1964; Sheehan and McConkey, 1979; Bongartz, 1985; Piesbergen and Peter, 2006). In addition, the impression of a normal distribution results in the assumption of equal-sized groups of low and high suggestibles (LS and HS) on the two sides of the bell curve. In general, those tests are mainly used to group participants into LS and HS for a planned study. The location and the exact distribution of the scores are mostly neglected. However, these characteristics are of utmost relevance for the classification and for the frequent selection of exclusively the highly suggestibles for therapy or research.

Another problem in determining hypnotizability is representativeness. The concept of normal distribution insinuates that the reference population is the “normal population.” Therefore, the selected samples for hypnotizability tests should represent the normal (i.e., the general) population for the results of hypnotizability tests to reference this general population. However, this is often not the case (Peter and Roberts, 2022). Most experimental studies on hypnotic suggestibility have been performed with volunteers. Mainly, they consisted of students, predominantly students of psychology, receiving credits for that. Moreover, in psychology classes today, there is a predominance of female students. With this very restricted test population, a sample-selection bias has to be considered, far from representing the general population (Peter and Roberts, 2022). Nevertheless, a normal distribution of suggestibility scores is commonly observed. But there are exceptions, for instance, data from dentists using hypnosis showed a right-skewed distribution (Wolf et al., 2022).

It has often been noted that the existing hypnotizability tests are not well suited to this task, especially not the Harvard Group Scale of Hypnotic Susceptibility (Shor and Orne, 1962), which is the most common test for hypnotizability (see the recent French standardization study of Brunel et al., 2024). One reason for this article is to revisit these and the above-mentioned problems of the conventional HGSHS and to support this with new facts. The second reason is to present for the first time results obtained with the recently introduced short version of the HGSHS-5:G (Riegel et al., 2021) and to compare them with results from the original long version of the HGSHS:A.

One of the most common tests for hypnotic suggestibility is the Harvard Group Scale of Hypnotic Susceptibility (Shor and Orne, 1962). In its original form, the HGSHS:A consists of a hypnosis induction followed by 12 tasks, namely (1) head falling, (2) eye closure, (3) hand lowering, (4) arm immobility, (5) finger lock, (6) arm rigidity, (7) hands attraction, (8) head shaking inhibition, (9) experience of a fly, (10) eye catalepsy, (11) posthypnotic suggestion, and (12) amnesia. The test takes about 1 h, which is hardly practical for hypnotherapeutic practice or clinical studies, especially for those with patients during a hospital stay. Therefore, recently, a short version has been developed after a thorough analysis of the contribution of the various items (Riegel et al., 2021). Meanwhile, this HGSHS-5:G has been used in a couple of studies in different populations (Zech et al., 2019, 2020, 2022, 2023). Although a direct comparison of the two versions in one and the same test population is still missing, first conclusions can be drawn. For instance, in several studies, no normal distribution of the scores was observed in contrast to the original description.

The article does not undertake to develop, propose, or justify a short version of HGSHS, but presents here the first results of HGSHS-5:G tests available so far and compares them with a separate set of results obtained with the HGSHS full version. The main focus is on location and distribution of the scores. Moreover, we calculated five-point scores from tests with the full version for comparison with scores where only those five items were tested. The aim of this evaluation was to verify the hypothesis that HGSHS testing with either the full or the short version would result in consistently positioned and normally distributed scores as well as equally and consistently sized suggestibility groups. Moreover, our focus was on the reliability of the 5-item score to predict the results of the 11-item score, as well as matching its classification into groups of low and high suggestibility. Observation of any differences in the results of studies or score systems calls for evaluation of contributing factors such as age, gender, and other personal characteristics, as well as test condition parameters. Differences in results and in the impact of various factors might be expected from any shortening of a test, but unexpected changes could also be observed that need consideration when these tests are applied. Nevertheless, this is not a review, and we cannot undertake to assess and discuss in detail all aspects of hypnotizability testing. Instead, the article aims to give additional information on practical aspects of the application of HGSHS in its full or shortened version.



2 Materials and methods


2.1 Data acquisition and participants

Data from 15 studies using the full version HGSHS:A and six studies using the shortened version HGSHS-5:G were included in the analysis. Study topics and characteristics are shown in Table 1.



TABLE 1 Studies included in the analysis.
[image: Table1]



2.2 Suggestibility tests used in the analyzed studies

The HGSHS:A (Shor and Orne, 1962) is the most used and researched hypnosis scale in the world. It is an adaptation of a group administration with self-report scoring of the original, individually administered, and objectively scored Stanford Hypnotic Susceptibility Scale (SHSS:A) (Weitzenhoffer and Hilgard, 1959). It was used in the German version introduced by Bongartz (1985) with a tape recording of the same author. The 12th item, a highly variable posthypnotic amnesia item, was inconsistently reported in most studies. Therefore, for consistent application, only the results from the first 11 tasks were used in the calculation of scores (Peter et al., 2015).

The HGSHS-5:G is a shortened version of the HGSHS:A, consisting of the motor challenge items 4 (arm immobility), 5 (finger lock), 6 (arm rigidity), 8 (head shaking inhibition), and 10 (eye catalepsy) (Riegel et al., 2021). Available audio tapes were used, one edited from the full version recording of W. Bongartz, and another one recorded by one of the authors (EH).



2.3 Suggestibility scores and groups

In the HGSHS full version (HGSHS:A), scores were calculated from performance in 11 tasks (11-item score = 11-IS/HGSHS:A), as well as from the five items used in the short version (5-item score = 5-IS/HGSHS:A). In the HGSHS-5:G short version, scores were calculated from fulfillment of the five included items (5-IS/HGSHS-5:G). The scores in the various studies were tested for normal distribution both analytically (Kolmogorov–Smirnov test) and graphically (histograms). However, the analytical tests are known to be highly dependent on sample size and on the number of possible values (six in case of 5-item score). To consider further influencing factors for grouping and group size of LS and HS, additional measures for characterization of score distributions were introduced. The position of the score distribution was described by the mean score and then by the percentage deviation from the middle, which is 5.5 for the 11-IS, and 2.5 for the 5-IS, respectively. For two-peaked distributions in studies with the shortened version, the portion of subjects with a score result of zero was calculated in addition (% zero score). When using the 11-IS, subjects were assigned to groups of low suggestibility (LS) according to scores 0–3, median suggestibility (MS) for scores 4–7, and high suggestibility (HS) for scores 8–11, respectively. Analogously, using the 5-IS, subjects were assigned to groups LS (scores 0–1), MS (scores 2–3), and HS (scores 4–5), respectively.



2.4 Parameters extracted from the studies

Participant-specific parameters in the included studies were recorded and analyzed for their impact on score and group results: age (mean age and age groups), sex (male or female), and occupation (scholar, student of psychology, student of other faculties, employee, pensioner). Because of a reported non-linear relationship with a maximum age effect at 36–55 years (Riegel et al., 2021), three age groups were formed: (“young” = 15–30 y, “middle-aged” = 31–50 y, and “old” = 51–85 y) for evaluation of the impact of age on suggestibility group allocation, and 8 age groups for multifactorial analysis of score position. Study-specific parameters registered were: type of suggestibility test (HGSHS:A, HGSHS-5:G), and study type (hypnosis study, other study, hypnosis training).



2.5 Statistical analyses

The presented data were derived from 21 studies with various study designs and purposes (see Sections 2.1 and 3.1) and were combined into a large study population for the first time. For better clarity and visualization of metric data like score or age, histograms were generated and analyzed. In order to describe and compare the position of the score distribution, the mean and the percentage deviation from the theoretical middle of the 11-IS and 5-IS were calculated. Relationships between 11-IS and 5-IS calculated from full version tests, as well as between the therefrom derived suggestibility groups, are presented in cross-tables. Linear regression analysis was performed, and the weighted Cohen’s kappa coefficient was calculated to determine the match of classification into the categories LS and HS. In addition, linear regression analysis was performed to assess the relationship between the full and shortened versions of the HGSHS test.

To evaluate contributing factors for the position of the score distribution (mean score), a multifactorial analysis of variance each for the two scores (11-IS and 5-IS) of the HGSHS full version as well as for the short version as a dependent variable, including sex, age group (in steps by 10 years each), occupation, and study type as independent variables were applied. Post-hoc multiple testing for least significant differences (LSD) was used. Thereby, interactions of factors are considered, resulting in adjusted means. Additionally, we tested for multicollinearity, as predictors might correlate. For simplicity and to provide a straightforward interpretation of the effects, no random intercepts for the different studies were considered in our models. The potential impact of contributing factors for the categorical grouping into suggestibility groups, especially the practically relevant proportion of “high suggestibles,” was analyzed by the group sizes (%LS, %HS). A p < 0.05 was considered statistically significant for all tests. All analyses were performed with IBM SPSS Statistics, Version 27.




3 Results


3.1 Differences in biographic data

The included studies differed markedly in study objectives and populations (Table 1). Studies #1–15, using the full version of HGSHS:A, were predominantly performed with students in the age distribution shown in Figure 1, whereby 74.0% of participants were of young age (≤30 years). In studies with the shortened version HGSH-5:G, the mean age was higher (Table 2), and the age distribution was bicuspid, with only 24.2% of participants being of young age. In studies #1–15 with HGSHS:A, a higher proportion of women participated (73.1%) than in studies with HGSHS-5:G (54.0%) (Table 2). In latter studies #16–21, participants were volunteers or patients, presenting a mixture of young and elderly persons, students, working people, and retirees. Moreover, studies #16–19 included studies without reference to hypnosis, while study #20 was conducted with participants of a hypnosis meeting and therefore with explicit reference to hypnosis.
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FIGURE 1
 Age distribution in studies with full and shortened versions of HGSHS.




TABLE 2 Biographic data and score results of all included studies.
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3.2 11- and 5-item scores in studies using HGSHS:A

Both scores extracted from HGSHS:A studies were not normally distributed according to the Kolmogorov–Smirnov test, neither in the individual studies nor in their sum. The histograms also showed the deviation from a normal distribution, with the exception of the sum of all 11-IS. Examples are given in Figure 2, where the deviation from the black-lined bell curve is visible. In addition, all score distributions were not centered around the middle (of the score system) but shifted to higher values (Figure 2 and Table 2). Position and distribution of the scales differed between the studies. The deviation of the mean from the middle to higher values ranged from 5 to 32%, averaging 13.4%. Results for the calculated 5-IS/HGSHS:A showed a flatter distribution with a smaller right shift, on average by 6.4% (range: −6 to +28%, see Table 2). A shift toward higher 11-IS values, as in study #3 or #14, is similarly reflected in the 5-IS distribution. The mean score over all studies is 2.66 with a relative standard deviation of 62%, which is higher than 35% in the 11-item score. The average difference in scale distribution between 11-IS and 5-IS was 7 percentage points.

[image: Figure 2]

FIGURE 2
 Examples and sum of score distributions from HGSHS: A tests. Studies with N > 200 were selected as examples. 11-item scores in gray, and 5-item scores in blue. The dashed line marks the middle of the score system, and the black line represents an assumed normal distribution.


Evaluation of the relationship between 11- and 5-item scores from HGSHS:A tests revealed that a zero score in 5-IS corresponds to scores of 11-IS in a range of 0–6 with a maximum at 3, and the highest 5-IS score of 5 corresponds to scores in a range of 5–11 with a maximum at 9. The linear regression analysis is presented in Figure 3 and resulted in a coefficient of determination R2 of 0.689 for the prediction of 11-ISs from 5-IS values.

[image: Figure 3]

FIGURE 3
 Linear regression analysis of 11-IS and 5-IS from HGSHS:A tests. 11-IS/HGSHS:A = 11-item score derived from HGSHS full test version, 5-IS/HGSHS:A = 5-item score calculated from full version tests.




3.3 Match of classification into low and high suggestibles

In the studies using the HGSHS:A grouping according to the 11-IS is asymmetrical, with 12.2% LS and 31.0% in HS (Table 3). Moreover, classification into the groups of low (LS) and high (HS) suggestibility varied between 0.7 and 18.0%, or 16.9 and 47.8%, respectively, in these studies (Table 2). In addition, grouping according to the calculated 5-IS is not symmetrical, with 27.7% LS and 35.6% HS in a range from 14.1 to 42.3%, or 26.8 to 50.0%, respectively. From the cross-table of suggestibility grouping, a weighted Cohen’s kappa of 0.578 is derived for the match of the two scoring systems. The table shows that 84% of test subjects rated HS according to the 11-IS are also high suggestibles in 5-IS, and 73% of those high in 5-IS are also highs according to 11-IS. Of the participants rated LS in 11-IS, 88% fell into the same suggestibility group in the 5-IS analysis, but only 39% of the LS in the 5-IS group were rated LS by the 11-IS analysis.



TABLE 3 Cross-table of suggestibility groups according to 11 or 5 items.
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3.4 Scores and suggestibility groups in studies using HGSHS-5:G

The 5-ISs in studies #16–21 with the HGSHS-5:G were positioned considerably further to the left, i.e., shifted to lower suggestibility scores (Table 2 and Figure 4), by −18.6% from the middle (2.5). While the only study of participants from a hypnosis meeting (study #20) showed a marked right shift (a mean of 30% from the middle), the four studies of volunteers or patients (studies #16–19), laypersons regarding hypnosis, revealed a strong left shift (a mean of −31.6% from the middle). Of the latter, three presented two-peaked distributions as well as the sum of the HGSH-5:G studies. The portion of participants with a score of zero adds up to more than 30%, in strong contrast to 5-ISs calculated from HGSH:A studies that contained only 13% with a zero score. Accordingly, a lower proportion of study participants were rated HS, on average 24.5%, and the sizes of the suggestibility groups were disproportionate, with 41.5% LS (Table 2).

[image: Figure 4]

FIGURE 4
 Score distributions from HGSHS-5:G tests: examples and sum of all six studies.




3.5 Influencing factors for mean score and suggestibility classification

Personal and study characteristics documented in the included studies and therefore available for an evaluation of their potential influencing factors were age, gender, occupation, and study type (e.g., “hypnosis study,” HGSHS:A or HGSHS-5:G, relation of participants to hypnosis). We tested these factors for multicollinearity and found variance inflation factors (VIF) between 1.03 and 1.92 for the predictors (age group, gender, study type, and occupation). Therefore, every factor was included in further analyses.

For the analysis of the key target variable “mean score,” we used a multifactorial analysis of variance. In addition, for the practically relevant target “suggestibility group,” other considerations are necessary.

Age: Statistical significance of age effects was found in multifactorial analyses only for the 11-IS (p = 0.02), not for the HGSHS-5:G (p = 0.09) or the 5-IS/HGSHS:A (p = 0.78), respectively. For adjusted means and p according to post-hoc analyses, see Table 4. For the 11-IS, significant differences were found, especially for young and especially old participants; however, the latter group only had an n of 3. The sizes of suggestibility groups differed between the three age groups, both according to 11-IS or 5-IS (Table 5). The unequal size of LS and HS was more pronounced with the 11-IS.



TABLE 4 Multifactorial analysis of influencing factors on score position with post-hoc multiple LDS testing; the brackets describe significant differences (according to post-hoc analyses for contributing factors).
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TABLE 5 Variables of suggestibility group allocation.
[image: Table5]

Gender: Females and males differed significantly in position and distribution of both 11-IS and 5-IS from full version tests in the multifactorial analysis of variance (for adjusted means and p, see Table 4). The influence of gender was not significant using the short version, even if the difference seemed more pronounced. While HS group size differed only slightly between females and males, the ratio of HS to LS was higher in females than in males (Table 5). This imbalance was more pronounced with the 11-IS than with the 5-IS.

Occupation: In the multivariate analysis of variance correcting for effects of the other factors, statistically significant differences were observed between scholars, students, employees, and pensioners, both with 11Is and 5-IS of full version tests (Table 4), not for the short version. Differences of highest significance were found between students of psychology and other faculty members, as well as employees. With the short version HGSHS-5:G, scores were found to be statistically different between pensioners and employees. While the portion of test subjects categorized as HS was highest in employees according to 11-IS or 5-IS, respectively, for LS it was highest in students of psychology (Table 5). Highest weighted kappa representing conformity of 11-IS and 5-IS for suggestibility group classification results were identified for employees (κ = 0.62).

Study type: For different references of participants to hypnosis, given by declaration as “study of hypnosis” or not, or history of training in hypnosis, the multifactorial analysis showed no effect on achieved scores (Table 4) or suggestibility grouping. Merely, the subgroup of participants with a kind of training in hypnosis showed significant effects for the 11-IS and 5-IS in the post-hoc analyses, respectively (Table 4).




4 Discussion


4.1 Characteristics of the HGSHS:A

Most published results of hypnotic suggestibility or hypnotizability testing with HGSHS:A confirm a normal distribution. Based on this normal distribution, the subjects are usually categorized into three groups of low, medium, and high suggestibles (LS, MS, and HS), and it is assumed that the LS and HS groups are distributed symmetrically on both sides of the distribution curve by about 10–25%. In contrast, in our evaluation, no normal distribution of scores was found in any of the studies in either scoring system. Moreover, the present evaluation reveals a marked variation in position and form of the 11-item scale distribution when analyzing the included 15 studies in detail (see Figure 2 and Table 2). For representation of this shift in the position distinct from any “skewness,” the “deviation from the middle” was introduced deliberately for comparison to the 5-item score discussed later and might be useful for comparison to other hypnotic suggestibility scales as well.

Doubts about HGSHS results being representative of the normal population have been raised before, especially since predominantly psychology students were tested in hypnosis research (Peter and Roberts, 2022). The difference in score results that we have observed between psychology students and students of other faculties raises interesting questions regarding whether the bias only relates to age. Moreover, our evaluation of studies that include participants with educational backgrounds in addition to significant age differences underscores the potential for variation that comes with it.

A practical disadvantage of HGSHS:A is the time requirement of more than 1 h that has led to the request for a shortening (Terhune and Cardena, 2016) and resulted in the development of a short version, the HGSHS-5:G, with a test time of only 25 min (Riegel et al., 2021).



4.2 Characteristics of the HGSHS-5:G

The present study represents the first evaluation of available data from that short version HGSHS-5:G. However, before we discuss the results of tests performed with this short version, we look at the 5-item scores that have been extracted from the full 11-score version, the HGSHS:A. The calculation of 5-IS from the evaluated studies with the full version HGSHS:A shows a flatter score distribution, as is to be expected when reducing the number of factors included in the analysis (Figure 2). Deviation from a “normal distribution” is more frequent, and the positions of the score distribution are shifted less from the middle to the right, i.e., toward higher scores. With a linear regression coefficient of R2 = 0.69 (Figure 3), the relationship between 11-IS and 5-IS calculated from the same HGSHS:A tests is only moderate.

Unexpectedly, results from tests with the short version HGSHS-5:G, as far as yet available, show quite a distinct picture. The mean score in the studies is found to be markedly shifted to lower hypnotic suggestibility (except in study #20 on participants in a hypnosis meeting). However, most of the score histograms are two-peaked rather than normally distributed, and the left shift can be explained by a disproportionate increase in test participants who scored zero points. Only the study with strongly hypnosis-interested people showed a clear right shift, and the one with sports students showed a clear left shift. This high proportion of zero-point results indicates a marked difference between 5-IS derived from full and short versions of HGSHS tests.



4.3 Hypnotizability and the HGSHS

The notion of the “normal distribution of hypnotizability” is widespread and persists even in recent publications: “Furthermore, multiple studies have shown a generally normal distribution of hypnotizability scores with most individuals scoring in a moderate range (Coe, 1964; Bongartz, 1985; Piesbergen and Peter, 2006), and a small proportion scoring in the low or very high range” (Elkins, 2024, p. 1), even if this author admits immediately afterwards: “Several past studies have suggested that hypnotizability may be a multifactorial construct. However, it is unknown as to whether hypnotizability is best accounted for as being multifactorial or as a general factor with subcomponents.” Hilgard et al. (1961) was already concerned with this topic when describing the standardization attempts of the Stanford Hypnosis Susceptibility Scale (SHSS) (Weitzenhoffer and Hilgard, 1959), where originally (Hilgard et al., 1961) a bimodal distribution had been found. The issue of bimodality eventually concerned other researchers, such as Balthazard and Woody (1989). Based on a factor analysis, Woody et al. (2005) determined four distinguishable subscales as the “building blocks of hypnotic response,” and, finally, Sadler and Woody (2021) provided a general historical overview and prospect of multicomponent theories of hypnotizability. The question of whether hypnotizability has taxonomic or dimensional properties (Balthazard and Woody, 1989; Oakman and Woody, 1996; Reshetnikov and Terhune, 2022), whether latent patterns could be found specifically in highly hypnotizable individuals (Kihlstrom, 2015; Terhune, 2015), and whether a general “G-factor” correlated with minor co-factors underlies hypnotizability (Zahedi and Sommer, 2022; Brunel et al., 2024; Zimmerman et al., 2024) have been studied. These recent results are appealing because they support the basic idea of hypnotizability as a fundamental, albeit variable, human “trait,” which has been assumed for almost 250 years (Peter, 2024a,b, this issue). However, it has been evaluated since around the middle of the last century, that large parts of the variance, are explained by other mediating and moderating co-factors, i.e., well-studied social-psychological, socio-cognitive, and contextual variables which we refer to as “state” variables. This should not be confused with the term “altered state of consciousness,” which was much discussed in the older hypnosis literature. Instead, we would describe hypnotic trance as a transient state dependent on socio-cognitive determinants. In addition to hypnotizability, the factor of suggestibility must always be considered, which also plays an important role in human communication and interaction outside of hypnosis (e.g., Braffman and Kirsch, 1999; Zahedi and Sommer, 2022). So, it is safe to say that our conventional scales are far from measuring just hypnotizability or hypnotic suggestibility as a global and uniform human trait which is normally distributed—even if this is repeatedly claimed. The widely used measures have different properties that result in the loss of valuable information, including binary scoring and single-trial sampling, and hinder their utility, such as the inclusion of suboptimal suggestion content (Acunzo and Terhune, 2021).

The present evaluation cannot dissolve the ongoing discussion on hypnotizability and its testing but can contribute some new aspects. The results question the normal distribution of HGSHS, both in its full or shortened version of testing, as well as the equal size of the derived suggestibility groups.



4.4 Influencing variables

With the high variation in score position and distribution observed, a question arises regarding the reasons for such large differences between studies, score systems, and test systems. Of course, the wide range of target groups in the included studies contributes to the diversity of results while bringing hypnotic suggestibility testing much closer to a “normal population” than experimental conditions that involve predominantly psychology students. By analyzing the different characteristics of the study populations, comprising age, gender, occupation, and attitude toward hypnosis, we were able to test for their effects on study results. Additionally, the difference in scores and test system can have an impact too.

A dependency of hypnotic suggestibility on age is well known (Page and Green, 2007), although this correlation is expectedly not linear (Riegel et al., 2021). High hypnotic suggestibility in children is followed by lower scores in young adults. After a maximum of around the age of 45, suggestibility declines again (Morgan and Hilgard, 1973). With the differentiation of eight age groups, several results of the present evaluation indicate an age effect, especially for the 11-IS. However, in the multifactorial analysis, the statistical significance is lost for the five-item versions. A reason might be the confounding simultaneous influence of multiple factors with overlap, e.g., the variable age with features like occupation distinguishing between scholars, students, employees, and pensioners. The effect of gender on the results of tests for HGSHS (Költö et al., 2014) is confirmed in this study, except for the short version HGSHS-5:G. Obviously, the variance of test results can be explained only to a limited extent by commonly monitored biographic features like age and gender, and even with additional variables like occupation (important to represent a normal population) and attitude toward hypnosis (Green and Lynn, 2011).

With regard to the latter, interest in, or knowledge of hypnosis has to be considered (Capafons et al., 2008). Hypnotherapists describe a personality profile that differs significantly from that of people who are not interested in hypnosis and reveal a characteristic trait. Hypnosis practitioners had high scores in the personality style intuitive/schizotypal, which led to the term “homo hypnoticus” (Peter and Böbel, 2020). These individuals, as well as patients successfully treated with hypnotherapy, are convinced and expect themselves to respond to hypnotic suggestions and consequently reach higher scores. Students of psychology who depend on credits from study participation are also ready and willing to perform properly and fulfill the tasks. In addition, the response of test subjects may vary depending on whether they are participating in a “hypnosis study.” Interestingly, the present evaluation shows higher scores for students of other subjects than for students of psychology when all 11 items are considered instead of only five items. Moreover, the highest scores were observed for pensioners (in 11-IS/HGSHS:A and 5-IS/HGSHS:A) or scholars (in 5-IS/HGSHS-5:G) (see Table 4). This is again in contrast to a representation of the normal population and the common tests of students. Neither the expected familiarity of psychology students with hypnosis, nor an association of the HGSHS test with a “study about hypnosis,” nor a prior experience with hypnosis turned out to be a significant determinant for higher suggestibility scores. An exception was observed in a study of participants in a hypnosis meeting (study #20), which has been repeated in the meantime, and the results are anticipated to be available soon.

Differences in the test system have to be considered as well. Often, the HGSHS test is described as 12 tasks set after a hypnosis induction. Actually, however, the first two items, namely head falling and eye closure, are initiated during the hypnosis induction and should therefore be considered to be part of it. Moreover, the execution of the following tasks may also contribute to depth of hypnosis by repeating words like “as you relax more and more.” Therefore, any shortening of the HGSHS:A by reducing the tasks may have an impact on the depth of trance. It should be noted that even the short version HGSHS-5:G was delivered in two versions: one including item #1 (head falling), although it was excluded from scoring. Especially the rise in score zero in some of the HGSHS-5:G applications could be due to a lower depth of hypnosis. Moreover, the change of the 11-item scoring to the 5-item scoring involves selection of, and limitation to the five motoric challenge items of HGSHS:A. The exclusion of the perceptual and cognitive items results in different people responding differently to the full and short versions of hypnotic suggestibility testing, thereby fulfilling the requested tasks to a different extent. So, the most significant difference between the original HGSHS:A and the shortened HGSHS-5:G version is that the original HGSHS:A still contains all four different types of items that Woody et al. (2005) extracted by factor analysis (direct motor, motor challenge, perceptual-cognitive, and posthypnotic amnesia), while the HGSHS-5:G consists only of motor challenge items. According to Zahedi and Sommer (2022), the outcome of these challenge suggestions can significantly predict the outcomes of both the direct-ideomotor and cognitive-perceptual suggestions but not vice versa, which means that this group of challenge items is of particular importance. They refer to the criterion of involuntariness, an important characteristic of hypnotic experience (alongside evidence, i.e., when the hypnotic experience is felt as real) (Peter, 2015, 2024a,b, this issue). In conclusion, our evaluation shows an unexpected high variation in position and distribution of suggestibility scores in different studies using different scoring systems. Primarily, hypnotizability has been seen as a trait compatible with a normal distribution. Our observations of a wide variation in position and distribution of suggestibility scores and the failure to explain these differences with trait factors like age, gender, or occupation that contribute to the variability draw attention to hypnotic suggestibility as a non-trait but “state” condition, in the sense that social-psychological and socio-cognitive theorists understand it. For instance, the different results of studies #12 and #13 (with a mean of 6.17 vs. 5.85 and an HS group size of 31% vs. 24%), both performed on students and with similar scope, cannot be explained by age or gender effects alone. In older studies, the trait characteristic of hypnotizability was often emphasized, for example, via its heritability (Morgan, 1973) or its stability over a period of 25 years (Piccione et al., 1989). This view was called into question, and alternatively, it was claimed and proven that state differences such as motivation, personal relationships, expectations, or demand characteristics amply researched by social-psychological and socio-cognitive hypnosis researchers (e.g., Spanos, 1991; Spanos and Coe, 1992; Kirsch, 2001; Lynn et al., 2019) play a much more important role, quite apart from the fact that situational and contextual conditions may be significant. Although some authors have shown that such factors are not very important for high suggestibles (Perry and Sheehan, 1978), we suspect that, at least for the medium suggestible ones, there are major differences between testing them in a university classroom or in a clinic before an operation, as was the case with many of our participants that have been tested under such different conditions. Doubts about the dominant trait nature of hypnotic suggestibility, i.e., susceptibility to suggestions, also stem from the low impact of susceptibility scoring on the efficacy of hypnotherapeutic interventions in psychotherapy (Green and Lynn, 2000) or medicine (Montgomery et al., 2011). This is in line with the mindset and viewpoint of Milton Erickson that hypnosis is mainly a matter of interpersonal relationship (Erickson, 1952; Erickson et al., 1976), which is also in line with initial findings from biochemical hypnosis research (e.g., Varga, 2021). Finally, with regard to our results, one must ask: Does hypnotizability as a trait in the form of an intra-individual variable exist at all and is it different from the inter-individual variable of suggestibility, as Peter (2024a,b) claims, or does hypnotizability in its essence actually consist only of social-psychological and socio-cognitive variables, as Lynn et al. (2019) reaffirmed? Would Bernheim have been right when he said: “Il n’y a pas d’hypnotisme, il n’y a que de la suggestibilité” (“There is no hypnotism, there is only suggestion”) (Bernheim, 1917, p. 47). With regard to our results, however, the very pragmatic question is relevant: Are the known scales, especially the HGSHS in long or short form, even capable of measuring these two variables, hypnotizability and suggestibility, in a reasonably differentiated way? Despite the promising results of Zahedi and Sommer (2022) and Brunel et al. (2024), we still do not see a clear answer to this question.



4.5 Suggestibility groups

The major practical purpose of tests for hypnotic suggestibility is classification into suggestibility groups, especially to select high suggestible persons (HS) for therapy or a study. The present re-evaluation of 15 studies reveals marked inequality in LS and HS group size, and high variation in the suggestibility group sizes for different studies (Table 2). Therefore, the assumed symmetry of HGSHS score distribution and the reliability of suggestibility grouping are to be questioned. The inequality of group sizes of LS and HS is not only caused by deviation from normal distribution and skewness. We recognized the position of the score distribution as a major determinant. For representation of a shift in the position, the “deviation from the middle” was introduced deliberately. Even a normal distribution of scores can lead to unequal groups of LS and HS in case of a shift. This phenomenon originates from the group definition (0–3 for LS and 8–11 for HS) that is symmetrical to the score (11) but not to the position of the score distribution. The mean deviates from the middle of the score (see Table 2). The consideration of this aspect turned out to be especially valuable for comparison with the 5-item score and might be useful for comparison to other hypnotic suggestibility scales as well.

Grouping according to 5-IS in the same studies using the HGSHS full version was also asymmetrical, however, with a more similar group size of LS and HS. The relationship between suggestibility grouping according to 11-IS or 5-IS and the predictability of one from the other is moderate (weighted kappa = 0.58). Finally, in studies using the short version HGSHS-5:G, the ratio of group size of HS and LS is turned around to a dominance of low suggestible subjects. This corresponds to the left shift of the score distribution and the increased number of test subjects with a score of zero. With the exception of the study on hypnosis meeting participants (#20), this indicates that application of the HGSHS-5:G might result in selection of a markedly reduced group of high suggestibles appropriate, for instance, to be included in a hypnosis study. It turns out that the highly variable selection into suggestibility groups is affected by factors such as age, gender, and occupation (see Table 5). However, the most prominent is the dependency on the position of the suggestibility scale. This parameter, which has been rarely analyzed or considered to be dominant, increases the number of HS with a right shift of the curve, or otherwise diminishes it, with considerable practical significance for therapy or research.



4.6 Study limitations

This represents a retrospective analysis of available data from studies using HGSHS:A or HGSHS-5:G. Of course, the appropriate study design for a comparison of the full version to the short version would include both tests to be applied to the same subjects. Furthermore, no detailed investigation of contributing variables was possible because of the limited factors reported in the included studies. Even potentially important factors like attitude toward and experience with hypnosis were not clearly defined and monitored for a reliable analysis. We did not use a random intercept for different studies because such a procedure might have compromised our statement: After all, we basically wanted to show that applying one and the same test can lead to different results under different conditions. And this is precisely what should be taken into account whenever this test is used. Nevertheless, this study comprises one of the largest samples of HGSHS:A results and represents the so far only detailed report of available HGSHS-5:G results. In spite of several limitations, initial conclusions can be drawn that may guide further application of both tests and a general discussion of the evaluation of hypnotizability.
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Variables HT (n = 18) WL (n = 18) Epigenetic sample (n =17) Total (n = 36)

M (SD) M (SD) M (SD) M (SD)
Age 40.28 (13.33) 43.78 (16.97) 36.65 (14.17) 42.03 (15.14)

No. (%) No. (%) No. (%) No. (%)
Sex, female 17 (94.44) 12 (66.67) 14 (82.35) 29 (80.56)
Antidepressant medication (AD) 3(16.67) 3(16.67) 3(17.65) 6(16.67)
SSRI 2(11.11) 3(16.67) 3(17.65) 5(13.89)
Tricyclic AD 1(5.56) 0(0.00) 0(0.00) 1(2.78)
Comorbidity 16 (88.89) 14 (77.78) 8 (47.06) 30(83.33)
Current® 11 (61.11) 8 (44.44) 5(29.41) 19 (52.78)
Panic disorder 9(50.00) 3(16.67) 3(17.65) 12(33.33)
Panic attacks 2(11.11) 3(16.67) 0(0.00) 5(13.89)
Social phobia 0(0.00) 1(5.56) 0(0.00) 1(278)
Obsessive PS 0(0.00) 1(5.56) 0(0.00) 1(2.78)
Only lifetime/previous® 7(38.89) 11 (61.11) 11 (64.71) 18 (50.00)
Panic disorder 3(16.67) 6(33.33) 5(29.41) 9(25.00)
Panic attacks 0(0.00) 1(5.56) 1(5.88) 1(2.78)
Major depression 4(2222) 1(2222) 5(29.41) §(2222)

M, mean; SD, standard deviation; No,, number; HT, hypnotherapy; WL, waitlist control groups SSRI, selective serotonin reuptake inhibitor; PS, personality disorder.
3Double entry possible meaning a patient could have a current but also a lifetime/previous comorbid disorder.
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Variables PP sample (n = 33)

HT (n = 15) (n=18) Total (n = 33)
M (SD) M (SD) M (SD)
PAS pre (t1) 13.11(9.05) 11.69 (8.22) 12.33 (8.50)
PAS post (12) 7.43 (6.16) 10.87 (6.13) 931 (6.29)
PAS follow-up (t3)* 6.87 (6.83) 7.38 (7.57)* 7.13 (7.11)°
Md (Range) Md (Range) Md (Range)
PAS percentage improvement t1-t2 33.33 (400.00) 6.90 (307.72) 18.75 (400.00)
ITT sample (n = 36, MI)
HT (n = 18) WL (n =18) Total (n = 36)
M (SD) M (SD) M (SD)
PAS pre (t1) 14.46 (9.49) 11.69 (8.22) 13.08 (8.86)
PAS post (12) 7.88(6.19) 10.87 (6.13) 938 (6.28)
PAS follow-up (t3) 6.87 (6.80) 7.52 (7.30) 7.20 (7.05)
Md (Range) Md (Range) Md (Range)
PAS percentage improvement t1-t2 33.05-36.05 (400-424.47) 6.90 (307.72) 19.38-23.89 (400-424.47)

M, mean; SD, standard deviation; Md, median; PAS, Panic and Agoraphobia Scale; HT, hypnotherapy; WL, waitlist control group; PP, per protocol; IT'T, intention to treat; MI, multiple
imputation (five datasets). PAS scores for the ITT sample were aggregated (on average).

WL with n = 16.

bWith n=
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Employment

Employed [yes)

Household

Single person household

“Two-person household

Multple person household
Health parameters

Smoking [yes)

Alcohol [yes]

Physical activity [yes]

Physical activity frequency [1-2 times per week]
Stress factors (nultiple responses possible)
Professional factors

Job/School /University

Exam preparation

High demands on oneself

Conflicts with colleagues /superiors

‘Time pressures, high density of appointments
Private factors

Private conflicts

Parenting

Disease (loved one)

Caring for a relative

Money worrics

Household

Preparation of special events/fetivities
Adversites of everday life/daily hassles

Organizing everyday activities

Public transport

Doctor visits

Waiting

Being disturbed/interrupted

Other

Ns may vary in each cell due to missing data.

Mean +SD / n (%)
7278 (11.14)

43.26 (13.57)
21(913)

17(73.9)

20(87.0)

5(17)
6(26.1)
12(522)

4(17.4)
19 (82.6)
22(95.7)

11(50.0)

16 (69.6)
6(26.1)
17(739)
5(217)

17(73.9)

6(26.1)
4(17.4)
9(39.1)
3013.0)
3(13.0)
5(21.7)

4(17.4)

4(17.4)
4074)
3013.0)

143)
6(26.1)

5(217)

Mean +SD / n (%)
7471 (9.18)
4671 (13.30)
19(79.2)

19(79.2)

21(87.5)

6(25.0)
0 (41.7)
8(33.3)

30125)
18 (75.0)
20017

12(54.5)

17(70.8)
4(16.7)
18 (75.0)
1(4.2)
5 (62.5)

12(50.0)
5(20.8)
4(16.7)
2(83)
2(83)
4(16.7)

1(4.2)

9(37.5)
30125
30125)
0(0.0)
10(41.7)
5(20.8)
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Step 1 (all patients, might be suffcient for mild forms of IBS): education,
reassurance, promotion of healthy lfe style and dietary adjustment

Step 2 (moderate IBS): pharmacological agents according to the main symptom
(pain, diarrhea, constipation). Diet. Psychological therapies

Step 3 (severe IBS): multicomponent and interdisciplinary treatment including and

psychopharmacologic agents and combined psychological treatments
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Firstline: standardised medical hypnosis by audiotapes or digital health
applications.

Second line: standardised medical hypnosis by group therapy (personal contact or

internet-delivered) or by low-frequency single therapy
“Third line: standardised medical hypnosis by single therapy with personal contact

and individualised hypnotherapy
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n and

functions due to
application of
experimental pain
reported in studies
of footnote (1)

Activa

Brainstem Regulation of 1c DC

physiological adjustment
Thalamus SS,LE Ic Ic DC
Gyrus postcentralis S1 SS, 1 1c IC (o) DC DC DC DC
Gyrus postcentralis S2 SS, I, Loc IC (o) DC
Gyrus postcentralis $3 a-+b ss,1 DC
Insular cortex SS,LE Ic Ic Ic DC DC ic DC
Frontal cortex Att ic
Prefrontal, dorsolateral, Att ic ic ic 1c
inferior frontal, ventrolateral
cortex
Orbitofrontal cortex 1 ic Ic DC 1c
Parietal cortex/operculum Ic Ic DC DC
Posterior cortex 1c DC
Occipital cortex / Precuneus Att 1c DC DC
ACC E IC DC (o] IC IC Ic IC DC Dcric IC
Pre-and midcingulate cortex 1c ic DC DC
Posterior cingulate gyrus Ic DC DC
Subcallosal cingulate gyrus ic ic
Subgenual cingulate cortex ic ic
Striatum Integration of Ic

sensorimotor, emotional

and motivational

functions
Nucleus accumbens Processing of divergent Ic

feelings of pain
Amygdala ic
Locu coeruleus 1c
Parahippocampus 1c DC 1c
Uncus DC
Cerebellum DC IC
Pre-SMA BA 6 Ic DC
Primary motor area MA DC
Basal ganglia ic

Cells of columns 3-14 containing letters got affected by painful stimulation while Ss were exposed either to hypnosis or hypnotic analgesic suggestions; in case of empty cells we found no classifyable information; Att, activation relevant for Attention; DC, Decreasing
activity, IC, Increasing activity, I, Relevant for processing of pain intensity, Loc, Relevant for stimulus localization, SS, Relevant for somatosenzation, E, Relevant for emotional processing, (1) Compilation from following publications: Bornhovd et al. (2002), Treede
(2003), Bromm (2004), Apkarian et al. (2005), Kuner (2010), Baliki and Apkarian (2015), Segerdahl et al. (2015), Bastuji et al. (2016a,b), Bliss et al. (2016), Sherman (2016), Taylor and Westlund (2017), Garcia-Larrea and Bastuji (2018), Groh et al. (2018), Tajerian
et al. (2018), Corder et al. (2019), and Del Casale et al. (2022).
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Reference Susceptibility Pain stimulation Design Hypnotic Random Tasks during Pain Statistical

test conditions suggestions/ order of condition assessment testing
subjects conditions conditions
Crawford et al. PET n=11 HGSHS<5 Ischemic pain 1. CON* A) hypnotic Yes nfa Pain and Parametric
(1993) (6 lows, HGSHS>7 2. HYP® induction distress
5 highs) B) analgesia (open-end
NRs?)
Rainville et al. PET n=>5 SHSS Immersing hand in 1. CON A) hypnotic No n/a Intensity and Parametric
(1997) (moderate to warm(35°C) or hot 2. HYP induction unpleasantness
high) water (47°C) B) -increased (NRS)
unpleasantness
-decreased
unpleasantness
Rainville et al. PET n=8 highs SHSS>8 Immersing hand in 1.CON A) standardized No, but order No Intensity and Parametric
(1999) warm (35°C) or hot 2. HYP induction of hypnotic unpleasantness
water (47°C) B) -increased unpleasantness after each
unpleasantness conditions functional
-decreased scan (NRS)
unpleasantness
Wik et al. (1999) PET n=8 highs HGSHS>9 No, chronic pain 1. CON A) hypnotic Yes Watch videotapes After each Parametric
patients with 2.HYP induction functional
myofibralgia B) analgesia scan (VAS®)
Faymonville et al. PET n=11 highs SHSS>8 Thermal stimulator, 1.CON A) hypnotic No,butorder | CON: empty mind After each Parametric
(2000) warm (39°C) and hot 2. HYP induction of CON and HYP: re-experience functional
(47°C) stimulation of the | 3. Mental imagery Mental autobiographical scan rating of
thenar of the hand Imagery memory intensity and
Mental imagery: imagine | unpleasantness
autobiographical
memory
Hofbauer et al. PET n=10 SHSS Immersing hand in 1.CON A) standardized No No After each Parametric
(2001) (SHSS ranging warm (35°C) or hot 2. HYP induction functional
from 1-10) water (46-47.5°C) B) -increased scan rating of
intensity intensity and
-decreased unpleasantness
intensity
Faymonville et al. PET n=19 highs SHSS>8 Thermal stimulator, 1. CON A) hypnotic No, but order CON: empty mind After each Parametric
(2003) warm (39°C) and hot 2. HYP induction of CON and HYP: re-experience functional
(47°C) stimulation of the | 3. Mental imagery Mental autobiographical scan rating of
thenar of the hand Imagery memory intensity
Mental imagery: imagine | (NRS)
autobiographical
memory
Schulz-Stiibner fMRI n=12 No Thermal stimulator, 1.CON A) hypnotic Yes CON: think “something Yes, not Parametric
etal. (2004) warm (39°C) and hot 2. HYP induction nice” specified
(47°C) stimulation
Vanhaudenhuyse fMRI n=13 highs HGSHS>7 Brief non-painful and 1.CON A) hypnotic Yes Stimulus rating After each Parametric
etal. (2009) painful laser heat 2.HYP induction stimulus rating
stimulation (n=200) of of intensity
the hand (NRS)
Nusbaum et al. PET n=14 chronic SHSS>3 No, chronic pain 1. CON A) hypnotic No Stimulus rating After each Parametric
(2011) low-back 2. HYP induction stimulus rating
patients of intensity
(VAS)
Casiglia etal. (2020) | fMRI n=20 highs SHSS Immersing hand in ice 1.CON A) hypnotic Yes Immerse/remove hand Intensity after Parametric
water (CPT’; maximum 2. HYP induction in/from ice water each
1205) B) analgesia functional
scan (VAS)
Desmarteaux et al. fMRI n=24 SHSS Electrical, painful stimuli | 1. HYP A) standardized Yes No Intensity and Parametric
(2021) (n=18) at the leg induction unpleasantness
B) -hypoalgesia after each
-hyperalgesia block scan
(VAS)

2control condition, *hypnosis condition, ot available, numerical rating scale, *visual analog scale, fcold pressor test.
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Sexassigned at birth, 1 (%) women
Age (in years)

Smoking intensity (cigarettes/day)
Smoking duration (in years)

Age at the start of smoking (in years)

=317)

Level of nicotine dependence (FTND,
“How important s it to you to become smoke-free at the moment?” (MQ)
“How confident are you that you can achieve this?” (MQ)

“How high would you rate the general efficacy of CBT?” (STEQ)

“How high would you rate the general efficacy of HT?” (STEQ)

Hypnotic suggestibility (HGSHSA)

otal (N =359)
215(59.9)
43.07 (12.52)
19.75 (6.86)
2654 (12.36)
16.53 (3.00)
6.02(1.71)
854 (1.57)
6.12(1.98)
6.28(1.77)
6.8 (1.91)

6.68 (247)

Total (N = 249)

n (%)

CBT (n

79)
101 (56.4)
43.28 (12.18)
20.35 (6.85)
2676 (12.17)
1653 (2.98)
613 (1.70)
845 (1.68)
593(209)
628 (1.79)
6.74(1.92)

653 (2.54)

CBT (n =140)
n (%)

HT (n=180)

114(633)
42.86 (12.88)
19.15 (6.83)
2632 (12.57)
1654 (3.04)
591(1.72)
8.62(1.45)
6.29(1.36)
628 (1.75)
7.03 (1.90)
6583 (239)

GINGES)]

n (%)

Pre

us smoking cessation attempts, 1 (%) yes
Preference for HT
Preference for CBT

No preference

318 (88.6)
175
31

43

160 (89.4)

97

24

158 (87.8)
78
2

19

Mean values and standard deviations are shown unless otherwise stated. FTND, Fagerstrém test for Nicotine dependence; MQ, motivation questionnaire, answered on a 10-point Likert scale

(1=not at all, 10=very); STEQ, the subjective treatment efficacy questionnaire (1

rery); HGSHS-A, Harvard group scale of hypnotic susceptibility - Form A. All n.s.
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Odds ratio

Continuous abstinence according to Russell standard

t 0.847
£ 1.007
“Treatment condition 0733
Seven-day point prevalence abstinence

‘ 0915
£ 1.003
“Treatment condition 0.760

£, time variable; £, squared time variable; Treatment condition (0= HT, 1=CBT); CI, confidence interval.

Std. Err

0026
0.002

0.149

0028
0.002

0.146

-153

-289
127

-143

<0001

<0001

0126

0.004

0.204

0152

95% CI

0.798-0.899
1.003-1.011

0.493-1.091

0.861-0.972
0.998-1.007

0.521-1.107
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Odds ratio

Continuous abstinence according to Russell standard

' 0856
e 1006
‘Treatment condition 0661
Suggestibility 1010
Seven-day point prevalence abstinence

' 0910
¢ 1003
‘Treatment condition 0.661
Suggestibility 1017

£, time variable; £, squared time variable; suggestibility (centered); treatment condition (0=HT, 1=CBT); CI, confidence interval.

Std. Err

0.027
0.002
0141

0.043

0.030
0.002
0135

0.041

~4.95

298

-194

023

-2.84

139

-202

043

<0.001

0.003

0053

0821

0.004

0.164

0.043

0.668

95% Cl

0.805-0.910
1002-1.010
0.435-1.005

0.928-1.098

0.853-0.971
0.999-1.008
0.443-0.987

0.941-1.100
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Predominant mental health
challenges for patients

Support tasks relevant for medical hypnosis

Initial assessment

Immediately before

and during surgery

Immediately afier

surgery

Fear

Pessimism regarding surgery outcome
Attribution of meaning (subjective llness theory)
Dysfunctional ilness beliefs

Maintenance of health-related personal control
Adjusting to new social and work roles, incl.
resettinglie goals

For PTSD patients: building a therapeutic
relationship and a fecling of safety

Acute stress reaction

Fear

Persisting anxiety post-surgery

Feelings of helplessness

Pain and physical discomfort

After emergency procedures: apprising and

adjusting to new s

wation

Acute postoperative organic psychosyndrome
Traumatic experiences

Fear of pain of invasive procedures

Fear of organ rejection or device falure
Integration of new heart or device into body image
Complications with recovery

Physical discomfort

Sources: Salzmann et al. (2020); Tigges-Limmer et al. (2019),

Psychological assessment
Crisis intervention in the event of psychological decompensation

Finding meaning in the illness

Encouraging optimism

Coping with psychosomatic symptoms due to trauma, ambivalence, fear and worry,
grie, anger, aggression, depressiveness, and sleep disorders

Support of adherence, acceptance, and adjustment, e.g, facilitation of formation of new
goals and roles

Protection against inadvertent negative suggestions

Crisis intervention in the event of psychological decompensation
Coping with and reducing psychosomatic symptoms
Relaxation techniques

Protection against inadvertent negative suggestions

Support in processing an organic psychosyndrome, integrating the new heart or MCS
device

Coping with pain

Psychological facilitation of recovery

Coping with and reducing psychosomatic symptoms

Relaxation techniques
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Assessed for eligibility (n = 450)

Excluded (n = 90)
+ Not meeting inclusion criteria (n = 79)

+ Declined to participate (n = 8)
+ Other reasons (n = 3)

Randomized (n = 360)

l

___ Allocation

Allocated to Cognitive-behavioral therapy

(n = 180)

+ Received allocated intervention (n = 157)

+ Did not start allocated intervention (n = 22)

+ Withdrawn from participation with request for
deletion of data (n = 1)

Lost to follow-up (n = 38) -

Twelve months
Follow-Up

Allocated to Hypnotherapy (n = 180)
+ Received allocated intervention (n = 168)

+ Did not start allocated intervention (n = 12)

L

+ Completed allocated intervention (2 5 of 6

sessions,
+ Were not available for follow-up (n = 38)
+ Discontinued intervention (n = 28)

 ost to follow-up (n = 31)

+ Completed allocated intervention (2 5 of 6
sessions, n = 105)

+ Were not available for follow-up (n = 31)
+ Discontinued intervention (n = 32)

I

Analysis

I

Analysed (n = 179) and included in ITT
analysis

Analysed (n = 180) and included in ITT
analysis
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Randomized allocation

(N =359)

Cognitive-behavioral therapy (n = 179)

Hypnotherapy (n = 180)

FU 1 month (n = 144, 80.4%)

FU 1 month (n = 160, 88.9%)

FU 3 months (n = 150, 83.8%)

FU 3 months (n = 158, 87.8%)

FU 6 months(n = 151, 84.4%)

FU 6 months (n = 155, 86.1%)

FU 9 months(n = 149, 83.2%)

FU 9 months (n = 154, 85.5%)

FU 12 months (n = 141, 78.8%)

FU 12 months (n = 149, 82.8%)
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Surgical

procedure

Intervention

Control(s)

Statistically significant (p<0.05 or
greater) benefit [Effect size, if
reported]

Akgul etal. (2016)

Ashton etal. (1997)

Garcia et al. (2020)

Greenleaf et al.
(1992)

Hart (1980)

Scaglione ctal.
(2019)

N=44

N=32

N=113

N=40

N=140

Coronary artery
bypass grafting

Coronary artery

bypass surgery

Atrial ibrillation

Coronary artery
bypass surgery

Cardiopulmonary
bypass surgery

Undergoing atrial

fibrillation ablation

Pre-operative, in-hospital

single-s

ssion hypnosis
by anesthesiologist

Pre-operative self-
hypnosis relaxation

techniques

Hypnosis

Hypnosis

Hypnosis

In-hospital hypnotic

communication for

periprocedural analgesia

Pre-operative, in-hospital
information on the
surgical intervention by
the same anesthesiologist

No therapy

Non-hypnotic relaxation
suggestions and white

noise through headphones

Routine care

Conventional analgesia

Lower anxiety [0.72, ANCOVA]
Lower depression [0.65, ANCOVA]
Fewer analgesic drugs doses

Shorter ventilator assistance duration

Lower anxiety [corrected Hedges g=0.80; 99%
CI=0.17, 1.78; reported in Kekecs et al. (2014)]
Pain medication required [corrected Hedges
g=—086;99% CI ~1.84,0.12; reported in
Kekecs etal. (2014)]

Lower mean pain score (VAS)

Lower use of sedation during procedure

3 Lower morphine dosage

Recovery time from surgery [Std. Mean
Difference =0.78; reported in Montgomery etal.,
2002

Lower anxiety [corrected Hedges g=0.77; 99% CI
~0.07, 1.62; reported in Kekecs etal. (2014)]

1 Lower procedural-related anxiety

2 Shorter perceived procedural duration
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Practice at home through audio-recording or self-hypnosis

HYlaDO

Hypnosis Practice
Training

Session
Duration : 60 minutes

Frequency: 1X /Week

Group: 8 participants max

Location: Tele-consultation (ZOOM)

Duration : 60 minutes
Frequency: 1X /Week
Location: Tele-consultation (ZOOM)

VAS Pain

VAS Anxiety
VAS relaxation
SF-36 QoL

VAS Pain

VAS Anxiety
VAS relaxation
SF-36 QoL

8 sessions :

-Introducing the participants,
Introducing hypnosis,
~Emotional release

- PainAcceptance

- Pain modification

- Pain reducing with magic glove,
- Confidence building.

- Conelision ad feadBack:
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Age (years), mean SD
Sex, n (%)

Female

Male

Nationalit, n (%)

Italian

Educational level, n (%)
Secondary

Higher education

Marital status, n (%)

Single

Married

Cohabiting

Widow

Divorced

Occupational status, n (%)
Employed
Unemployed/Disabled

Retired

Types of RF-Te, n (%)

Lumbar

Cervical

Impar ganglion

Sacro-iliac

Diagnosis, n (%)

Back pain

Cervical pain

Coccydynia

Perineal pain

Joint pain

Pain duration (years), mean +SD
VR previous experience, n (%)
Yes

No

Hypnosis previous experience, n (%)
Yes

No

Rf-Tc previous intervention, n (%)
Yes

No

Anxiety trait (20-80), miean £ SD
Immersion tendencies (1-7), mean +SD
Focus

Involvement

Emotion

Game

Total score

CTR, control group; VRH, Virtual reality hypnosis grou

tal sample (N = 33)

584148

18(54)
15 (45)

32(97)
13)

25(76)
8(24)

7(21)
16 (48)
4(12)
1(3)
5(15)

8(24)
133
14(42)

26(79)
309
309
13)

28(85)
2(6)
13)
13)
13)

1452139

9(27)
24(72)

10(30)
23(70)

16 (48)
17 (51)

39.6£10.1

252441
16463
1154
76453
59.8+14.4

CTR group (N =15)
5894168

10 (30)
5(15)

15 (46)
0

12(36)
309

402
5015)
260
16)
39

200
4(12)
207

12(37)
0
2(6)
13)

13 (40)
0
103)
1)
0
16717

5(15)
10(30)

5(15)
10 (30)

9(27)
6(18)
412493

253443
149465
105443

81%6

5884158

VRH group (N
8134

8(24)
10 (30)

17(51)
103)

13 (40)
5(15)

30)
133)
260
0
200

6(18)
7(21)
5(15)

14(42)
309
10)

0

15 (45)
2(6)
0
0
103)
128111

4(12)
14 (42)

5(15)
13 (40)

7(1)
11(33)
3834108

2514404
169462
116462
72447
60£135

+ SD, Standard deviation; RE-Te, Radiofrequency Thermocoagulations VR, Virtual Reality.

p-value
0.86

0.2

035

06

05

016

024

03

044

048

023

043

0.8
038
055
061
071
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CTR (n=15) VRH (n=18) Effect

size
Questionnaires n?
(Mean + SD)
Anxiety (0-10, NRS) 2943 30383 23427 | 08:14 3125 4233 28431 112 <0.001 03
Pain (0-10, NRS) 55827 | 5+24 37825 | 18%24 | 64325 | 62:17 | 3722 | 21427 <0.001 05
Satisfaction (0-10, NRS) NA NA NA 89+13 NA NA NA 91213 0.66% NA

The p-values and effect size concern the time effect only. T0=screening by phone calk; T1, pre-CTR/VRH; T2, post-CTR/VRH; T3, post-TF-Re; CTR, control; VRH, Virtual reality hypnosis;
NRS, Numerical Rating Scale; NA, non-applicable; * the statistical comparison has been tested with a Mann-Whitney U test
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Odds Std. Err 95% C

Continuous abstinence according to Russell standard

2t 0.892 0.013 -7.93 <0.001 0.867-0.918
z* 1.001 0.002 377 <0.001 1.004-1.013
Suggestibility 1018 0.045 042 0.677 0.935-1.110
‘Treatment condition 1376 0297 148 0139 0.902-2.101
Efficacy expectation CBT 1270 0.086 351 <0.001 L111-1.451
Efficacy expectation HT 0.872 0.051 -234 0.019 0.779-0.978
Seven day point prevalence abstinence

at 0931 0013 -5.17 <0001 0906-0.957
= 1004 0,003 158 [ 0999-1.009
Suggestibility 1013 0.042 031 0.760 0934-1.098
“Treatment condition 1471 0.307 1.85 0.064 0977-2.214
Efficacy expectation CBT 1263 0079 37 <0001 L117-1427
Efficacy expectation HT 083 0,048 230 0.021 0.794-0982

2t centered time variable; 2, squared centered time variable; suggestibiliy (centered); treatment condition (0=HT, 1=CBT); HT, hypnotherapy; CBT, cognitive-behavioral therapys C1,
confidence interval; efficacy expectation: “How high would you rate the general efficacy of CBT/HT?"
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Smoking intensity (cigarettes/day)

CBT

Baseline
1mo FU
3moFU
6mo FU
9mo FU

12mo FU

19.75 (6.86) (N =359)
12.19(7.76) (N =181)
13.87 (7.41) (N =207)
14,51 (7.26) (N =221)
1471 (7.28) (N =223)

13.98(7.07) (N =219)

2035 (6.85) (n=179)
1231 (8.21) (n =80)
14.14 (7.44) (n =94)
14.79 (6.57) (n =102)
1471 (7.25) (n =106)

14.41(7.44) (n=102)

19.15(6.83) (n =180)
12,10 (7.42) (n =101)
13.65 (7.40) (n=113)
14.27 (7.82) (n =119)
14.72(7.34) (n =117)

13,60 (6.74) (n=117)

Mean values and standard deviations are shown unless otherwise stated. Participants were asked how many cigarettes they smoked per “smoking day.” All -tests were n.s.
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Age [Mean = SD (median] 35+ 14.5 (30.5)

Female sex [ (%)) 35(63)

Baseline values (“awake”)*

- BIS [Mean = SD] 97.6£02
- CSI [Mean % SD] 94.6£3.6
HGSHS-score (0-12) [Mean = SD] 68£27

Susceptibility groups [ (%))

- High suggestibles (9-12) 15(27)
- Medium suggestibles (5-8) 31(55)
- Low suggestibles (0-4) 10(18)

HGSHS, Harvard Groupe Scale of Hypnotic Suggestibility; BIS, bispectral index scale; CSI,
cerebral state index. * Average of several awake phases.
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reviews via databases and re

Identification of systemat

Records identified from
systematic reviews search
PubMed (n = 236)
Medline (n = 195)
Cochrane Library (n = 47)
Scopus (n = 2.288)

APA Psyclnfo (n = 67)
Web of Science (n =517)
HTA Database (n = 1)
CRD Database (n = 38)
Total (n = 3389)

Records screened

(n =666)

Reports assessed for eligibility
(n =290)

Reviews included in overview
(n =49)

Records removed before screening
Duplicate records removed (n = 835)
Records marked as ineligible by automation
tools (n = 1.888)

Records excluded after abstract reading
(n=376)

Records excluded

Redundant publication (n = 3)

No Meta-Analysis (n = 25)

N<3 RCTs included (n = 75)

No Hypnosis as treatment (n = 97)

Other reasons (e.g. no results for hypnosis.
suggestibility as outcome etc.; n =41)
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Tasks Duratio!
1 Head drop (test suggestion) 330"
2a-f Eye closure 1525”
3ab Lowering left hand 505"
4 Immobility of right arm 2'55”
5 Finger lock 140”
6 Arm rigidity 225"
7 Attraction of palms 145"
8 Inhibition of head shaking 125”
9 Hallucination of a Fly 130"
10 Eye catalepsy 2
11 Posthypnotic order (touching 3'50”
ankle)
12 Reversal of posthypnotic amnesia 640"
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Anxiety Internal dialogue 035
Avoidance Anger 031 7.54
Sadness 032 8.82
Negative affect 031 707

Absorption -026 300
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Group STAI 1 mean (SD) STAI 2 mean (SD) Fvalue value of p
Intervention group (CAQ) (1=82) 50.18 (12.94) 46,54 (1090) 316 <001
Control group (HAF) (1=76) 4628 (10.17) 5189 (13.01) 314 <001
One-way ANOVA F=161p=002 F=163p=002

The differences were evaluated using a one-way analysis of variance (one-way ANOVA),
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Partial SS df
1217272 45
903.47 1
13883.00 47
Residual 9611.952 110
Total 23495.95 157

Number of observations = 158 R-squared =0.59 Root MSE =9.35 Adj R-squared =0.42.

Ms
27050
903.47
29540
8738

149.66

F value
310
1034

338

value of p
<001
<0.01

<001
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Medical procedures

Holler etal. (2021) 50 (4,269) January 2021 RCTS on hypnosis Adults (mean age: 51yrs;  Hypnosisasan adjunct to surgical (1) TAU Mental distress; Pain
only 66%) standard care, implemented pre-, | (2) AC Medication consumption
intra- and/or postoperatively, Recovery; Physiological
provided face-to-face orasa pre- parameters; Procedure
recorded tape/CD; Intervention time

time: 15-60 min

Tefikowetal (2013) | 34(2597) September 2011 RCTs on hyposis Adults (mean age: 40yrs; | Hypnosis as an adjunct to surgical | (1) TAU Emotional distress; Pain
only 60%) standard care, implemented pre-, | (2) AC Medication consumption
intra- and/or postoperatively, Recovery; Physiological
provided face-to-face or asa pre- parameters; Procedure
recorded tape/CD; Intervention time

time: 3-240 min

Kekes etal. (2014) 13 (1,028) February 2014 RCTs on hypnosis Adults (NR) Use of hypnosis and therapeutic W) TAU Anxiety; Pain intensity
only suggestions to alleviate surgical side | (2) AC Pain medication
effects, implemented pre-, during- Nausea

and after-surgery,live and recorded

Schnur et al. (2008) 19(1,723) February 2008 RCTs on hypnosis Children and adults (NR)  Hypnosis for reducing emotional | (1) TAU Mental distress
only stress during procedure, @Ac
implemented pre-, during- and

after-surgery; only live

Noergaard etal. (2019) | 7(1,231) July 2018 RCTs on hypnosis Adults (18-94yrs; 71%) | Hypnotic analgesia in the (1) TAU + intravenous Length of procedure
only management of procedural painin  analgesia Adverse events
minimally invasive procedures, (2) TAU (without pain
implemented pre- and during the  medication)

procedure, face-to-face and via

recording; Intervention time: 16~
195min
Zeng etal. (2022) 8(1,202) January 2022 RCTs on hypnosis Adults (18-92yr5; 100%)  Hypnosis before general anesthesia | TAU Postoperative pain
only on patients undergoing minor Postoperative anxiety
surgery for breast cancer and self- Procedure time
hypnotic relaxation exercise; Postoperative nausea and
Intervention time: 2-20 min vomiting
Burghardt etal. 2018) | 5(255) August 2017 RCTs on different Adults (NR) Listening to recorded hypnosis (1) TAU Mental distress
interventions during procedure (partly with @ac
including hypnosis relaxation music, suggestions for

bleeding and edema control)

Intervention time: 20-66min

Unman et al. (2006) 5(196) February 2005 RCTs on different Children and adolescents Training in hypnosis and self- WTAU Self-reported pain
interventions (3-16yrs; NR) hypnosis; Hypnotic suggestion using ~ (2) AC Self-reported distress
including hypnosis the childS favourite story; Visual (3) Non-directed play Behavioral measures of

imagery and analgesic suggestions, distress
relaxation techniques

Uman etal, 7(255) March 2013 RCTs on different Children and adolescents  Training in hypnosis and self- (1) TAU Self-reported pain

(2013)-update of Uman interventions (3-16yrs; NR) hypnosis; Hypnotic suggestion using | (2) AC Self-reported distress

etal. (2006) including hypnosis the childs favourite story; Visual (3) Non-directed play Behavioral measures of

imagery and analgesic suggestions, distress
relaxation techniques; Ericksonian
hypnosis via hypnotherapist

Birnie etal. 8(295) September 2017 RCTs on different Children and adolescents  Training in hypnosis and self- W) TAU Self-reported pain

(2018)-update of Uman interventions (3-16yrs; 60%) hypnosis; Hypnotic suggestion using ~ (2) AC Self-reported distress

etal. (2013) including hypnosis the child favourite story; Visual (3) Non-directed play Behavioral measures of

imagery and analgesic suggestions,  (4) Noise-cancelling distress
relaxation techniques; Ericksonian  headphones

hypnosis via hypnotherapist;

Hypnosis intervention via

headphones

Provengal et al. (2018) 6(234) August 2014 RCTs on hypnosis Adults (16-65yrs; NR) Hypnosis via Barber’s rapid induced (1) TAU Pain
only analgesia modified for wound @ac

debridement, with posthypnotic (3) No treatment
cues for comfort; Muscle relaxation

and pleasant memory; Intervention

time: 15-25 min

Schefller etal. 2018) | 6(213) May 2016 RCTs on different Adults (NR) Hypnosis via Barber’ rapid induced | (1) TAU Pain
interventions analgesia modified for wound @ac
including hypnosis debridement, with posthypnotic

cues for comfort and relaxation

Labor and childbirth

Madden etal. (2012) 7(1,213) January 2012 RCTS on different Adults (NR; 100%) Antenatal hypnosis training in (1) TAU Use of pharmacological
interventions groups/individual; Hypnosis during | (2) AC pain relief/anesthesia
including hypnosis labor; + audio-recording for home Spontaneous vaginal birth;

practice Assisted vaginal birth;
Intervention time: 20 min Ceasarean section
Use of epidural/neuroaxial
block

Madden et al. 9(1,741) September 2015 RCTs on different Adults (NR; 100%) Antenatal hypnosis training in (1) TAU Use of pharmacological

(2016)-update of interventions ‘groups/individual; Hypnosis during () AC pain relief/anesthesia

Madden etal. (2012) including hypnosis labor; + audio-recording for home- Spontaneous vaginal birth;

practice Assisted vaginal birth;
Intervention time: 20-90 min Ceasarean section
Use of epidural/neuroaxial
block
Induction of labor
Augmentation of labor

Cynaetal. (2004) 3042) March 2004 Studies on hypnosis |~ Adults (NR; 100%) Individual hypnosis (standard script | (1) TAU Use of pharmacological
including RCTs used in labor, including relaxation  (2) Placebo pain relief

and focused attention) (3) Active control

Smith etal. (2003) 3067) July 2002 RCTs on different Adolescents and adults (18 Individual hypnosis with guided W) TAU Use of pharmacological
interventions or younger-35yrs; 100%) imagery; Self-hypnosis in groups (2) Active control pain relief
including hypnosis Intervention time: 60 min

Smith etal. 5(727) February 2006 RCTs on different Adolescents and adults (18 Individual hypnosis with guided WTAU Use of pharmacological

(2006)-update of Smith interventions oryounger-35yrs; 100%)  imagery; Self-hypnosis ingroups (2) Active control analgesia; Spontancous

etal. (2003) including hypnosis Intervention time: 60 min vaginal birth; Augmentation

with oxytocin

Pain
Langlois etal. (2022) | 9(530) May 2021 RCTS on hypnosis Adults (34-81yrs; NR) Hypnosis via hypnotherapist, W) TAU Pain intensity post-
only afterwards self-hypnosis via @ac treatment/follow-up
audiotape; Intervention time: 30~ (3) No treatment Pain interference with daily
90min (4) Active control activities
Garland et al. (2020) 12(932) March 2018 RCTs on different Adults (NR) Hypnosis partly in person, partly via (1) TAU Pain
interventions recording @ac
including hypnosis (3) Active control
Milling et al. 2021) 32(1,409) April 2019 Studies on hypnosis | NR Not specified W) TAU Pain
including RCTs @ac
(3) Waitlist
(4) No treatment
Zechetal. (2017) 3039 February 2016 RCTS on different Adults (NR) ‘Traditional and Ericksonian W) TAU Sleep problems
interventions hypnosis, partly combined with CBT | (2) AC
including hypnosis Intervention time: 60-120 min
(4) Active control
Cancer
Richardson etal. (2007) | 4(149) March 2005 RCTs on hypnosis Children, adolescentsand  Individual hypnosis with W) TAU Nausea and vomiting
only adults (5-49yrs; NR) instructions for self-hypnosis; (2) Therapist contact
Individualized imaginative fantasy
with suggestions; Relaxation,
imagery and tailored hypnosis with
suggestions + instruction for home
practice
Intervention time: 30-90 min
Danon etal. (2022) 3(130) May 2020 RCTS on different Adults (mean age: 55.9yrs; | Hypnosis and supportive-expressive (1) TAU Pain
interventions 96%) therapy + education in groups; (2) Waitli
including hypnosis Instructions for self-hypnosis + (3) No treatment
pharmacological treatment (4) Active control
Intervention time: 60-90m
Valencia model of waking hypnosis
Jongetal. (2020 4(206) March 2016 RCTs on different Children and adolescents ic induction, active imagery, (1) TAU Self-reported pain
interventions (3-16yrs; NR) tailored, deep muscle relaxation,and  (2) AC
including hypnosis analgesic suggestions, directed by
therapist + self-hypnosis training
Nunns etal. (2018) 6(287) July 2017 RCTs on different Children, adolescentsand  Hypnosis + CBT; Direct and indirect (1) TAU Anxiety
interventions adults (NR) suggestions; Imaginative @ac Pain
including hypnosis involvement; Intervention time:
15-40min
Chenetal. (2017) 13(321) May 2015 Studies on hypnosis | Children, adolescentsand  Individual hypnosis with therapist, (1) TAU Anxiety
including RCTs adults (5-87 yrs; NR) additional instructions for self- @ac
hypnosis with audiotape (3) Active control

Intervention time: 20-50 min

Irritable bowel syndrome

Ford etal. (2019) 5(278) December2013 | RCTs on different Adults (NR) Gut-directed hypnotherapy, partly | (1) TAU Response to therapy
interventions with audiotapes; Intervention time:  (2) Symptom monitoring (global IBS symptoms or
including hypnosis 30-60min (3) Supportive therapy abdominal pain)

(4) Placebo

Black etal. 6(739) January 2020 RCTs on different Adults (NR) Gut-directed hypnotherapy Wailist IBS symptoms
(2020)-update of Ford interventions (individual vs. in groups);
etal. (2019) including hypnosis Intervention time: 30-60m
Krouwel etal. (2021) | 7(723) RCTs on hypnosis Adults (18-65yr5;633- | Gut-directed hypnotherapy, W) TAU 1BS symptoms
only 863%) individual and in groups; Integrative | (2) Placebo
therapy (including psychodynamics, | (3) No treatment
GDH and education); Intervention (4) Alternative treatment
time: 45-90 min
Lee etal. (2014) 7(374) January 2013 RCTs on hypnosis Adults (18-70yr5; 80%) | Gut-directed hypnotherapy (1) Any other conventional  Abdominal pain
only Intervention time: 30-60min treatment
(2) No treatment
Schacfertetal. (2014) | 8(464) June 2013 RCTs on hypnosis Adults (NR) Manchester approach W) TAU Adequate symptom relicf;
only Gut-directed hypnotherapy @ac Global gastrointestinal
(Partly individual and in groups)  (3) Waitlist score; Pain; Diarrhea;
Intervention time: 30-60 min (4) No treatment constipation; Bloating/
(5) Active control distension; Health-related
quality of lie; Depression;
Anxiety
Henrichetal. (2015) | 5(255) May 2013 RCTs on different Adults (NR) Gut-directed hypnotherapy () TAU Pain; Composite symptoms;
interventions Intervention time: 30-60min (2) Waitlist Bowel dysfunction;
including hypnosis (3) Symptom monitoring Psychological distress
Health-related quality of
life
Laird etal. (2016) 5(259) August 2015 RCTs on different Adults (NR) Hyprotherapy, individual andin | Active and non-active Gastrointestinal symptoms
interventions groups controls
including hypnosis
Laird etal. (2017) 4(223) August 2015 RCTs on different Adults (NR) Hypnotherapy, individual andin | (1) TAU Daily functioning
interventions groups (2) Waitl
including hypnosis (3) Active control
Pengetal. (2021) 11(509) September 2020 RCTs on different Adults (NR) Individual gut-directed Supportive treatments Various outcomes
interventions hypnotherapy; GDH + supportive
ncluding hypnosis talks; General hypnotherapy: Group.
hypnotherapy
(2020) 6(NA) NR RCTs on different Adults (NR) NA () TAU Gastrointestinal symptoms
interventions (2) Waitlist
including hypnosis (3) Active control
Obesity
Milling etal. (2018) (A) 14 (882) December 2016 Studies on hypnosis  Adolescents and adults Hypnosis + training in self-hypnosis; | (1) TAU Weightloss at post
(®)11(573) including RCTs (NR) Hypnosis alone; Hypnosis + CBT (2 AC treatment and at follow-up
(3) No treatment
(4) Hypnosis + CBT vs. CBT
Smoking cessation
Barnes etal. (2010) 121 July 2010 RCTs on hypnosis Adults (30-40yrs; NR) Hypnosis alone (individual or in (1) Briefattention/cessation  Smoking cessation at 6+
only ‘groups); Hypnosis + audiotape for | advice months follow-up.
home-practice; Intervention time: | (2) Psychological treatment
30-150min
Barnes etal. 14(1.926) July 2018 RCTs on hypnosis Adults (30-40yrs; NR) Hypnosis alone (individual or in Smoking cessation at 6+
(2019)-update of Barnes only groups); Hypnosis + audiotape for  behavioural treatments months follow-up
etal. (2010) home-practice; Intervention time:
30-150min
Tahiri etal. 2012) 1273) December2010 | RCTs on different Adults (meanage 35,6~ Hypnosis by hypnotherapist, family  Waitlist Abstinence
interventions 427yr5,48.7-70%) physician or psychologist;
including hypnosis Intervention time: 40-150 min
Hartmann-Boyce etal. | 14(1,926) July 2020 RCTs on different Adults (30-40yrs; NR) Hypnosis alone (individual or in (1) No smoking cessation Smoking cessation at 6+
(@021) interventions ‘groups); Hypnosis + audiotape for  support months follow-up.
including hypnosis home-practice; Intervention time: ~(2) Watlist
30-150min ®AC
Symptoms of mental/psychosomatic disorders
Shih etal. (2009) 6(258) NR RCTs on hypnosis Adults (18-81yr Hypnosis alone (individual or in W) TAU Depressive symptoms
only ‘groups); Hypnosis + audiotape for | (2) No treatment

home-practice; Intervention time:

30-60min
O'Toole etal. (2016) 3004 NR Studies on hypnosis |~ Adolescents and adults Hypnotherapy and “spiritual (1) No treatment PTSD symptom reduction
including RCTS (NR; 0-79%) hypnosis-assisted therapy” (2) Waitlist

(3) Pharmacotherapy

Rotaru and Rusu (2016) | 4(144) January 2014 Studies on hypnosis | Children, adolescentsand  Symptom-orientated hypnotherapy; (1) No treatment PTSD symptom reduction
including RCTs adults (9.38-42yrs; 0-88%) ~ Manualized abreactive ego therapy ~ (2) Waitlist at post-treatment and at
Intervention time: 90 min (3) Pharmacotherapy 4weeks follow-up
(4) Placebo
Flammer and Alladin | 21(843) NR RCTS on hypnosis Children, adolescentsand  Classical hypnosis; Modern (1) Waitlist Pooled across all reported
(2007) only adults (NR) hypnosis; Mixed form of hypnosis,  (2) No treatment outcomes

Ericksonian hypnosis

Lam etal. (2015) 305) March 2014 RCTs on hypnosis Adults (mean age: Hypnosis (face-to-face; Delivered (1) Placebo Sleep onset latency
only 52.8%) via internet); Intervention time: (2) Waitl
20-90min
Various disorders
Ramondo etal. (2021) | 39 (1,500) November 2018 Studies on hypnosis  Children, adolescentsand  Hypnosis + CBT CBT alone Primary study outcome at
including RCTs adults (NR) post-treatment and at
follow-up
Flammer and Bongartz | 57 (2411) 2002 Studies on hypnosis | Children, adolescentsand  Classical hypnosis (direct Waitlist Various outcomes
(2003) including RCTs adults (NR) suggestions for relaxation,
imagination and for alleviation of
symptoms); Modern hypnosis
(indirect suggestions for relaxation,
imagination or for symptom
reduction, application of metaphors,
symbolizations)
Eason and Parris (2019) | 17 (4,176) NR RCTS on hypnosis Children, adolescentsand  Hypnosis alone (individual or in W) TAU Various outcomes
only adults (NR) ‘groups); Hypnosis + audiotape for | (2) Waitlist
home-practice; Intervention time: (3) Other treatment

50-90min
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Intervention group (CAQ) (n = 82) Control group (HAF) (n

Agein years
Mean (range) 4458 (18-98 yy) 49.10 (18-81 yy)

ANOVA one-way F=2.93 p=0.09

Gender
Males 36 36
Females 40 46

Pearsons 74, =0.19 p=0.66

Marital status

Single 30 33
Married 39 47
Widowed 6 2

Fisher Exact probability test p=031

Working
Yes 54 54
No 20 17

Pearson’s 7%, =0.18 p=0.67

Insurance status

Private 15 -
Statutory P -

Pearson' £y =0.01 p=091

Dental visit
Yes 50 51
No 25 31

Pearson's 7%, =0.34 p=0.56
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