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Anhedonia constitutes one of the main symptoms of depressive episode. It correlates with suicidality and significantly effects the quality of patient's lives. Available treatments are not sufficient against this group of symptoms. Ketamine is a novel, rapid acting strategy for treatment resistant depression. Here we report the change in symptoms of anhedonia measured by Snaith-Hamilton Pleasure Scale as an effect of eight ketamine infusions as an add-on treatment in 42 patients with treatment resistant depression. We also determined the effect of this change on the severity of depressive symptoms measured by Inventory for Depression Symptomatology-Self Report 30-Item (IDS-SR 30). We have observed statistically significant decrease in the level of anhedonia during ketamine treatment. After adjusting for potential confounders we have found that significant reduction in Snaith-Hamilton Pleasure Scale (SHAPS) after each infusion and 1 week post treatment was observed only among patients who did not use benzodiazepines. The reduction in symptoms of anhedonia mediates the antidepressive effect of ketamine. The results need replication in a larger randomized placebo controlled trial.
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INTRODUCTION

Anhedonia, the reduction of the ability to experience pleasure, is one of the core symptoms of depression, and approved treatments do not address it sufficiently (1). The presence of anhedonia strongly correlates with suicidality, and this effect is independent of the severity of depressive symptoms (2). It has been shown that anhedonia is a risk factor of completed suicide during the 1-year follow-up (3). Symptoms of anhedonia turned out to be a robust predictor of a poor outcome of antidepressant treatment in a factor analysis of data from two large studies: Genome-based Therapeutic Drugs for Depression (GENDEP) and Sequenced Treatment Alternatives to Relieve Depression (STAR*D). This was true irrespective of which antidepressant was used and did not depend on the level of baseline depression (4). Ketamine is a novel, effective, and rapid-acting antidepressant in unipolar patients (5, 6) and bipolar treatment resistant depression (7). It has also antisuicidal properties (8). Ketamine is an N-methyl-d-aspartate receptor (NMDAR) antagonist. The mechanism of the antidepressant effect of ketamine is still not fully understood. Studies have indicated that it involves the inhibition of presynaptic and postsynaptic NMDARs in GABAergic interneurons. This effect causes a disinhibition of glutamate transmission and the subsequent glutamate release activates ionotropic α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, and the brain-derived neurotrophic factor-tyrosine kinase receptor B (BDNF-TrkB) signaling pathway, thus, leading to the release of BDNF. Ketamine elicits the activation of neuronal connection through the (long-term potentiation) LTP-like enhancement of glutamatergic synapses, increasing synaptic plasticity (9, 10).

Anhedonia involves various neural circuits, mostly in the reward system of the brain. Studies on anhedonia both in rodents and humans indicate that dopaminergic and glutamatergic signaling is responsible for this symptom (11). A meta-analysis of 11 studies has shown that acute ketamine administration leads to DA release in the brain and increases DA levels in the striatum, nucleus accumbens, and the prefrontal cortex, and correlates with significant increases in DA neuron activity in rodent models of depression, although primate and human studies were inconsistent (12). Ketamine is also a partial agonist of the dopamine D2 receptor (13). A human study using PET found a decreased ability of dopamine D2 receptors to bind (11C)raclopride after s-ketamine administration, indicating increases in the striatal dopamine levels (14). Preclinical evidence suggests that glutamate may have a role in anhedonia (15). Taken together, these findings suggest that the glutamatergic system and its downstream modulation of dopaminergic activity may be one potential route of the antianhedonic efficacy of ketamine in both unipolar and bipolar treatment resistant depression (TRD). Limited evidence on the effect of IV ketamine on anhedonia in humans supports this hypothesis (16–18).

Here, we present the changes in the severity of anhedonia with SHAPS in the course of eight intravenous ketamine infusions in patients with treatment-resistant depression. We hypothesized that subsequent ketamine infusions would improve depressive symptoms and anhedonia and cause a decrease in the SHAPS and IDS 30-SR scores. We also expected that this effect would be smaller in patients taking benzodiazepines.



MATERIALS AND METHODS


Patients

The study population includes subjects enrolled in a naturalistic observational registry protocol for intravenous ketamine treatment in TRD: A Naturalistic Study of Ketamine for Treatment Resistant Mood Disorders (GDKet) (NCT04226963). Detailed methodology is discussed elsewhere (19). The present study comprises a population of 41 patients (26 females) with a mean age of 48.5 years (SD 14.3), with depressive episodes without psychotic features in the course of a major depressive disorder or bipolar disorder. The diagnosis was established by a clinician psychiatrist according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria and certified using a Mini International Neuropsychiatric Interview (MINI). All participants exhibited treatment resistance for the current episode. For unipolar depression, for all MDD patients, it was defined as an inadequate response to two or more antidepressants used in adequate doses and time duration according to the Antidepressant Treatment Response Questionnaire ATRQ (20). TRD-BP was defined as a clinically unsatisfactory response to at least two approved dissimilar medications administered in adequate doses and for a sufficient amount of time (21).

Only medically stable adults (<65 years) were enrolled in the study. Medical stability was based on physical examination, medical history, life factors, laboratory tests, and electrocardiography (ECG). If necessary, patients continued current medications during the ketamine treatment. Exclusion criteria included pregnancy, breastfeeding, an active history of uncontrolled diseases, or previous adverse effects while on ketamine. The study protocol was approved by the institutional review board NKBBN/172-674/2019. All participants signed a consent form after confirming their understanding of the study procedures. The study was conducted in accordance with the latest version of the Declaration of Helsinki.



Study Design

The study followed an observational design; all patients continued baseline psychotropic treatment, as well as necessary treatment of chronic somatic diseases during ketamine infusions. The therapeutic intervention included eight intravenous ketamine infusions administered over 4 weeks as an add-on treatment. Ketamine was administered at a dose of 0.5 mg/kg based on the actual body weight of the patient and given as an intravenous infusion over 40 min. The preparation used for preparing infusions was Ketalar 50 (ketamine hydrochloride) 50 mg/ml; one vial contained 10 ml. The managing psychiatrist monitored safety before, during, and after the infusion every 15 min to 1.5 h after the infusion, including periodic assessment of vital signs (heart rate, body temperature, respiration rate, blood pressure, and oxygen saturation). Safety monitoring included also the Brief Psychiatric Rating Scale (BPRS) and Clinician-Administered Dissociative States Scale (CADSS) at baseline and 1 h after the infusion.



Psychometric Measures

Anhedonia was measured with the Snaith–Hamilton Pleasure Scale (SHAPS), and a 14-item self-reported measure of anhedonia was used. The items assess anhedonia on a 1–4 scale ranging from “strongly agree” to “strongly disagree.” The SHAPS score can range from 0 to 14, where a score higher than 2 indicates the presence of anhedonia (22). Depressive symptoms were monitored with the 30-item Inventory for Depressive Symptomatology—Self Report (IDS-SR 30) (23). We determined the effect of the change in the level of anhedonia based on the severity of the measured depressive symptoms. The primary outcome was the change in the SHAPS score. The secondary outcomes were the effect of this change on the severity of depressive symptoms measured by IDS-SR 30 and the change in the score of item 18 in the IDS-SR 30 reflecting the intensity of suicidal thoughts. Item 18 describes “Thoughts of death or suicide,” and scores from 0—I do not think of suicide or death, through 1—I feel that life is empty or wonder if it is worth living, 2—I think of suicide or death several times a week for several minutes, up to 3—I think of suicide or death several times a day in some detail, or I have made specific plans for suicide or have actually tried to take my life. The results reported here were assessed before treatment, at the third, fifth, and seventh infusions, and 1 week after treatment.



Statistical Analysis

Data were analyzed by using the IBM SPSS Statistics package ver. 26. Demographic and clinical characteristics were presented as mean and standard deviation or frequencies. In some cases, other statistics were provided. The normality of the continuous variables was examined by the Shapiro–Wilk test. In addition, the following methods were used: (a) a one-way ANOVA with repeated measures for the results of the SHAPS and IDS-30 complemented with Tuckey's post-hoc tests, (b) general linear models with repeated measures for the results of the same questionnaires, adjusted for potential confounders (sex, age, BMI, benzodiazepines), (c) the Friedman's test (following Dunn's post-hoc tests) for analysis of IDS-30 item no. 18 scores, and (d) a moderated mediation model for the relationship between ketamine infusions and depression severity (IDS-30) with anhedonia (SHAPS) as the potential mediator and the therapy of benzodiazepines as the moderator of association between the ketamine and SHAPS scores. In order to conduct the above analysis, we used PROCESS macro (v3.5) for SPSS, following the bootstrapping procedure with 5,000 resamples. All calculations were made for a sample of N = 41. The significance level was set at α = 0.05. With the assumed moderate effect for the selected methods, the analyzed sample (N = 41) allowed to obtain the power of the test at a level > 0.8.




RESULTS


Demographic and Clinical Analysis

Demographic and clinical analysis of the study sample is presented in Table 1.


Table 1. Demographic and clinical characteristics of the total sample.
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We did not observe any serious adverse effects. Patients experienced a mild and transient increase in arterial blood pressure and self-limiting mild-to-moderate dissociative symptoms.



Snaith–Hamilton Pleasure Scale

At baseline, 97.5% of the patients (n = 39) met the criteria for clinically significant anhedonia (i.e., SHAPS ≥ 2). The simple ANOVA with repeated measures indicates a significant reduction in the SHAPS total score across infusions—F(4,160) = 13.36, p < 0.001, η2p = 0.25; with G-G and H-F correction p < 0.001. Pairwise comparisons (Tuckey's post-hoc tests) show that there was a significant decrease in the SHAPS total score from the baseline to each infusion and the post-infusion visit (in all comparisons p < 0.001) (Figure 1). No significant differences emerged between each infusion and between infusions and the post-infusion visit.


[image: Figure 1]
FIGURE 1. Snaith–Hamilton Pleasure Scale (SHAPS) score change during ketamine treatment. ***p < 0.001 in comparison with baseline scores (pre-infusion).


After adjusting for potential confounders (sex, age, BMI, and treatment with benzodiazepines), there was a significant interaction between the ketamine infusion and use of benzodiazepines—F(4, 144) = 2.60, p = 0.039, η2p = 0.07 with H-F correction p = 0.041. A significant reduction in the SHAPS after each infusion (p = 0.002 in comparison with the third infusion and p < 0.001 in comparison with the rest infusions) and during the post-infusion visit (p < 0.001) was observed only among patients not using benzodiazepines. In the second group, a reduction (in comparison with baseline results) was noticed only after the seventh infusion (p = 0.036); however, eventually, the total score did not differ between the baseline and the post-infusion visit (Figure 2).


[image: Figure 2]
FIGURE 2. Snaith–Hamilton Pleasure Scale (SHAPS) score change during ketamine treatment in patients using benzodiazepines compared with the rest of the study group. *p < 0.05, **p < 0.01, ***p < 0.001 in comparison with baseline scores (pre-infusion).




30-Item Inventory for Depressive Symptomatology—Self Report

The same models as above were tested for the IDS-30 total scores as dependent variable. In the one-way repeated measures of ANOVA, the result was statistically significant—F(4, 160) = 8.86, p < 0.001, η2p = 0.18; with G-G and H-F correction p < 0.001, suggesting a gradual decrease in the score as a result of the administering of ketamine. The difference between the baseline and third infusion was significant at p = 0.013, and between the baseline results and subsequent infusions and the post-infusion visit p < 0.001 (Figure 3). The model adjusted for confounding variables indicated a sustained statistically significant effect of the infusions—F(4, 144) = 3.28, p = 0.013, η2p = 0.08; with G-G and H-F correction p < 0.05, but no significant interaction effects.


[image: Figure 3]
FIGURE 3. The 30-item inventory for Depressive Symptomatology—Self Report (IDS-SR 30) score during ketamine treatment. *p < 0.05, ***p < 0.001 in comparison with baseline scores (pre-infusion).




30-Item Inventory for Depressive Symptomatology—Self Report 30 Item No. 18

Due to the nature of the variable, the analysis of the changes in scores was carried out using the non-parametric Friedman test (and post-hoc Dunn's test), while the model taking into account confounding variables was omitted. The results showed a significant decrease in the intensity of suicidal ideation as a result of ketamine infusions [[image: image] = 15.53, p = 0.004, W = 0.09], but this change was observed only after the fifth (p = 0.047) and the seventh (p = 0.028) infusions in comparison with the pre-infusion measurement. At the same time, the results obtained during the post-infusion visit did not differ from the baseline. Instead of a graph, a table with descriptive statistics is presented for better readability.



Mediation Model

Mediation analysis with moderation (model 7. in macro PROCESS v3.5.) was conducted in order to determine if there was an indirect effect of anhedonia on the relationship between the number of infusions and the severity of depression. Taking benzodiazepines was included as a moderator of the relationship between infusions and the SHAPS total scores. Due to the lack of significance of the interaction between infusions and benzodiazepines in the overall model, the mediation model without a moderator was finally analyzed (model 4. in macro PROCESS v3.5) (Figure 4). The obtained results indicate a significant unstandardized indirect effect of anhedonia in the relationship between infusions and the severity of depression: −1.90 (95% CI bootstrap method: −2.83 to −0.91). The whole model was significant—F(2, 202) = 74.42, p < 0.001 and explained 42% of the variance of the dependent variable.


[image: Figure 4]
FIGURE 4. The mediating effect of anhedonia in the relationship between ketamine treatment and the 30-item Inventory for Depressive Symptomatology—Self Report (IDS-SR 30) score. Snaith–Hamilton Pleasure Scale (SHAPS). #The model presents unstandardized effects.





DISCUSSION

A primary finding in this study is a statistically significant decrease in the level of anhedonia during ketamine treatment. It was also found that significant reduction in SHAPS after each infusion and 1 week post-treatment was observed only among patients not using benzodiazepines. The IDS-SR 30 score reduced significantly during treatment. We observed a significant decrease in the intensity of suicidal ideation reflected in the score of item 18 after the fifth and the seventh infusions. The indirect effect of anhedonia on the severity of the depression was investigated in a mediation model, which confirmed that reduction in depressive symptoms was mediated by the antianhedonic effect, meaning that the general level of depression is reduced due to a decrease in the symptoms of anhedonia. The change in the level of anhedonia explained 42% of the variance of the IDS-SR 30 score improvement.

The results are in line with the existing evidence, although data on the effect of ketamine on anhedonia are scarce. One study has shown a rapid antianhedonic effect after a single infusion of ketamine in 36 patients with treatment-resistant bipolar depression (16). A subsequent open label study by the same group included 52 participants with TRD who received one infusion of 0.5 mg/kg ketamine after a 2-week washout period, which also confirmed a rapid antianhedonic effect of ketamine (17). In a study investigating the clinical correlates of suicidal thoughts, the authors found that after a single infusion of ketamine, TRD patients with MDD and BD significantly reduced their SHAPS scores. The authors also observed that improvements on the SHAPS accounted for an additional 13% of the variance in suicidal thought reduction, beyond the influence of depressive symptoms (24). A recent retrospective post-hoc analysis of over 200 participants with treatment-resistant depression in the course of MDD or BD revealed a significant reduction in the SHAPS score during and after four ketamine infusions. The authors also found that improvements in depressive symptoms, suicidal ideation, and anxiety symptoms were mediated by a reduction in anhedonic symptoms since anhedonia accounted for 26% of the variance in depressive score improvements measured with QIDS 16 (18).

Our secondary finding was that there appeared to be no significant effect of ketamine on anhedonia in the subgroup of patients using benzodiazepines compared with the rest of patients. There is some evidence on the attenuation of the antidepressant effect of ketamine by concomitant BDZ. One case report describes a patient with bipolar depression treated with 10 infusions of ketamine as an add on to lithium, fluoxetine, quetiapine, and 3.5 mg of lorazepam. During lorazepam administration, the response to ketamine was limited to 24 h, but when lorazepam was withdrawn, the response extended to 10–14 days. No other changes in medications were made (25). A post-hoc analysis of data of 10 TRD patients treated with ketamine has shown that the responder group had a significantly smaller dose of BDZ used than a non-responder group (26). Another post-hoc analysis of the effect of six ketamine infusions on 13 TRD patients has shown that BDZ users had a longer time to response and remission as well as a shorter time to relapse compared with the rest of the group. A recent post-hoc analysis of data from 47 MDD patients treated with a single infusion of ketamine has shown significantly worse outcomes in the subgroup receiving BDZ, and this effect depended on the dose of the BDZ. Moreover, the BDZ attenuating effect was present only on days 3 and 7, not at 24 h post infusion, which suggests that it may be related to the neurotrophic effect of ketamine treatment (27). Our results stand in line with the aforementioned reports, although in the cited papers, the investigators focused on the severity of depression, and our objective was to study this effect on anhedonia. The process of interference of BDZ on the ketamine effect can be hypothetically explained as follows: ketamine blocks NMDA receptors causing disinhibition of GABAergic interneurons and a subsequent increase in glutamatergic activity with a following BDNF increase. Benzodiazepines act as agonists against GABA-A receptors and, therefore, counteract the effect on the GABAergic neurons stimulating them.

Ketamine and benzodiazepines have a common target, which is the reward system. Dysregulation of the reward system function has been described in depression, anhedonia, but also in addictions (28). Despite being very useful in short-term treatment for anxiety, there is evidence that benzodiazepines might worsen depressive symptoms (29). In a study including over 900 TRD patients, the authors found that regular benzodiazepine use was a strong correlate of treatment resistance. The suggested reason is the possible coexistence of anxiety disorder, suppression of feelings as an effect of BDZ, which can deepen depression and undermine the effectiveness of psychotherapy as well as the negative influence of BDZ on cognitive functions (30). The same group conducted a study on 1,034 (128 BP I, 906 BP II) patients with treatment for bipolar depression, dividing them into three groups: low, medium, and high resistance, based on the number of medications they used. The authors found that regular BDZ use was significantly more common in the last group, defined as the TRBD group using five or more psychotropic medications (31).

Similar to benzodiazepines, ketamine has abuse potential (32); therefore, it is particularly important to follow-up patients on ketamine treatment, especially on long-term use as this regimen seems to be the most effective (33).

Several limitations of the study should be taken into consideration. The study was conducted without a placebo control, randomization, and blinding. Thus, the results apply to the naturalistic observational design. Apart from these obvious shortcomings, the registry design has also benefits and can help to study the effect of medication in a real-life setting (34). There were no measurements of ketamine and its metabolites as well as the concentrations of benzodiazepines in the blood of patients. Another limitation is that unipolar and bipolar patients were included in the same group due to the relatively small number of participants. This was also the reason why we did not analyze different benzodiazepines separately. Observational studies provide an overall low quality of evidence, and the true effect might be markedly different from the estimated effect due to the risk of bias, imprecision, inconsistency, and indirectness, and the present level C of evidence that is insufficient for scientific recommendation. However, our report aims at contributing to the literature with regard to the matters of safety and tolerability, which may be useful for future research with a more rigorous design.

In summary, our study results suggest that there is an antianhedonic effect of intravenous ketamine in patients with treatment-resistant depression in the course of unipolar and bipolar disorder in an open label naturalistic study.

This effect was attenuated by the use of benzodiazepines. The use of ketamine needs to be monitored in order to prevent the development of substance use disorder. Our findings need replication in a large placebo controlled RCT.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Institutional Ethics Committee of Medical University of Gdańsk (NKBBN/172-674/2019). The patients/participants provided their written informed consent to participate in this study after confirming their understanding of the study procedures. The study was conducted in accordance with the latest version of the Declaration of Helsinki.



AUTHOR CONTRIBUTIONS

WC and MW: conceptualization. WC: methodology and funding acquisition. MW, AWi, and AWł: software. MW and AWł: formal analysis. MG-W and AWł: investigation. MW: resources. AWi and AWł: data curation. AWi: writing—original draft preparation. AWi and WC: writing—review and editing. MG-W and MW: project administration. All authors have read and agreed to the published version of the manuscript.



FUNDING

This work was supported by the Medical University of Gdańsk, Poland (Grant No. ST-02-0039/07/221) and represents data from the clinical registry A Naturalistic Study of Ketamine for Treatment Resistant Mood Disorders (GDKet) (NCT04226963).



REFERENCES

 1. Nutt D, Demyttenaere K, Janka Z, Aarre T, Bourin M, Canonico PL, et al. The other face of depression, reduced positive affect: the role of catecholamines in causation and cure. J Psychopharmacol. (2007) 21:461–71. doi: 10.1177/0269881106069938

 2. Ducasse D, Loas G, Dassa D, Gramaglia C, Zeppegno P, Guillaume S, et al. Anhedonia is associated with suicidal ideation independently of depression: a meta-analysis. Depress Anxiety. (2018) 35:382–92. doi: 10.1002/da.22709

 3. Fawcett J, Scheftner WA, Fogg L, Clark DC, Young MA, Hedeker D, et al. Time related predictors of suicide in major affective disorder. Am J Psychiatry. (1990) 147:1189–94. doi: 10.1176/ajp.147.9.1189

 4. Uher R, Perlis RH, Henigsberg N, Zobel A, Rietschel M, Mors O, et al. Depression symptom dimensions as predictors of antidepressant treatment outcome: replicable evidence for interest-activity symptoms. Psychol Med. (2012) 42:967–80. doi: 10.1017/S0033291711001905

 5. Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS, et al. Antidepressant effects of ketamine in depressed patients. Biol Psychiatry. (2000) 47:351–4. doi: 10.1016/S0006-3223(99)00230-9

 6. Zarate CA, Jaskaran BS, Carlson PJ, Brutsche NE, Ameli R, Luckenbaugh DA, et al. A randomized trial of an N-methyl-D-aspartate antagonist in treatment-resistant major depression. Arch Gen Psychiatry. (2006) 63:856–64. doi: 10.1001/archpsyc.63.8.856

 7. Diazgranados N, Ibrahim L, Brutsche NE, Newberg A, Kronstein P, Khalife S, et al. A randomized add-on trial of an N-methyl-D-aspartate antagonist in treatment-resistant bipolar depression. Arch Gen Psychiatry. (2010) 67:793–802. doi: 10.1001/archgenpsychiatry.2010.90

 8. Wilkinson ST, Ballard ED, Bloch MH, Mathew SJ, Murrough JW, Feder A, et al. The effect of a single dose of intravenous ketamine on suicidal ideation: a systematic review and individual participant data meta-analysis. Am J Psychiatry. (2018) 175:150–8. doi: 10.1176/appi.ajp.2017.17040472

 9. Okada D. Synaptic modulation in the effect of ketamine. In: Hashimoto K, Ide S, Ikeda K, eds. Ketamine From Abused Drug to- Rapid-Acting Antidepressant. Singapore: Springer Nature Singapore Pte Ltd.) (2020). p. 70–2.

 10. Abdallah CG, Averill CL, Salas R, Averill LA, Baldwin PR, Krystal JH, et al. Prefrontal connectivity and glutamate transmission: relevance to depression pathophysiology and ketamine treatment. Biol Psychiatry Cogn Neurosci Neuroimaging. (2017) 2:566–74. doi: 10.1016/j.bpsc.2017.04.006

 11. Rincón-Cortés M, Grace AA. Antidepressant effects of ketamine on depression-related phenotypes and dopamine dysfunction in rodent models of stress. Behav Brain Res. (2020) 379:112367. doi: 10.1016/j.bbr.2019.112367

 12. Kokkinou M, Ashok AH, Howes OD. The effects of ketamine on dopaminergic function: meta-analysis and review of the implications for neuropsychiatric disorders. Mol Psychiatry. (2018) 23:59–69. doi: 10.1038/mp.2017.190

 13. Kapur S, Seeman P. NMDA receptor antagonists ketamine and PCP have direct effects on the dopamine D(2) and serotonin 5-HT(2)receptors-implications for models of schizophrenia. Mol Psychiatry. (2002) 7:837–44. doi: 10.1038/sj.mp.4001093

 14. Vollenweider FX, Vontobel P, Oye I, Hell D, Leenders KL. Effects of (S)-ketamine on striatal dopamine: a [11C]raclopride PET study of a model psychosis in humans. J Psychiatr Res. (2000) 34:35–43. doi: 10.1016/S0022-3956(99)00031-X

 15. Bechtholt-Gompf AJ, Walther HV, Adams MA, Carlezon WA Jr, Ongür D, Cohen BM. Blockade of astrocytic glutamate uptake in rats induces signs of anhedonia and impaired spatial memory. Neuropsychopharmacology. (2010) 35:2049–59. doi: 10.1038/npp.2010.74

 16. Lally N, Nugent AC, Luckenbaugh DA, Ameli R, Roiser JP, Zarate CA. Antianhedonic effect of ketamine and its neural correlates in treatment-resistant bipolar depression. Transl. Psychiatry. (2014) 4:e469. doi: 10.1038/tp.2014.105

 17. Lally N, Nugent AC, Luckenbaugh DA, Niciu MJ, Roiser JP, Zarate CA Jr. Neural correlates of change in major depressive disorder anhedonia following open-label ketamine. J Psychopharmacol. (2015) 29:596–607. doi: 10.1177/0269881114568041

 18. Rodrigues NB, McIntyre RS, Lipsitz O, Cha DS, Lee Y, Gill H, et al. Changes in symptoms of anhedonia in adults with major depressive or bipolar disorder receiving IV ketamine: results from the Canadian Rapid Treatment Center of Excellence. J Affect Disord. (2020) 276:570–5. doi: 10.1016/j.jad.2020.07.083

 19. Słupski J, Cubała WJ, Górska N, Słupska A, Gałuszko-Wegielnik M. Copper and anti-anhedonic effect of ketamine in treatment-resistant depression. Med Hypotheses. (2020) 144:110268. doi: 10.1016/j.mehy.2020.110268

 20. Fava M, Davidson KG. Definition and epidemiology of treatment-resistant depression. Psychiatr Clin North Am. (1996) 19:179–200. doi: 10.1016/S0193-953X(05)70283-5

 21. Poon SH, Sim K, Baldessarini RJ. Pharmacological approaches for treatment-resistant bipolar disorder. Curr Neuropharmacol. (2015) 13:592–604. doi: 10.2174/1570159X13666150630171954

 22. Snaith RP, Hamilton M, Morley S, Humayan A, Hargreaves D, Trigwell P. A scale for the assessment of hedonic tone the Snaith-Hamilton Pleasure Scale. Br J Psychiatry. (1995) 167:99–103. doi: 10.1192/bjp.167.1.99

 23. Trivedi MH, Rush AJ, Ibrahim HM, Carmody TJ, Biggs MM, Suppes T, et al. The inventory of depressive symptomatology, clinician rating (IDS-C) and self-report (IDS-SR), and the quick inventory of depressive symptomatology, clinician rating (QIDS-C) and self-report (QIDS-SR) in public sector patients with mood disorders: a psychometric evaluation. Psychol Med. (2004) 34:73–82. doi: 10.1017/S0033291703001107

 24. Ballard ED, Wills K, Lally N, Richards EM, Luckenbaugh DA, Walls T, et al. Anhedonia as a clinical correlate of suicidal thoughts in clinical ketamine trials. J Affect Disord. (2017) 218:195–200. doi: 10.1016/j.jad.2017.04.057

 25. Ford N, Ludbrook G, Galletly C. Benzodiazepines may reduce the effectiveness of ketamine in the treatment of depression. Aust N Z J Psychiatry. (2015) 49:1227. doi: 10.1177/0004867415590631

 26. Frye MA, Blier P, Tye SJ. Concomitant benzodiazepine use attenuates ketamine response: implications for large scale study design and clinical development. J Clin Psychofarmacol. (2015) 35:334–6. doi: 10.1097/JCP.0000000000000316

 27. Andrashko V, Novak T, Brunovsky M, Klirova M, Sos P, Horacek J. The antidepressant effect of ketamine is dampened by concomitant benzodiazepine medication. Front Psychiatry. (2020) 28;11:844. doi: 10.3389/fpsyt.2020.00844

 28. Kokane SS, Armant RJ, Bolaños-Guzmán CA, Perrotti LI. Overlap in the neural circuitry and molecular mechanisms underlying ketamine abuse and its use as an antidepressant. Behav Brain Res. (2020) 384:112548. doi: 10.1016/j.bbr.2020.112548

 29. Michelini S, Cassano GB, Frare F, Perugi G. Long-term use of benzodiazepines: tolerance, dependence and clinical problems in anxiety and mood disorders. Pharmacopsychiatry. (1996) 29:127–34. doi: 10.1055/s-2007-979558

 30. Parker GB, Graham RK. Determinants of treatment-resistant depression: the salience of benzodiazepines. J Nerv Ment Dis. (2015) 203:659–63. doi: 10.1097/NMD.0000000000000348

 31. Parker GB, Graham RK. Clinical characteristics associated with treatment-resistant bipolar disorder. J Nerv Ment Dis. (2017) 205:188–91. doi: 10.1097/NMD.0000000000000517

 32. McShane R, Baldwin DS, McAllister-Williams RH, Stone JM, Taylor D, Winstock AR, et al. Esketamine and the need for a new type of registry for drugs with abuse potential. Am J Psychiatry. (2019) 176:966. doi: 10.1176/appi.ajp.2019.19060631

 33. Wajs E, Aluisio L, Holder R, Daly EJ, Lane R, Lim P, et al. Esketamine nasal spray plus oral antidepressant in patients with treatment-resistant depression: assessment of long-term safety in a phase 3, open-label study (SUSTAIN-2). J Clin Psychiatry. (2020) 81:19m12891. doi: 10.4088/JCP.19m12891

 34. Taipale H, Tiihonen J. Registry-based studies: what they can tell us, and what they cannot. Eur Neuropsychopharmacol. (2021) 45:35–7. doi: 10.1016/j.euroneuro.2021.03.005

Conflict of Interest: AWi has received research support from Angelini, Biogen, Eli Lilly and Company, Janssen- Cilag, Lundbeck, Polpharma, Sanofi and Valeant. MW has received research support from Acadia, Apodemus, Alkermes, Auspex Pharmaceuticals, Cephalon, Ferrier, Forest Laboratories, Gedeon Richter, GWPharma-ceuticals, Janssen, Lundbeck, Orion, Otsuka, Servier; Speaker s Bureau: Lundbeck, Servier. MG-W has received research support from: Janssen, Servier, Alkermes, KCR, Lilly, Biogen, Celon. AWł has received research support from Actavis, Eli Lilly, Minerva Neurosci-ences, Sunovion Pharmaceuticals, KCR, Janssen, Otsuka, Apodemus, Cortexyme, Acadia. WC has received research support from Actavis, Alkermes, Allergan, Angelini, Auspex, Biogen, Bristol-Myers Squibb, Cephalon, Eli Lilly, Ferrier, Forest Laboratories, Gedeon Richter, GW Pharmaceuticals, Janssen, KCR, Lundbeck, Orion, Otsuka, Sanofi, and Ser-vier; he has served on speakers bureaus for Adamed, Angelini, AstraZeneca, Bristol-Myers Squibb, Celon, GlaxoSmithKline, Janssen, Krka, Lekam, Lundbeck, Novartis, Orion, Pfizer, Polfa Tarchomin, Sanofi, Servier, and Zentiva; and he has served as a consultant for GW Pharmaceu-ticals, Janssen, KCR, Quintiles, and Roche.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Wilkowska, Wiglusz, Gałuszko-Wegielnik, Włodarczyk and Cubała. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-12-704330-t001.jpg
Variables Total sample (N = 41)

Mean (SD)
Age 485(14.3)
BMI 275(56)
Episode duration (weeks) 26.9(29.0)
Number of depressive episodes 6.18.1)
Baseline results (before infusion)
SHAPS 96(35)
1DS-30 total 46.7 (13.1)
DS item no. 18 12(12)
Diagnosis N©%)
MDD 28 (68.3%)
8D 13(31.7%)
Sex
Females 26 (63.4%)
Males 15 (36.6%)
Education
Primary 2(4.9%)
Secondary 4(9.8%)
Vocational 16 (39.0%)
Higher 19 (46.3%)
Employment status
Unemployed 8(19.5%)
Pension 16 (39.0%)
Retirement 7(17.1%)
Employed 9(22.0%)
Study 1(2.4%)
Marital status
Single 11(26.8%)
Informal relationship 2(4.9%)
Married 20 (48.8%)
Divorced 5(12.2%)
Widowed 3(7.3%)
Concomitant meds
TCA MDD: 4 (14.3%), BD: 0(0%)
SSRI MDD: 16 (57.1%), BD: 4 (30.8%)
SNRI MDD: 5 (17.9%), BD: 5 (38.5%)
Other MDD: 11 (39.3%), BD: 3 (23.1%)
Antipsychotics MDD: 8 (28.6%), BD: 8 (61.5%)
Mood stabilizers MDD: 10 (36.7%), BD: 10 (76.9%)
Lithium MDD: 0 (0%), BD: 3 (23.1%)
BDZ MDD: 12 (42.9%), BD: 8 (61.5%)

SHAPS, Snaith-Hemilton Pleasure Scale; IDS-SR 30, 30-ftem Inventory for Depressive
Symptomatology—Self Report; SD, standard deviation; BMI, body mass index; MDD,
major depressive disorder; BD, Bipolar disorder; SSRI, selective serotonin reuptake
inhibitors; SNR, serotonin and noradrenaline reuptake inhibitors; AD, antidepressants;
TCA, tricyclic antidepressants; BDZ, benzodiazepines.
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