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Fifty-seven level I trauma center nurses/physicians participated in a 4-day intervention to
learn relaxed alertness using mindfulness-based instructions and EEG neurofeedback.
Neurofeedback was provided by a Bispectral IndexTM (BIS) system that continuously
displays a BIS value (0–100) on the monitor screen. Reductions in the BIS value
indicate that power in a high-frequency band (30–47 Hz) is decreased and power in
an intermediate band (11–20 Hz) is increased. A wellbeing tool with four positive affect
and seven negative affect items based on a 5-category Likert scale was used. The
wellbeing score is the sum of the positive affect items (positive affect score) and the
reverse-scored negative affect items (non-stress score). Of functional concern were four
negative affect items rated as moderately, quite a bit, or extremely in a large percent. Of
greater concern were all four positive affect items rated as very slightly or none at all,
a little, or moderately in over half of the participants. Mean and nadir BIS values were
markedly decreased during neurofeedback when compared to baseline values. Post-
session relaxation scores were higher than pre-session relaxation scores. Post-session
relaxation scores had an inverse relationship with mean and nadir BIS values. Mean
and nadir BIS values were inversely associated with NFB cognitive states (i.e., widening
the visual field, decreasing effort, attention to space, and relaxed alertness). For all
participants, the wellbeing score was higher on day 4 than on day 1. Participants had a
higher wellbeing score on day 4 than a larger group of nurses/physicians who did not
participate in the BIS neurofeedback trial. Eighty percent of participants demonstrated
an improvement in the positive affect or non-stress score on day 4, when compared to
day 1; the wellbeing, non-stress, and positive affect scores were substantially higher
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on day 4 than on day 1. Additionally, for that 80% of participants, the improvements
in wellbeing and non-stress were associated with reductions in day 3 BIS values.
These findings indicate that trauma center nurses/physicians participating in an EEG
neurofeedback trial with mindfulness instructions had improvements in wellbeing.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT03152331.
Registered May 15, 2017.

Keywords: Bispectral Index, BIS monitor, neurofeedback, stress, mindfulness, physicians, nurses

INTRODUCTION

For nurses and physicians, concerns exist relative to emotional
exhaustion, burnout, and job dissatisfaction. In a study of medical
students, residents/fellows, and early career physicians, adverse
manifestation rates were 30–40% for emotional exhaustion, 40–
50% for burnout, 40–60% for depression, 7–9% for suicidal
ideation, and 50–60% for fatigue (Dyrbye et al., 2014).
Similar findings were noted in another investigation assessing
matriculating medical students where the burnout rate was 27%
and the depression rate was 26% (Brazeau et al., 2014). Also of
concern is an investigation of practicing physicians that found the
following rates: 31% for emotional hardening; 55% for burnout;
33% for depression; 10% for suicidal ideation; and 48% for fatigue
(Dyrbye et al., 2013). The rate of emotional exhaustion, a risk
for burnout, has been found to be substantial in nurses in the
United States. Two studies have found mean hospital-based nurse
emotional exhaustion scores of 24.5 and 24.3, indicating that
the magnitude of this emotional exhaustion was present to a
moderate degree (Vahey et al., 2004; Poghosyan et al., 2010).
The United States emotional exhaustion scores are slightly higher
than that found for a Swedish cohort (21) (Lindqvist et al., 2015).
Surveys have indicated that 20–35% of hospital-based nurses have
expressed the intent to leave their current job in the near future
(Vahey et al., 2004; Chang et al., 2007; Lindqvist et al., 2015).

We have been unable to find a single study that includes
United States physicians and nurses and then provides subset
analyses that compare physician to nurse burnout in the
same healthcare environment. However, we can make limited
assessments based on separate studies. The 33% burnout
proportion in a single intensive care unit nurse study (Poncet
et al., 2007) is lower than the 40–55% proportion described
in three physician intensive care and non-intensive care unit
investigations (Embriaco et al., 2007; Dyrbye et al., 2013, 2014).
Data from a systematic review of intensive care unit professionals
(Chuang et al., 2016) indicates that the emotional exhaustion
proportion for nurses has a mean of 32% (5 studies) and
for physicians is 25% (1 study). These emotional exhaustion
proportions are similar to those presented by Dyrbye et al. (2014)
for non-intensive care unit physicians (30–40%). Non-intensive
care unit physician emotional exhaustion scores provided by
Dyrbye et al. (2014) (22–25) are similar to the 2 studies
describing non-intensive care unit nurse emotional exhaustion
scores (24) (Vahey et al., 2004; Poghosyan et al., 2010). The
proportions of depression for non-intensive care unit physicians

is reported to be 33–60% (Dyrbye et al., 2013, 2014), while the
depression proportion for intensive care unit nurses has been
found to be 30% (Mealer et al., 2007). The job dissatisfaction
proportion for non-intensive care unit physicians has been
reported to be 25% (Dyrbye et al., 2013) and 20–35% for non-
intensive care unit nurses (Vahey et al., 2004; Chang et al., 2007;
Lindqvist et al., 2015). We found 3 recent Middle Eastern studies
demonstrating that physician and nurse burnout proportions
and high emotional exhaustion proportions were similar when
the physicians and nurses worked in the same healthcare
environment (Abdo et al., 2016; Hamdan and Hamra, 2017;
Alqahtani et al., 2019). Although burnout nurse and physician
comparisons appear to be relatively similar, precise United States
literature comparisons are mitigated by the lack of a study
that describes both cohorts in the same environment using the
same methodology.

Neurofeedback
Neurofeedback (NFB) has been demonstrated to be potentially
useful for decreasing anxiety (Michael et al., 2005; Dias and van
Deusen, 2011; Cheon et al., 2015) and mitigating manifestations
of alcohol use disorder (Dalkner et al., 2017), tinnitus (Hartmann
et al., 2011; Weisz et al., 2011), and substance abuse (Unterrainer
et al., 2013). Other investigations provided evidence that NFB
enhances attention (Egner and Gruzelier, 2004; Wang and Hsieh,
2013), mood (Raymond et al., 2005), memory (Escolano et al.,
2011), musical performance (Egner and Gruzelier, 2003), and
surgical technique (Ros et al., 2009). NFB is a process in which
an individual learns to intentionally alter their brainwave activity
(Marzbani et al., 2016).

Although NFB has been performed using many diverse
protocols, the following is a description of a commonly
used procedure. Sensors are applied to an individual, and
an electroencephalography (EEG) device computes the power
(square of the microvolt measurement) of frequency bandwidths,
according to cycles per second or Hertz (Hz), as follows: delta
(0.5–4.0 Hz), theta (4–8 Hz), alpha (8–12 Hz), beta (12–30 Hz),
and gamma (>30 Hz) (Marzbani et al., 2016). Commonly, a
reward bandwidth target is chosen by the trainer, such as the
sensorimotor rhythm at 12–15 Hz, which is an intermediate range
associated with relaxed alertness (Gruzelier, 2014; Marzbani et al.,
2016). Additionally, by using non-reward target ranges often set
at 2–6 Hz and 22–36 Hz, a computer monitor screen produces
visual symbolic images as a mechanism for providing moment-
to-moment feedback to the trainee. The visual symbolic images
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change according to whether the bandwidth power is being
increased within the reward or non-reward targets at any given
moment, thus providing the trainee with a simplified pictorial
of symbolic image representations that correlate with brainwave
power functions. An individual is given instructions regarding
desirable and undesirable visual display feedback image signals
and is encouraged to maintain a state that is associated with the
desirable brainwave target.

Over the past 10 years, a few studies have described EEG
manifestations and post-NFB outcomes in nurses and physicians.
Lees published a study in 2016 describing power spectral
density estimates according to various EEG band frequencies
in a cohort of nurses (Lees et al., 2016). Following stress
induction, several band frequency power estimates significantly
changed and were associated with cognitive performance, thus
demonstrating that cognitive functionality can be expressed
according to variations in brainwave activities. A recent study
by Kelm et al. (2018) documented that NFB training enhanced
performance during cardiac arrest simulations in healthcare
providers. The cardiac arrest management teams included
physicians, nurses, respiratory therapists, and pharmacists who
underwent a 4-week period of NFB training. Following NFB
training, cardiac arrest simulations demonstrated that the
timeliness of performing critical patient care interventions
and inter-personal teaming activities significantly improved.
Another recent investigation by Nazer et al. (2018) assessed
medical students who had undergone NFB training over
a 2 month period. Post-test verbal memory scores were
significantly greater, when compared to pre-test values in
the NFB training group, yet there were no changes in the
control cohort. In an older study by Ros et al. (2009), trainee
ophthalmic microsurgeons undergoing NFB training, 8 sessions
for 30 min each, were compared to surgical trainees without
NFB in a simulation laboratory environment. Post-NFB training
demonstrated significant score improvements in surgical skills
and reductions in daily anxiety, when compared to pre-
NFB values.

Mindfulness
Mindfulness training has been associated with reductions in
stress or burnout risk in literature reviews focusing on nurses
(Smith, 2014) or physicians (Regehr et al., 2014) and in
studies that include nurses and physicians (Goodman and
Schorling, 2012; Kemper and Khirallah, 2015). Mindfulness is
an attitudinal expression of receptive awareness, wherein there
is a distinction made between an experience occurring in the
present moment and associated thoughts and interpretations
about that experience. The thinking process itself is observed with
all thoughts being treated as equal in value, without attraction
or rejection (Perlman et al., 2010). Of importance, mindfulness
training can rely on attentional and visio-spatial components,
and on cognitive abilities that can change according to the style
of each subject, e.g., visualizer vs. verbalizer (Oliveri et al., 2012;
Ardila and Rosselli, 2018).

Several attentional factors have been described in the literature
that might also influence mindfulness. Narrow attentional focus
is visual convergence, where specific, central external stimuli

are volitionally selected, often with intense concentration, while
peripheral visual objects are deselected (Fehmi and Shor, 2013;
Sun et al., 2016). Widening the visual scope of attentional
focus has been associated with relaxed attention and a balanced
state of arousal and sympathetic and parasympathetic neural
function (Fehmi and Shor, 2013). Of relevance, evidence has
indicated that increasing the scope of the visual field enhances
alpha brain wave activity with an attendant relaxed state
of alertness (Plotkin, 1976; Fehmi and Shor, 2013). Narrow-
focus attention has also been linked to increased fast brain
wave intensity (increased amplitude in the beta-2 and beta-3
frequency bands) (Fehmi and Shor, 2013). Literature provides
evidence that enhancing one’s awareness of external space
positively influences brainwave activity (Plotkin, 1976; Fehmi and
Shor, 2013; Hinterberger et al., 2014) and enhances relaxation
(Birnbaum, 1978). The nursing literature includes advocacy for
fostering external space awareness as a mechanism for advancing
compassionate care and wholeness (Cowling et al., 2008;
Jonas-Simpson, 2010).

Because of this evidence, the authors created specific
mindfulness instructions (suggestions and prompts) that
appeared likely to foster learning brainwave self-regulation in
our research. The mindfulness instructions were assessed and
found to be efficacious in our previous pilot study (Dunham
et al., 2018). That is, there were substantial reductions in
NFB BIS values, when compared to baseline, indicating
that brainwave self-regulation was occurring following these
mindfulness instructions.

Combining Neurofeedback and
Mindfulness
In 2013, an opinion article advocated combining mindfulness
and NFB as a means for investigating conscious experiences
and interactions between the mind and body (Brandmeyer
and Delorme, 2013). NFB would appear to be a reasonable
method for learning mindfulness, because mindfulness training
can be influenced by attentional and visio-spatial components
and on cognitive abilities that can change according to the style
of each individual (Oliveri et al., 2012; Ardila and Rosselli,
2018). Following the recommendation for combining EEG
NFB and mindfulness (Brandmeyer and Delorme, 2013), 4
relevant investigations have been published from 2016 to 2018.
Of two investigations demonstrating an association between
EEG NFB and mindfulness, one showed a link between NFB
and effortless awareness (van Lutterveld et al., 2017), and
the other showed an association between mindfulness and
an ability to up-regulate sensorimotor rhythm power (Wood
and Kober, 2018). The other two studies demonstrate that
EEG NFB, in conjunction with mindfulness, improve subjective
wellbeing (Bhayee et al., 2016) and decrease stress and anxiety
(Balconi et al., 2018).

In 2017, a pilot study was formulated by the current authors
and conducted to teach nurses and physicians how to enter into
a state of relaxed alertness (receptive awareness) using BIS NFB
(Dunham et al., 2018). To facilitate learning relaxed alertness,
participants were provided with mindfulness instructions that
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might facilitate alterations in attention (cognitive states) during
NFB. In that study, 10 nurse/physician participants underwent
21 learning days. One participant completed 3 learning days
and another participated in 4 learning days. Both participants
had substantial improvements in their wellbeing scores on days
3 and 4 respectively. Further, it was clear from the statistical
analyses that the BIS values substantially decreased during
NFB after the subjects were given the formulated mindfulness
instructions, indicating that brainwave self-regulation had
occurred. On the basis of these findings, the authors re-
designed the study by adding one new item to the wellbeing
tool, a survey that has been validated recently (Dunham et al.,
2019), and establishing a compensation process to incentivize
each participant to take part in 4 learning days. We also felt
that we had sufficient evidence to continue using the same
mindfulness instructions.

Study Aim
The principal objective of the current study was to determine
if NFB participants could learn to self-regulate their brainwave
activities immediately after receiving mindfulness instructions.
We also sought to determine if the subjects would have
improvements in their wellbeing scores on day 4, when
compared to day 1. Additionally, we wanted to determine
if NFB (brainwave self-regulation) was associated with
relaxation by having the subjects rate their state of relaxation
before and after NFB. Because we wanted to find out if
participants were aware of their state of attention or
cognition when brainwave activity changed, we also had
subjects rate each NFB cognitive state according to their
perceptions that the state was associated with reductions
in the BIS values.

MATERIALS AND METHODS

Ethics Statement and Subjects
The St. Elizabeth Youngstown Hospital, Mercy Health
Youngstown, LLC institutional review board (IORG# 0001624)
approved the BIS NFB study and required signed, informed
consent (approval number: 17-006; June 20, 2018). The
institutional review board approved the completion of a long-
term follow-up survey for participants in the BIS NFB study
(approval number: 18-027; August 16, 2018). The institutional
review board approved completion of the 11-item Wellbeing
Inventory by physicians and nurses, without a requirement to
participate in the BIS NFB study, and waived the need for consent
(approval number: 18-031; September 27, 2018). Permission
from the right’s holders of the monitor was not required to
publish our data results.

Physicians (resident, attending, and assistant) and nurses
(registered, practitioner, and anesthetist), employed by St.
Elizabeth Youngstown Hospital Level I Trauma Center, were
welcomed to participate in the learning sessions. Exclusion
criteria were individuals undergoing psychological or psychiatric
counseling or those requiring psychiatric medications.
Participants were compensated and encouraged to partake

in 4 learning days with a minimum of 96 h between each learning
day. Participants were also encouraged to complete the fourth
learning day within 30 days of the first day. During the informed
consent process, each subject was provided with an overview of
the study design as summarized in Figures 1, 2.

Pre-session Assessments
Before session 1 on each learning day, an 11-item St. Elizabeth
Youngstown Hospital Wellbeing Inventory was completed by
each participant (Dunham et al., 2019). The selection of the
items included in the Wellbeing Inventory and the rationale
for creating a new survey tool for hospital-based nurses and
physicians undergoing NFB are described in the publication
that demonstrates its validity (Dunham et al., 2019). The
participants assessed their wellbeing over the most recent
3 days. The 4 positive affect items (restful sleep, energetic,
alert, and enthusiastic) were each ranked as (1) very slightly
or none at all, (2) a little, (3) moderately, (4) quite a bit, or
(5) extremely. The positive affect score was the sum of the
ratings for these 4 items. The 7 negative affect items (irritation,

FIGURE 1 | Mindfulness instructions were provided immediately prior to
Bispectral IndexTM neurofeedback session 1 and session 2. Immediately
following session 2, there was a survey assessment of the relationship
between the subject’s employment of mindfulness instructions and their
perceptions as to whether they were associated with reductions in BIS values.
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FIGURE 2 | Key events and relevant data.

nervousness, overreaction, tension, feeling overwhelmed, feeling
that people were too demanding, and feeling drained) were
each ranked as (5) very slightly or none at all, (4) a little, (3)

moderately, (2) quite a bit, or (1) extremely. The non-stress
score was the sum of the reverse-scored negative affect ratings
for the 7 items.

Frontiers in Psychology | www.frontiersin.org 5 September 2019 | Volume 10 | Article 2153

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-02153 September 24, 2019 Time: 17:44 # 6

Dunham et al. Brainwave Self-Regulation in Physicians and Nurses

The wellbeing score was the sum of the positive affect and
non-stress scores. The 11-item BIS NFB participant Wellbeing
Inventory results were compared to data using the same survey,
collected for survey validation, but completed by a cohort of
nurses and physicians who did not participate in the BIS NFB
study (referred to as non-participants) (Dunham et al., 2019).
In addition to the 11-item Wellbeing Inventory, the BIS NFB
participant’s current state of relaxation was rated as (1) very
slightly or none at all, (2) a little, (3) moderately, (4) quite a bit,
or (5) extremely.

By using a subset of the 11-item Wellbeing Inventory,
an abbreviated, Non-burnout Inventory, was also used for
participant assessments (Dunham et al., 2019). Two positive
affect items (energetic and enthusiasm) and 3 negative affect or
non-stress items (feeling overwhelmed, feeling that people were
too demanding, and drained) were included. The non-burnout
score was the sum of the 2 positive affect items and the 3 non-
stress items. The Non-burnout Inventory score is a continuous
variable where the 3 negative affect items are reverse coded.
The score range is 5–25 with a higher score indicating a lower
risk for burnout.

BIS NFB Sessions
According to the manufacturer’s instructions, the BIS sensor
was applied to the participant’s left or right forehead and
temporal fossa at the discretion of the trainer. Each learning day
consisted of two 12-min BIS NFB sessions, where each session
was preceded by participant mindfulness instructions. Prior to
providing session 1 instructions, participants were oriented to
the BIS monitor screen, and a baseline BIS value was recorded.
The session instructor documented the lowest BIS value observed
during each session minute.

Just before session 1, the following mindfulness instructions
were given, verbatim: “Sit comfortably with your hands
on your legs. Keep your eyes open during the session.
View your brainwave activity in the EEG display (trainer
pointed to the raw EEG display). A BIS value more than
94 indicates fast brainwave activity, wherein attention might
be associated with stress. Note that the BIS number might
decrease by balancing relaxation with attention. Be curious
to explore the feeling of relaxed attention.” Immediately after
receiving these instructions, the first 12-min BIS NFB session
began. A 1- to 2-min break was given between session
1 and session 2.

Just before session 2 began, the following additional
mindfulness instructions were given, verbatim: “Listen to these
suggestions that might foster relaxed attention. Do not think
too intensely. If thoughts arise, gently return your attention
to the activity. Try not to focus too narrowly on the BIS
number and use modest relaxation. Simply observe the BIS
number, accepting each value as it is. In addition to looking
at the BIS number, be aware of the entire monitor display.
Also, notice the space to the left of the monitor. Additionally,
notice the space to the right of the monitor. Gently, be
aware of the spaces to the left and right of the monitor.”
Immediately after receiving these instructions, the second 12-min
BIS NFB session began.

Post-session Assessments
At the conclusion of session 2 on each learning day, the
participants were asked to subjectively rate NFB cognitive states
that seemed to have influenced reductions in BIS values during
sessions 1 and 2. The NFB cognitive states rated were (a)
widening the visual field, (b) decreasing effort, (c) attention
to space, and (d) relaxed alertness. Each NFB cognitive state
was rated as (1) very slightly or none at all, (2) a little, (3)
moderately, (4) quite a bit, or (5) extremely. Following session
2, the participant was also asked to rate their current state of
relaxation, which was rated as (1) very slightly or none at all, (2)
a little, (3) moderately, (4) quite a bit, or (5) extremely.

On only learning day 1, after the post-session surveys,
participants were given practice mindfulness instructions to
apply during everyday activities. The practice instructions were
as follows: “Periodically, apply the following guidelines when you
look at objects or undertake activities (e.g., reading a computer
screen, watching television, and vacuuming). Be curious to
explore the feeling of relaxed attention. Do not think too
intensely. Do not focus too narrowly on the object or activity;
widen your field of vision instead. Simply observe the object or
activity, accepting it as it is. Notice the space to the left of the
object or activity. Notice the space to the right of the object or
activity. Gently, be aware of the space. If thoughts arise, gently
return your attention to your object or activity.”

Long-Term Follow-Up Survey
Each participant was contacted to complete another 11-item
Wellbeing Inventory survey approximately 30 days after learning
day 4. In addition to the wellbeing inventory, participants
were asked the following three interrogatory (yes or no)
questions: (1) Since your last learning day, have you made
an effort to apply what you learned in your daily activities?
(2) Overall, do you believe that your wellbeing has benefited
from learning receptive awareness? (3) Did your participation
stimulate interest in methods of improving your wellbeing? The
authors made two attempts to contact BIS NFB participants to
complete the survey.

Statistical Analyses
Results were entered into an Excel 2010 worksheet (Microsoft
Corp., Redmond, WA, United States) and imported into the
SAS System for Windows, release 9.2 (SAS Institute Inc., Cary,
NC, United States). All mean values are accompanied by their
standard deviations. Two-group proportion comparisons were
assessed using the Fisher exact test. For two-group ordinal rank
data comparisons among the same participants, the mean and
standard deviation, paired t-test result, Cohen d, median, range,
and paired Wilcoxon (signed-rank) test result were assessed. For
comparisons with greater than 2 groups, PROC ANOVA in SAS
was used. For ordinal ranked data comparisons between groups
with different participants, the Wilcoxon rank-sum test was
used. Multivariate regression assessments were performed using
PROC REG in SAS. Correlation analyses were assessed in SAS
using Spearman rank-order procedures. The level of significance
was p < 0.05.
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RESULTS

BIS NFB Participants and Control Group
From July 2018 to October 2018, 57 trauma center
nurses/physicians participated in 4 learning days each, totaling
228 days. Of these BIS NFB participants, there were 11 men
(19.3%) and 46 women (80.7%), and their mean age was
36.5 ± 11.8 years (range 24–67 years). A control group consisted
of 191 nurses/physicians from the same trauma center who did
not participate in the BIS NFB investigation, but completed the
same 11-item Wellbeing Inventory survey (Dunham et al., 2019).

BIS NFB Value Reductions
Baseline BIS was recorded for all 228 learning days. The 5,439 BIS
NFB values were used to compute a mean BIS NFB value for each
of the 228 learning days. Baseline, mean, and nadir BIS values
were similar on days 1, 2, 3, and 4 (see Table 1).

The 228 mean BIS NFB values were lower (90.3 ± 4.5)
than the 228 BIS baseline values (97.5 ± 0.8; paired t-test
p < 0.0001; Cohen d 2.2). The 228 nadir BIS NFB values were
lower (83.9 ± 6.2) than the 228 BIS baseline values (97.5 ± 0.8;
paired t-test p < 0.0001; Cohen d 3.1). The distributions of the
mean and nadir BIS NFB values are shown in Table 2.

For the 57 participants on day 1, the mean BIS NFB values
were lower than the BIS baseline values (paired t-test p < 0.0001;
Cohen d 1.7) as were the nadir BIS NFB values (paired t-test
p < 0.0001; Cohen d 3.1) (see Table 1). In the same 57 participants
on day 1, the session 2 BIS NFB values were lower (89.6 ± 6.0)
than the session 1 values (91.3 ± 5.2; p < 0.0001). For the 57
participants on day 1, the proportion of BIS NFB values that were
≤95 was larger for session 2 (528 [78.6%]) than for session 1 (491
[72.0%]; p = 0.0056; odds ratio [OR] 1.4).

BIS NFB Value Associations
Age had a significant negative association with the mean BIS NFB
values (r = −0.19; p = 0.0051) but no association with the nadir
BIS NFB values (r = −0.08; p = 0.2378). For the 228 learning
days, the post-session relaxation scores were higher (3.6 ± 0.8)
than the pre-session relaxation scores (2.7 ± 0.8; paired t-test
p < 0.0001; Cohen d 1.0; paired Wilcoxon p < 0.0001). For

the 228 learning days, the post-session relaxation scores had an
inverse relationship with the nadir BIS NFB values (r = −0.26;
p < 0.0001) and mean BIS NFB values (r = −0.23; p < 0.0001).

Post-session subjective ratings for NFB cognitive states that
were perceived to influence BIS NFB reductions (widening visual
field, decreasing effort, attention to space, and relaxed alertness)
each had a median of 3.0 (range 1–5). The nadir and mean
BIS NFB values had inverse associations with each of the four
subjective ratings (see Table 3). Multivariate regression analysis
demonstrated that nadir NFB BIS values had an independent
association with relaxed alertness (p < 0.0001) and widening the
visual field (p = 0.0022) and that mean NFB BIS values had an
independent association with relaxed alertness (p < 0.0001) and
decreasing effort (p = 0.0067).

BIS NFB Participants and Wellbeing
Inventory Survey Responses
Of the 114 11-item Wellbeing Inventory surveys completed on
days 1 and 2 of the BIS NFB study, the seven negative affect items
were rated moderately to extremely with a range of 13–41% (see
Table 4). Half of the surveys showed that ≥2 of 7 items were rated
moderately to extremely (see Table 4). The four positive affect
items were rated very slightly or none at all to moderately with a
range of 60–80% (see Table 5). Seventy-five percent of the surveys
showed that ≥3 of 4 items were rated very slightly or none at all to
moderately (see Table 5). For the 228 learning days, the wellbeing
score had a significant association with the pre-session relaxation
score (r = 0.46; p < 0.0001).

Wellbeing Scores on Day 4
For the 57 participants, the 11-item wellbeing score was higher
on day 4, when compared to day 1 (paired t-test p = 0.0056;
paired Wilcoxon p = 0.0067) (see Table 1). The non-stress and
non-burnout scores were also higher on day 4, when compared
to day 1 (see Table 1). Of the 57 participants, 13 (22.8%) failed to
show an improvement in the positive affect or non-stress score on
day 4, when compared to day 1. Of the 13 BIS NFB participants
who did not have an improvement in either the positive affect or
non-stress score on day 4, 6 participants had a day 1 wellbeing
score ≥ 44.

TABLE 1 | BIS values and wellbeing scores for each learning day.

Day 1 Day 2 Day 3 Day 4

n = 57 n = 57 n = 57 n = 57 ANOVA

Baseline BIS 97.4 ± 0.8 97.6 ± 0.8 97.6 ± 0.7 97.5 ± 0.7 p = 0.2651

Mean BIS 90.4 ± 4.2 90.7 ± 4.4 90.2 ± 4.6 90.0 ± 5.0 p = 0.8537

Nadir BIS 84.0 ± 6.0 84.1 ± 4.9 83.7 ± 6.6 83.8 ± 7.2 p = 0.9811

Paired t-test

Wellbeing Score 38.8 ± 5.9 40.1 ± 6.1 41.1 ± 5.4 41.3 ± 5.7 p = 0.0056

Non-stress Score 27.1 ± 4.6 28.4 ± 4.9 29.3 ± 4.2 29.6 ± 4.3 p = 0.0008

Positive Affect Score 11.7 ± 2.7 11.6 ± 2.8 11.8 ± 2.9 11.8 ± 2.7 p = 0.6251

Non-burnout Score 16.8 ± 3.4 17.7 ± 3.3 18.1 ± 2.9 18.3 ± 2.8 p = 0.0036

BIS, Bispectral IndexTM; ANOVA, analysis of variance. Each day, the mean BIS and nadir BIS were lower than the baseline BIS (p < 0.0001). Paired t-tests are comparisons
of day 1 and day 4 values.
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Among the 57 participants, 44 (77.2%; [95% confidence
interval 64.8–86.2%]) demonstrated an improvement in the
positive affect or non-stress score on day 4, when compared to

TABLE 2 | Distributions of 228 mean and nadir BIS NFB values.

Mean BIS

79–90 109 47.8%

91–95 89 39.0%

96–98 30 13.2%

Nadir BIS

55–79 32 14.0%

80–85 113 49.6%

86–92 70 30.7%

93–98 13 5.7%

BIS, Bispectral IndexTM; NFB, neurofeedback.

TABLE 3 | Subjective impression ratings that a NFB cognitive state was helpful in
decreasing the BIS value and their associations with objectively measured nadir
and mean BIS NFB values.

Nadir NFB BIS Mean NFB BIS

Subjective Ratings r-value p-value r-value p-value

Widening Visual Field −0.35 <0.0001 −0.24 0.0003

Decreasing Effort −0.32 <0.0001 −0.41 <0.0001

Attention to Space −0.26 <0.0001 −0.17 0.0095

Relaxing −0.42 <0.0001 −0.47 <0.0001

BIS, Bispectral IndexTM; NFB, neurofeedback.

TABLE 4 | Negative affect item results for learning days 1 and 2 (n = 114).

Negative Affect Items Moderately-to-Extremely

Irritation 34 (29.8%)

Nervousness 30 (26.3%)

Overreaction 15 (13.2%)

Tension 47 (41.2%)

Feeling Overwhelmed 45 (39.5%)

People Too Demanding 30 (26.3%)

Feeling Drained 30 (26.3%)

0 of 7 Items 38 (33.3%)

≥1 of 7 Items 76 (66.7%)

≥2 of 7 Items 60 (52.6%)

≥3 of 7 Items 42 (36.8%)

TABLE 5 | Positive affect item results for learning days 1 and 2 (n = 114).

Positive Affect Items Very Slightly-to-Moderately

Restful Sleep 90 (79.0%)

Energetic 91 (79.8%)

Alert 71 (62.3%)

Enthusiastic 91 (79.8%)

0 of 4 Items 6 (5.3%)

≥1 of 4 Items 108 (94.7%)

≥2 of 4 Items 96 (84.2%)

≥3 of 4 Items 86 (75.4%)

day 1. Of the 44 participants with improved scores, 28 (63.6%)
had their greatest improvement with the non-stress score. In
these 28, the non-stress score was higher on day 4 (30.8 ± 3.2),
when compared to day 1 (25.0 ± 4.6; paired t-test p < 0.0001;
Cohen d 1.5; paired Wilcoxon p < 0.0001). Of the 44 participants
with improved scores, 16 (36.4%) had their greatest improvement
with the positive affect score. In these 16, the positive affect
score was higher on day 4 (13.1 ± 2.3), when compared to day
1 (10.6 ± 2.5; paired t-test p < 0.0001; Cohen d 1.0; paired
Wilcoxon p < 0.0001). For all 44 participants with an improved
score on day 4, the wellbeing, non-stress, positive affect, and non-
burnout scores were significantly higher on day 4 than on day 1
(see Table 6).

Wellbeing Improvements and BIS
Associations
For all 44 participants with an improved score on day 4, the
proportion of minutes with a BIS NFB value ≤95 was greater on
day 4 (790 [75.2%]) than on day 1 plus day 2 (1,472 [70.4%];
p = 0.0052; OR 1.3). For all 44 participants, day 3 BIS NFB
values were dichotomized as ≤95 or ≥96 and nadir values were
dichotomized as <90 or ≥90. Lower day 3 BIS dichotomous
values were associated with greater increases in day 4 minus day
1 wellbeing scores and non-stress scores (see Table 7).

BIS NBF Participants Compared to
Control Group
Nurses/physicians not participating in the BIS NFB study
(control group) completed the 11-item Wellbeing Inventory
(n = 191) (Dunham et al., 2019). The wellbeing scores were
similar for the 191 subjects in the control group and the 57
BIS NFB participants on learning day 1 (see Table 8). On
learning day 4, the wellbeing scores were significantly higher
for the 57 BIS NFB participants than for the control group (see
Table 8). The wellbeing scores were similar for the control group
and the 44 improved-score BIS NFB participants on learning
day 1 (see Table 8). On learning day 4, the wellbeing scores
were significantly higher for the 44 improved-score BIS NFB
participants than for the control group (see Table 8).

Follow-Up Surveys
Of the 24/57 (42.1%) follow-up survey respondents, 4 (16.7%)
did not improve their non-stress or positive affect score on day
4. The 16.7% non-improvement rate in the respondents was
similar to the overall non-improvement rate in the 57 participants
(22.8% [13/57]; p = 0.7660). The mean days following their
fourth learning day were 47 ± 14.6 (28–89). Three interrogatories
were included with the survey. To the question, since the last
learning day, have you made an effort to apply what you learned
in your daily activities?, 21/24 (87.5%) of respondents replied
with a yes. To the question, do you believe that your wellbeing
has benefited from learning receptive awareness?, 22/24 (91.7%)
of respondents replied with a yes. To the question, did your
participation stimulate interest in methods of improving your
wellbeing?, 23/24 (95.8%) of respondents replied with a yes. The
proportion of respondents with an improvement in the wellbeing
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TABLE 6 | Forty four subjects with improved non-stress score or positive affect score on day 4.

Day 1 Day 4 Paired t-test p Paired Wilcoxon p Cohen d

Wellbeing Score 37.9 ± 5.7 42.6 ± 4.8 <0.0001 <0.0001 0.9

Non-stress Score 26.7 ± 4.7 30.9 ± 3.3 <0.0001 <0.0001 1.0

Positive Affect Score 11.2 ± 2.7 12.1 ± 2.5 0.0060 0.0096 0.4

Non-burnout Score 16.2 ± 3.2 18.9 ± 2.3 <0.0001 0.0001 1.0

TABLE 7 | Associations of day 4 minus day 1 wellbeing scores and non-stress
scores with day 3 BIS values in 44 subjects with improved non-stress or positive
affect scores on day 4.

Each Day 3 BIS Value Minutes Wellbeing Difference Wilcoxon p

Day 4 Wellbeing Score minus Day 1 Wellbeing Score

≤95 755 5.0 ± 4.9

≥96 296 4.2 ± 5.4 0.0189

Each Day 3 BIS Nadir Subjects Wellbeing Difference Wilcoxon p

<90 35 5.5 ± 4.7

≥90 9 1.8 ± 5.6 0.0466

Each Day 3 BIS Value Minutes Non-stress Difference Wilcoxon p

Day 4 Non-stress Score minus Day 1 Non-stress Score

≤95 755 4.4 ± 4.3

≥96 296 2.9 ± 4.9 <0.0001

Each Day 3 BIS Nadir Subjects Non-stress Difference Wilcoxon p

<90 35 4.7 ± 4.1

≥90 9 1.1 ± 5.5 0.0327

BIS, Bispectral Index.TM

score from day 1 to day 4 was 18/24 (75.0%). Of these 18,
the wellbeing score at follow-up was the same or higher in 8
(44.4%), when compared to that on day 4. The time from day 4 to
follow-up for these 8 respondents was 54.6 ± 15.2 days (range 32–
76). The proportion of respondents with an increased wellbeing
score on the follow-up day, when compared to day 1, was 11/24
(45.8%). The proportion of respondents with an increased or
same wellbeing score on the follow-up day, when compared to
day 4, was 16/24 (66.7%).

DISCUSSION

BIS NFB Value Reductions
The mean and nadir BIS NFB values from the 228 learning
days were substantially reduced compared to baseline BIS
values. This demonstrates the ability of the participants to self-
regulate brainwave activity during the learning sessions in a
compelling manner. Such findings were observed on learning
day 1, implying that self-regulated brainwave alterations were
quickly learned. The greater reductions in BIS NFB values
during session 2 compared to session 1 suggest that learning
is progressive with additional experience. It is also likely that
the additional mindfulness instructions given before session
2 provide additional suggestions, and thus, opportunities and

TABLE 8 | Comparisons of wellbeing scores in BIS NFB subjects
and control group.

Control Group NFB – Day 1 p-value Cohen d

n = 191 n = 57

Wellbeing Score Comparisons for Day 1 BIS NFB Subjects

Wellbeing Score 37.0 ± 7.5 38.8 ± 5.9 0.1074 0.3

Control Group NFB – Day 4 p-value Cohen d

n = 191 n = 57

Wellbeing Score Comparisons for Day 4 BIS NFB Subjects

Wellbeing Score 37.0 ± 7.5 41.3 ± 5.7 <0.0001 0.7

Control Group NFB – Day 1 p-value Cohen d

n = 191 n = 44

Wellbeing Score Comparisons for Day 1 BIS NFB (subjects with improved
day 4 scores)

Wellbeing Score 37.0 ± 7.5 37.9 ± 5.7 0.4174 0.1

Control Group NFB – Day 4 p-value Cohen d

n = 191 n = 44

Wellbeing Score Comparisons for Day 4 BIS NFB (subjects with improved
day 4 scores)

Wellbeing Score 37.0 ± 7.5 42.6 ± 4.8 <0.0001 0.9

BIS, Bispectral IndexTM; NFB, neurofeedback.

options for altering attention. The mean and nadir BIS NFB
values did not substantially differ from day 1 to day 4,
likely due to the prompt learning of self-regulated brainwave
alterations on day 1.

The subjects understood that the goal during NFB was
to decrease their BIS values, with the implication that they
would be entering a state of relaxed alertness. The mindfulness
instructions were prompts or suggestions provided to the subjects
as attentional adjustments that could be employed during NFB
as potential mechanisms for self-regulating brainwave activity.
Brainwave self-regulation was documented to occur during the
NFB sessions in that mean and nadir BIS values were substantially
decreased, when compared to baseline values. Based on the
extensive knowledge regarding the BIS monitor, it is reasonable
to consider that a state of relaxed alertness exists when BIS
values decrease (Glass et al., 1997; Zhong et al., 2005; Haberland
et al., 2011). This view is also supported because subjects had
perceptions of increased relaxation immediately following NFB.

BIS NFB Value Associations
The mean BIS values had a significant inverse relationship with
age. This finding suggests that younger participants were less
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successful in self-regulating brainwave activities or entering into
a state of relaxed alertness. The post-session relaxation scores
were higher than pre-session relaxation scores, indicating that
the BIS NFB process was associated with an enhanced state
of relaxation immediately after the intervention. The inverse
association between the post-session relaxation scores and the
nadir and mean BIS NFB values further link the degree of
relaxation to the degree of self-regulation of brainwave activities.

Also of interest were the inverse associations among nadir
and means BIS NFB values and the NFB cognitive states
(widening the visual field, decreasing effort, attention to space,
and relaxed alertness). The multivariate regression analysis
suggests that relaxed alertness is the most apparent NFB cognitive
state for self-regulating brainwave activities. Learning brainwave
self-regulation and relaxed alertness was documented to have
occurred, because the subjects’ perceptions that mindfulness
prompts were associated with BIS value reductions was
corroborated using correlation statistical analyses. That is, the
subjects were able to pay attention to their style of attention and
determine, in-the-moment, when those effects were associated
with BIS reductions. In summary, these observations suggest that
participants were able to associate styles of paying attention to
actual changes in brainwave activities, fostering the notion that
learning was indeed taking place.

BIS Monitoring as a Model for NFB
The Food and Drug Administration classifies the BIS monitor
as an EEG monitoring device that monitors EEG signals,
and it may be used to monitor the effects of anesthetic and
sedating agents. The credibility and validity of the BIS device
for monitoring general anesthesia and conscious sedation are
supported by more than 2,500 citations in the National Library
of Medicine, which includes publications in the New United
Kingdom Journal of Medicine (Avidan et al., 2008) and Cochrane
Systematic Review (Punjasawadwong et al., 2014). Several studies
have demonstrated significant associations between BIS monitor
values (0–100) and clinical status with use of the Modified
Observer’s Assessment of Alertness/Sedation Scale in patients
undergoing general anesthesia (Glass et al., 1997; Zhong et al.,
2005) or conscious sedation (Haberland et al., 2011).

Reductions in BIS values have also been found for conditions
other than pharmacologic sedation and include acupressure
(Fassoulaki et al., 2007), stage I sleep (Tung et al., 2002; Benini
et al., 2005; Dahaba et al., 2011), guided imagery relaxation
(Hudetz et al., 2004), restricted external stimulation therapy
(flotation) (Dunham et al., 2017), and video relaxation (Tsutsumi
et al., 2017). For BIS values between 60 and 100, the level
highly correlates (r = 0.90; p < 0.01) with the ratio of power
in a brainwave band with high frequency (30–47 Hz) relative
to a lower frequency band (11–20 Hz) (Morimoto et al., 2004).
That is, as the BIS value (the symbolic image being displayed)
decreases, there is a relative linear reduction in the high frequency
brainwave power relative to lower frequency brainwave power.
In other words, BIS values are expressions of relative power in
select frequency bandwidths. The user friendliness of the BIS
monitor, the practical and reliable application of BIS sensors, and
a single BIS value that represents the power of high-frequency

band waves relative to the power of intermediate-frequency band
waves facilitates data management are likely to appeal to other
NFB investigators.

Wellbeing Inventory Survey Responses
Of functional concern was the 4 negative affect items (tension,
feeling overwhelmed, feeling that people were too demanding,
and feeling drained) rated as moderately, quite a bit, or extremely
by the trauma center nurses/physicians. Each of these negative
affect items had an occurrence that ranged from 21 to 35%. Also
of concern was the observation that 2 or more of the 7 negative
affect items were rated as moderately, quite a bit, or extremely
in 40% of the participants, and 3 or more of the negative affect
items in 30%. Of greater concern were positive affect rankings,
where restful sleep, energetic, alert, and enthusiastic items were
rated as very slightly or none at all, a little, or moderately in 60–
80% of participants. The pervasiveness of this finding is expressed
by the observation that three-quarters of the participants had at
least 3 of the 4 positive affect items rated as very slightly or none
at all, a little, or moderately. These findings are consistent with
other studies’ findings demonstrating that nurses and physicians
have substantial burdens of emotional exhaustion, burnout, and
job dissatisfaction that are associated with positive affect and
negative affect (Agho, 1993; Vahey et al., 2004; Chang et al., 2007;
Poghosyan et al., 2010; Dyrbye et al., 2013, 2014; Brazeau et al.,
2014; Lindqvist et al., 2015; Dunham et al., 2019).

The 11-item Wellbeing Inventory survey has been validated,
following the current study, according to psychometric properties
and concurrent validity correlation with the Positive and
Negative Affect Schedule (Dunham et al., 2019). It is of interest
that the wellbeing score had a significant association with
the pre-session relaxation score. That is, this finding provides
additional evidence that the 11-item Wellbeing Inventory is a
valid survey tool.

Wellbeing Scores on Day 4
For the 57 nurse/physician participants, the 11-item Wellbeing
Inventory score was higher on day 4 than on day 1, suggesting an
overall benefit for those partaking in 4 BIS NFB days. Of the 57
participants, 20% failed to show an improvement in the positive
affect or non-stress score on day 4 compared to day 1. Of the
13 participants who did not have an improvement in either the
positive affect or non-stress score on day 4, six participants had
a day 1 wellbeing score ≥44. Because the 11-item average rating
would have been 4, it is improbable that these participants would
have improved their day 4 score when compared to day 1.This
suggests that approximately 10% of eligible nurse/physician
candidates are unlikely to benefit from BIS NFB. If these 6
participants were removed from consideration, the observed
improvement rates in positive affect or non-stress score would
have increased to nearly 90%. Evidence also exists in the literature
that some subjects do not seem to be able to learn brainwave
self-regulation, as nearly one-third could not create alpha down-
regulation (Nan et al., 2018).

Of the 44 participants with improved scores, 60% had their
greatest improvement with the non-stress score, where non-stress
score differences on day 4 were markedly higher than those
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on day 1. These findings indicate that irritation, nervousness,
overreaction, tension, feeling overwhelmed, feeling that people
were too demanding, and feeling drained were less of a problem
on day 4. Of the 44 participants with improved scores, 40%
had their greatest improvement with the positive affect score,
where positive affect score differences on day 4 were substantially
greater than those on day 1. These observations indicate that
restful sleep and feeling more energetic, alert, and enthusiastic
were experienced to a greater degree. These data representations
provide an expression of maximal benefit according to positive
affect and negative affect sub-domains, which have been
recognized in the literature (Watson and Tellegen, 1985).

For all 44 participants with an improved positive affect or
non-stress score on day 4, the wellbeing, non-stress, positive
affect, and non-burnout scores were higher on day 4 than
on day 1. The day 4 differences for the wellbeing, non-
stress, and non-burnout scores were quite compelling, whereas
the positive affect improvements were less dramatic, although
still statistically significant. Positive affect has been recognized
by other researchers as distinct from negative affect from a
psychopathological standpoint and as fundamentally different
processes (Watson and Tellegen, 1985). Further, compared to
negative affect, positive affect has been found to better correlate
with hospital-based nurses in regard to job satisfaction (Agho,
1993). The improvement in positive affect in this cohort is of
potential importance, because Agho has demonstrated that job
satisfaction in hospital-based nurses is associated with positive
affect (Agho, 1993). Improvements in the non-burnout scores
are potentially important, since hospital-based nurse studies
demonstrate that emotional exhaustion is common (Vahey et al.,
2004) and reducing burnout may be an effective strategy for
improving quality of care (Poghosyan et al., 2010).

Wellbeing Improvements and BIS
Associations
For the participants with an improved positive affect or non-
stress score on day 4, the proportion of minutes with a decreased
BIS NFB value was greater on day 4 than on day 1 plus day 2.
These data indicate that BIS NFB value reduction was progressive
as the learning days increased, despite the substantial reduction
in values that occurred on day 1. The improvement in the day
4 wellbeing score minus the day 1 wellbeing score difference
was greater for the day 3 NFB BIS values that were reduced,
when compared to values without a reduction. This finding
demonstrates that improvements in day 4 wellbeing scores,
relative to day 1, are related to lower day 3 BIS values or more
effective brainwave alterations. It seems likely that day 3 values
are likely to be, in part, a reflection of learning relaxed alertness on
days 1 and 2 and obviously antedates the day 4 wellbeing scores.
These data represent a linkage between the degree of day 3 BIS
NFB alterations and the level of wellbeing improvements on day
4 as compared to day 1 values. Supportive results were also found
in the relationship of day 3 nadir BIS NFB and day 4 wellbeing
increments. The identification of associations between the day 3
BIS NFB decrements and improvements in the day 4 non-stress
scores also supports such a relationship.

BIS NFB Participants Compared to
Control Group
The similarities of the wellbeing scores between the 57 day 1
BIS NFB participants and the control group suggest that the
NFB participants were representative of a larger nurse/physician
population. The higher wellbeing scores on day 4 of the 57
BIS NFB participants, when compared to the control group,
suggest that the participants had improvements in wellbeing by
participating in learning relaxed alertness (receptive awareness).
Similar observations were made when only the 44 participants
with day 4 improvements in positive affect or non-stress
scores were assessed. These findings add supportive evidence
that participation in the NFB sessions were beneficial to
nurse/physician wellbeing.

Follow-Up Surveys
The proportions of participants who failed to improve the non-
stress or positive affect score on day 4 were similar for the
follow-up survey respondents and the total group, suggesting
that the respondents were representative of the parent group. Of
the respondents, 90% indicated that they had and continued to
benefit from learning receptive awareness, an experience that also
stimulated their general interest in improving personal wellbeing.
Certainly, these subjective testimonials are in harmony with
the objective evidence provided by the study results, further
indicating that participants experienced a benefit from the BIS
NFB interventions.

Nearly 70% of survey respondents had an increased or same
wellbeing score on the follow-up day, when compared to day 4,
indicating that wellbeing was relatively durable and sustainable
for well over a month following the NFB intervention. For the
three-quarters of respondents with an improvement in wellbeing
from day 1 to day 4, the follow-up wellbeing score nearly
2 months later was the same or higher as that on day 4 in
40%. These observations suggest that improvements in wellbeing
with BIS NFB are preserved for a lengthy period in a substantial
percentage of participants.

Limitations
The biggest limitation of this study is that there was no wellbeing
score follow-up for the cohort (191 nurses/physicians) that did
not participate in the BIS NFB study. It would have been optimal
to have a wellbeing survey completed approximately 3–4 weeks
after the initial survey in the same non-participants to establish
normal variances in nurse/physician wellbeing. If the subsequent
wellbeing scores did not significantly increase, this would have
provided additional evidence for a benefit with the BIS NFB
intervention. Another limitation is the lack of more extensive
epidemiological data for the BIS NFB participants. However, we
believe that the minimal epidemiologic data, age and sex, likely
enhance study recruitment by respecting participant privacy.

CONCLUSION

The marked reductions in BIS values during NFB indicate
that brainwave self-regulation was prominent and could be
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rapidly learned. The mindfulness instructions were prompts or
suggestions provided to the subjects immediately prior to NFB
as potential attentional adjustments that could be employed
during NFB for altering their state of consciousness and
self-regulating brainwave activity. The inverse associations of
BIS reductions with ratings of their cognitive state following
mindfulness instructions imply that the participants were
simultaneously aware of brainwave alterations and their cognitive
state. Therefore, this evidence suggests that participants were
indeed paying attention to how they paid attention and
learning brainwave self-regulation. Based on the extensive
knowledge regarding the BIS monitor, it is reasonable to
consider that a state of relaxed alertness exists when BIS
values decrease. This view is also supported because subjects
had perceptions of increased relaxation immediately following
NFB. The survey responses indicate that the level I trauma
center BIS NFB participants had concerning positive affect
and negative affect findings. Multiple analyses in the current
study indicate that participants had improvements in wellbeing
as the BIS NFB interventions progressed. The association
of the pre-session wellbeing and relaxation scores is an
additional indication of validity in regard to the Wellbeing
Inventory survey.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Institutional Review Board, Mercy Health
Youngstown, LLC. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

CD, AB, BH, EC, AH, CK, LD, JT, and PL contributed to the
conception and design of the study. BH and EC conducted
the neurofeedback sessions and documented the data (informed
consent, Bispectral IndexTM values, and all surveys). CD
performed data entry and statistical analysis, and organized
physician and nurse wellbeing data for those not participating
in the neurofeedback study. CD, AB, BH, and EC reviewed the
initial data results. CD wrote the first draft of the manuscript.
All authors contributed to the manuscript revision, and read and
approved the submitted version.

ACKNOWLEDGMENTS

The authors wish to thank Marina C. Hanes, BA, ELS for
copyediting the manuscript. The authors also want to thank Eric
S. Emerick for assisting with assessing literature regarding life
dissatisfaction and for participating in the development of the
neurofeedback-mindfulness model.

REFERENCES
Abdo, S. A., El-Sallamy, R. M., El-Sherbiny, A. A., and Kabbash, I. A. (2016).

Burnout among physicians and nursing staff working in the emergency hospital
of Tanta University. Egypt. East. Mediterr. Health J. 21, 906–915. doi: 10.26719/
2015.21.12.906

Agho, A. O. (1993). The moderating effects of dispositional affectivity on
relationships between job characteristics and nurses’ job satisfaction. Res. Nurs.
Health 16, 451–458. doi: 10.1002/nur.4770160609

Alqahtani, A. M., Awadalla, N. J., Alsaleem, S. A., Alsamghan, A. S., and
Alsaleem, M. A. (2019). Burnout syndrome among emergency physicians
and nurses in abha and khamis mushait cities, aseer region, southwestern
Saudi Arabia. ScientificWorldJournal 2019:4515972. doi: 10.1155/2019/451
5972

Ardila, A., and Rosselli, M. (2018). Cognitive world: neuropsychology of individual
differences. Appl. Neuropsychol. Adult 25, 29–37. doi: 10.1080/23279095.2016.
1232264

Avidan, M. S., Zhang, L., Burnside, B. A., Finkel, K. J., Searleman, A. C., Selvidge,
J. A., et al. (2008). Anesthesia awareness and the bispectral index. N. Engl. J.
Med. 358, 1097–1108. doi: 10.1056/NEJMoa0707361

Balconi, M., Fronda, G., and Crivelli, D. (2018). Effects of technology-mediated
mindfulness practice on stress: psychophysiological and self-report measures.
Stress 22, 200–209. doi: 10.1080/10253890.2018.1531845

Benini, F., Trapanotto, M., Sartori, S., Capretta, A., Gobber, D., Boniver, C., et al.
(2005). Analysis of the bispectral index during natural sleep in children. Anesth.
Analg. 101, 641–644, table of contents. doi: 10.1213/01.ane.0000157566.41739.
2c

Bhayee, S., Tomaszewski, P., Lee, D. H., Moffat, G., Pino, L., Moreno, S.,
et al. (2016). Attentional and affective consequences of technology supported
mindfulness training: a randomised, active control, efficacy trial. BMC Psychol.
4:60. doi: 10.1186/s40359-016-0168-166

Birnbaum, M. H. (1978). Holistic aspects of visual style: a hemispheric model with
implications for vision therapy. J. Am. Optom. Assoc. 49, 1133–1141.

Brandmeyer, T., and Delorme, A. (2013). Meditation and neurofeedback. Front.
Psychol. 4:688. doi: 10.3389/fpsyg.2013.00688

Brazeau, C. M., Shanafelt, T., Durning, S. J., Massie, F. S., Eacker, A., Moutier,
C., et al. (2014). Distress among matriculating medical students relative
to the general population. Acad. Med. 89, 1520–1525. doi: 10.1097/acm.
0000000000000482

Chang, E. M., Bidewell, J. W., Huntington, A. D., Daly, J., Johnson, A., Wilson,
H., et al. (2007). A survey of role stress, coping and health in Australian and
New Zealand hospital nurses. Int. J. Nurs. Stud. 44, 1354–1362. doi: 10.1016/j.
ijnurstu.2006.06.003

Cheon, E. J., Koo, B. H., Seo, W. S., Lee, J. Y., Choi, J. H., and Song, S. H.
(2015). Effects of neurofeedback on adult patients with psychiatric disorders in
a naturalistic setting. Appl. Psychophysiol. Biofeedback 40, 17–24. doi: 10.1007/
s10484-015-9269-x

Chuang, C. H., Tseng, P. C., Lin, C. Y., Lin, K. H., and Chen, Y. Y. (2016). Burnout
in the intensive care unit professionals: a systematic review. Medicine 95:e5629.
doi: 10.1097/md.0000000000005629

Cowling, W. R. III, Smith, M. C., and Watson, J. (2008). The power of wholeness,
consciousness, and caring a dialogue on nursing science, art, and healing. ANS
Adv. Nurs. Sci. 31, E41–E51. doi: 10.1097/01.ANS.0000311535.11683.d1

Dahaba, A. A., Xue, J. X., Xu, G. X., Liu, Q. H., and Metzler, H. (2011). Bilateral
Bispectral Index (BIS)-Vista as a measure of physiologic sleep in sleep-deprived
anesthesiologists. Minerva Anestesiol. 77, 388–393.

Dalkner, N., Unterrainer, H. F., Wood, G., Skliris, D., Holasek, S. J., Gruzelier,
J. H., et al. (2017). Short-term beneficial effects of 12 sessions of neurofeedback
on avoidant personality accentuation in the treatment of alcohol use disorder.
Front. Psychol. 8:1688. doi: 10.3389/fpsyg.2017.01688

Dias, A. M., and van Deusen, A. (2011). A new neurofeedback protocol for
depression. Span. J. Psychol. 14, 374–384. doi: 10.5209/rev_sjop.2011.v14.n1.34

Frontiers in Psychology | www.frontiersin.org 12 September 2019 | Volume 10 | Article 2153

https://doi.org/10.26719/2015.21.12.906
https://doi.org/10.26719/2015.21.12.906
https://doi.org/10.1002/nur.4770160609
https://doi.org/10.1155/2019/4515972
https://doi.org/10.1155/2019/4515972
https://doi.org/10.1080/23279095.2016.1232264
https://doi.org/10.1080/23279095.2016.1232264
https://doi.org/10.1056/NEJMoa0707361
https://doi.org/10.1080/10253890.2018.1531845
https://doi.org/10.1213/01.ane.0000157566.41739.2c
https://doi.org/10.1213/01.ane.0000157566.41739.2c
https://doi.org/10.1186/s40359-016-0168-166
https://doi.org/10.3389/fpsyg.2013.00688
https://doi.org/10.1097/acm.0000000000000482
https://doi.org/10.1097/acm.0000000000000482
https://doi.org/10.1016/j.ijnurstu.2006.06.003
https://doi.org/10.1016/j.ijnurstu.2006.06.003
https://doi.org/10.1007/s10484-015-9269-x
https://doi.org/10.1007/s10484-015-9269-x
https://doi.org/10.1097/md.0000000000005629
https://doi.org/10.1097/01.ANS.0000311535.11683.d1
https://doi.org/10.3389/fpsyg.2017.01688
https://doi.org/10.5209/rev_sjop.2011.v14.n1.34
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-02153 September 24, 2019 Time: 17:44 # 13

Dunham et al. Brainwave Self-Regulation in Physicians and Nurses

Dunham, C. M., Burger, A. L., Hileman, B. M., and Chance, E. A. (2018). Learning
receptive awareness via neurofeedback in stressed healthcare providers: a
prospective pilot investigation. BMC Res. Notes 11:645. doi: 10.1186/s13104-
018-3756-3750

Dunham, C. M., Burger, A. L., Hileman, B. M., and Chance, E. A. (2019).
Psychometric properties of the St. Elizabeth Youngstown hospital wellbeing
inventory and non-burnout inventory for physicians and nurses. BMC Psychol.
7:36. doi: 10.1186/s40359-019-0316-x

Dunham, C. M., McClain, J. V., and Burger, A. (2017). Comparison of bispectral
index values during the flotation restricted environmental stimulation
technique and results for stage I sleep: a prospective pilot investigation. BMC
Res. Notes 10:640. doi: 10.1186/s13104-017-2947-2944

Dyrbye, L. N., Satele, D., Sloan, J., and Shanafelt, T. D. (2013). Utility of a brief
screening tool to identify physicians in distress. J. Gen. Intern. Med. 28, 421–427.
doi: 10.1007/s11606-012-2252-9

Dyrbye, L. N., West, C. P., Satele, D., Boone, S., Tan, L., Sloan, J., et al. (2014).
Burnout among U.S. medical students, residents, and early career physicians
relative to the general U.S. population. Acad. Med. 89, 443–451. doi: 10.1097/
acm.0000000000000134

Egner, T., and Gruzelier, J. H. (2003). Ecological validity of neurofeedback:
modulation of slow wave EEG enhances musical performance. Neuroreport 14,
1221–1224. doi: 10.1097/01.wnr.0000081875.45938.d1

Egner, T., and Gruzelier, J. H. (2004). EEG biofeedback of low beta band
components: frequency-specific effects on variables of attention and event-
related brain potentials. Clin. Neurophysiol. 115, 131–139. doi: 10.1016/s1388-
2457(03)00353-5

Embriaco, N., Papazian, L., Kentish-Barnes, N., Pochard, F., and Azoulay, E.
(2007). Burnout syndrome among critical care healthcare workers. Curr. Opin.
Crit. Care 13, 482–488. doi: 10.1097/MCC.0b013e3282efd28a

Escolano, C., Aguilar, M., and Minguez, J. (2011). EEG-based upper alpha
neurofeedback training improves working memory performance. Conf. Proc.
IEEE Eng. Med. Biol. Soc. 2011, 2327–2330. doi: 10.1109/iembs.2011.6090651

Fassoulaki, A., Paraskeva, A., Kostopanagiotou, G., Tsakalozou, E., and
Markantonis, S. (2007). Acupressure on the extra 1 acupoint: the effect on
bispectral index, serum melatonin, plasma beta-endorphin, and stress. Anesth.
Analg. 104, 312–317. doi: 10.1213/01.ane.0000250911.43942.4e

Fehmi, L. G., and Shor, S. B. (2013). Open focus attention training. Psychiatr. Clin.
North Am. 36, 153–162. doi: 10.1016/j.psc.2013.01.003

Glass, P. S., Bloom, M., Kearse, L., Rosow, C., Sebel, P., and Manberg, P.
(1997). Bispectral analysis measures sedation and memory effects of propofol,
midazolam, isoflurane, and alfentanil in healthy volunteers. Anesthesiology 86,
836–847. doi: 10.1097/00000542-199704000-00014

Goodman, M. J., and Schorling, J. B. (2012). A mindfulness course decreases
burnout and improves well-being among healthcare providers. Int. J. Psychiatry
Med. 43, 119–128. doi: 10.2190/pm.43.2.b

Gruzelier, J. H. (2014). Differential effects on mood of 12-15 (SMR) and 15-18
(beta1) Hz neurofeedback. Int. J. Psychophysiol. 93, 112–115. doi: 10.1016/j.
ijpsycho.2012.11.007

Haberland, C. M., Baker, S., and Liu, H. (2011). Bispectral index monitoring of
sedation depth in pediatric dental patients. Anesth. Prog. 58, 66–72. doi: 10.
2344/0003-3006-58.2.66

Hamdan, M., and Hamra, A. A. (2017). Burnout among workers in emergency
Departments in Palestinian hospitals: prevalence and associated factors. BMC
Health Serv. Res. 17:407. doi: 10.1186/s12913-017-2356-2353

Hartmann, T., Schulz, H., and Weisz, N. (2011). Probing of brain states in real-
time: introducing the ConSole environment. Front. Psychol. 2:36. doi: 10.3389/
fpsyg.2011.00036

Hinterberger, T., Schmidt, S., Kamei, T., and Walach, H. (2014). Decreased
electrophysiological activity represents the conscious state of emptiness in
meditation. Front. Psychol. 5:99. doi: 10.3389/fpsyg.2014.00099

Hudetz, J. A., Hudetz, A. G., and Reddy, D. M. (2004). Effect of relaxation on
working memory and the bispectral index of the EEG. Psychol. Rep. 95, 53–70.
doi: 10.2466/pr0.95.1.53-70

Jonas-Simpson, C. (2010). Awakening to space consciousness and timeless
transcendent presence. Nurs. Sci. Q. 23, 195–200. doi: 10.1177/
0894318410371848

Kelm, D. J., Ridgeway, J. L., Gas, B. L., Mohan, M., Cook, D. A., Nelson, D. R.,
et al. (2018). Mindfulness meditation and interprofessional cardiopulmonary

resuscitation: a mixed-methods pilot study. Teach. Learn Med. 30, 433–443.
doi: 10.1080/10401334.2018.1462186

Kemper, K. J., and Khirallah, M. (2015). Acute effects of online mind-body skills
training on resilience, mindfulness, and empathy. J. Evid. Based Complement.
Altern. Med. 20, 247–253. doi: 10.1177/2156587215575816

Lees, T., Khushaba, R., and Lal, S. (2016). Electroencephalogram associations to
cognitive performance in clinically active nurses. Physiol. Meas. 37, 968–980.
doi: 10.1088/0967-3334/37/7/968

Lindqvist, R., Smeds Alenius, L., Griffiths, P., Runesdotter, S., and Tishelman, C.
(2015). Structural characteristics of hospitals and nurse-reported care quality,
work environment, burnout and leaving intentions. J. Nurs. Manag. 23, 263–
274. doi: 10.1111/jonm.12123

Marzbani, H., Marateb, H. R., and Mansourian, M. (2016). Neurofeedback: a
comprehensive review on system design, methodology and clinical applications.
Basic Clin. Neurosci. 7, 143–158. doi: 10.15412/j.bcn.03070208

Mealer, M. L., Shelton, A., Berg, B., Rothbaum, B., and Moss, M. (2007). Increased
prevalence of post-traumatic stress disorder symptoms in critical care nurses.
Am. J. Respir. Crit. Care Med. 175, 693–697. doi: 10.1164/rccm.200606-735oc

Michael, A. J., Krishnaswamy, S., and Mohamed, J. (2005). An open label study of
the use of EEG biofeedback using beta training to reduce anxiety for patients
with cardiac events. Neuropsychiatr. Dis. Treat 1, 357–363.

Morimoto, Y., Hagihira, S., Koizumi, Y., Ishida, K., Matsumoto, M., and Sakabe, T.
(2004). The relationship between bispectral index and electroencephalographic
parameters during isoflurane anesthesia. Anesth. Analg. 98, 1336–1340. doi:
10.1213/01.ane.0000105867.17108.b6

Nan, W., Wan, F., Tang, Q., Wong, C. M., Wang, B., and Rosa, A. (2018).
Eyes-Closed resting EEG predicts the learning of alpha down-regulation
in neurofeedback training. Front. Psychol. 9:1607. doi: 10.3389/fpsyg.2018.
01607

Nazer, M., Mirzaei, H., and Mokhtaree, M. (2018). Effectiveness of neurofeedback
training on verbal memory, visual memory and self-efficacy in students.
Electron. Physician 10, 7259–7265. doi: 10.19082/7259

Oliveri, S., Incorpora, C., Genevini, M., Santagostino, L., Tettamanti, L., Antonietti,
A., et al. (2012). Clinical investigation of cognitive styles in patients with
acquired brain damage. Neuropsychol. Rehabil. 22, 362–373. doi: 10.1080/
09602011.2011.647416

Perlman, D. M., Salomons, T. V., Davidson, R. J., and Lutz, A. (2010). Differential
effects on pain intensity and unpleasantness of two meditation practices.
Emotion 10, 65–71. doi: 10.1037/a0018440

Plotkin, W. B. (1976). On the self-regulation of the occipital alpha rhythm: control
strategies, states of consciousness, and the role of physiological feedback. J. Exp.
Psychol. Gen. 105, 66–99. doi: 10.1037//0096-3445.105.1.66

Poghosyan, L., Clarke, S. P., Finlayson, M., and Aiken, L. H. (2010). Nurse burnout
and quality of care: cross-national investigation in six countries. Res. Nurs.
Health 33, 288–298. doi: 10.1002/nur.20383

Poncet, M. C., Toullic, P., Papazian, L., Kentish-Barnes, N., Timsit, J. F., Pochard,
F., et al. (2007). Burnout syndrome in critical care nursing staff. Am. J. Respir.
Crit. Care Med. 175, 698–704. doi: 10.1164/rccm.200606-806OC

Punjasawadwong, Y., Phongchiewboon, A., and Bunchungmongkol, N. (2014).
Bispectral index for improving anaesthetic delivery and postoperative recovery.
Cochrane Database Syst. Rev. CD003843. doi: 10.1002/14651858.CD003843.
pub3

Raymond, J., Varney, C., Parkinson, L. A., and Gruzelier, J. H. (2005). The effects
of alpha/theta neurofeedback on personality and mood. Brain Res. Cogn. Brain
Res. 23, 287–292. doi: 10.1016/j.cogbrainres.2004.10.023

Regehr, C., Glancy, D., Pitts, A., and LeBlanc, V. R. (2014). Interventions to reduce
the consequences of stress in physicians: a review and meta-analysis. J. Nerv.
Ment. Dis. 202, 353–359. doi: 10.1097/nmd.0000000000000130

Ros, T., Moseley, M. J., Bloom, P. A., Benjamin, L., Parkinson, L. A., and Gruzelier,
J. H. (2009). Optimizing microsurgical skills with EEG neurofeedback. BMC
Neurosci. 10:87. doi: 10.1186/1471-2202-10-87

Smith, S. A. (2014). Mindfulness-based stress reduction: an intervention to
enhance the effectiveness of nurses’ coping with work-related stress. Int. J. Nurs.
Knowl. 25, 119–130. doi: 10.1111/2047-3095.12025

Sun, S. Z., Cant, J. S., and Ferber, S. (2016). A global attentional scope setting
prioritizes faces for conscious detection. J. Vis. 16:9. doi: 10.1167/16.6.9

Tsutsumi, M., Nogaki, H., Shimizu, Y., Stone, T. E., and Kobayashi, T. (2017).
Individual reactions to viewing preferred video representations of the natural

Frontiers in Psychology | www.frontiersin.org 13 September 2019 | Volume 10 | Article 2153

https://doi.org/10.1186/s13104-018-3756-3750
https://doi.org/10.1186/s13104-018-3756-3750
https://doi.org/10.1186/s40359-019-0316-x
https://doi.org/10.1186/s13104-017-2947-2944
https://doi.org/10.1007/s11606-012-2252-9
https://doi.org/10.1097/acm.0000000000000134
https://doi.org/10.1097/acm.0000000000000134
https://doi.org/10.1097/01.wnr.0000081875.45938.d1
https://doi.org/10.1016/s1388-2457(03)00353-5
https://doi.org/10.1016/s1388-2457(03)00353-5
https://doi.org/10.1097/MCC.0b013e3282efd28a
https://doi.org/10.1109/iembs.2011.6090651
https://doi.org/10.1213/01.ane.0000250911.43942.4e
https://doi.org/10.1016/j.psc.2013.01.003
https://doi.org/10.1097/00000542-199704000-00014
https://doi.org/10.2190/pm.43.2.b
https://doi.org/10.1016/j.ijpsycho.2012.11.007
https://doi.org/10.1016/j.ijpsycho.2012.11.007
https://doi.org/10.2344/0003-3006-58.2.66
https://doi.org/10.2344/0003-3006-58.2.66
https://doi.org/10.1186/s12913-017-2356-2353
https://doi.org/10.3389/fpsyg.2011.00036
https://doi.org/10.3389/fpsyg.2011.00036
https://doi.org/10.3389/fpsyg.2014.00099
https://doi.org/10.2466/pr0.95.1.53-70
https://doi.org/10.1177/0894318410371848
https://doi.org/10.1177/0894318410371848
https://doi.org/10.1080/10401334.2018.1462186
https://doi.org/10.1177/2156587215575816
https://doi.org/10.1088/0967-3334/37/7/968
https://doi.org/10.1111/jonm.12123
https://doi.org/10.15412/j.bcn.03070208
https://doi.org/10.1164/rccm.200606-735oc
https://doi.org/10.1213/01.ane.0000105867.17108.b6
https://doi.org/10.1213/01.ane.0000105867.17108.b6
https://doi.org/10.3389/fpsyg.2018.01607
https://doi.org/10.3389/fpsyg.2018.01607
https://doi.org/10.19082/7259
https://doi.org/10.1080/09602011.2011.647416
https://doi.org/10.1080/09602011.2011.647416
https://doi.org/10.1037/a0018440
https://doi.org/10.1037//0096-3445.105.1.66
https://doi.org/10.1002/nur.20383
https://doi.org/10.1164/rccm.200606-806OC
https://doi.org/10.1002/14651858.CD003843.pub3
https://doi.org/10.1002/14651858.CD003843.pub3
https://doi.org/10.1016/j.cogbrainres.2004.10.023
https://doi.org/10.1097/nmd.0000000000000130
https://doi.org/10.1186/1471-2202-10-87
https://doi.org/10.1111/2047-3095.12025
https://doi.org/10.1167/16.6.9
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-02153 September 24, 2019 Time: 17:44 # 14

Dunham et al. Brainwave Self-Regulation in Physicians and Nurses

environment: a comparison of mental and physical reactions. Jpn. J. Nurs. Sci.
14, 3–12. doi: 10.1111/jjns.12131

Tung, A., Lynch, J. P., and Roizen, M. F. (2002). Use of the BIS monitor
to detect onset of naturally occurring sleep. J. Clin. Monit. Comput. 17,
37–42.

Unterrainer, H. F., Lewis, A. J., and Gruzelier, J. H. (2013). EEG-Neurofeedback
in psychodynamic treatment of substance dependence. Front. Psychol. 4:692.
doi: 10.3389/fpsyg.2013.00692

Vahey, D. C., Aiken, L. H., Sloane, D. M., Clarke, S. P., and Vargas, D. (2004). Nurse
burnout and patient satisfaction. Med. Care 42, II57–II66. doi: 10.1097/01.mlr.
0000109126.50398.5a

van Lutterveld, R., Houlihan, S. D., Pal, P., Sacchet, M. D., McFarlane-
Blake, C., Patel, P. R., et al. (2017). Source-space EEG neurofeedback
links subjective experience with brain activity during effortless awareness
meditation. Neuroimage 151, 117–127. doi: 10.1016/j.neuroimage.2016.
02.047

Wang, J. R., and Hsieh, S. (2013). Neurofeedback training improves attention
and working memory performance. Clin. Neurophysiol. 124, 2406–2420. doi:
10.1016/j.clinph.2013.05.020

Watson, D., and Tellegen, A. (1985). Toward a consensual structure
of mood. Psychol. Bull. 98, 219–235. doi: 10.1037//0033-2909.98.
2.219

Weisz, N., Hartmann, T., Muller, N., Lorenz, I., and Obleser, J. (2011). Alpha
rhythms in audition: cognitive and clinical perspectives. Front. Psychol. 2:73.
doi: 10.3389/fpsyg.2011.00073

Wood, G., and Kober, S. E. (2018). EEG neurofeedback is under strong control
of psychosocial factors. Appl. Psychophysiol. Biofeedback 43, 293–300. doi: 10.
1007/s10484-018-9407-9403

Zhong, T., Guo, Q. L., Pang, Y. D., Peng, L. F., and Li, C. L. (2005). Comparative
evaluation of the cerebral state index and the bispectral index during target-
controlled infusion of propofol. Br. J. Anaesth. 95, 798–802. doi: 10.1093/bja/
aei253

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Dunham, Burger, Hileman, Chance, Hutchinson, Kohli, DeNiro,
Tall and Lisko. 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.

Frontiers in Psychology | www.frontiersin.org 14 September 2019 | Volume 10 | Article 2153

https://doi.org/10.1111/jjns.12131
https://doi.org/10.3389/fpsyg.2013.00692
https://doi.org/10.1097/01.mlr.0000109126.50398.5a
https://doi.org/10.1097/01.mlr.0000109126.50398.5a
https://doi.org/10.1016/j.neuroimage.2016.02.047
https://doi.org/10.1016/j.neuroimage.2016.02.047
https://doi.org/10.1016/j.clinph.2013.05.020
https://doi.org/10.1016/j.clinph.2013.05.020
https://doi.org/10.1037//0033-2909.98.2.219
https://doi.org/10.1037//0033-2909.98.2.219
https://doi.org/10.3389/fpsyg.2011.00073
https://doi.org/10.1007/s10484-018-9407-9403
https://doi.org/10.1007/s10484-018-9407-9403
https://doi.org/10.1093/bja/aei253
https://doi.org/10.1093/bja/aei253
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Brainwave Self-Regulation During Bispectral IndexTM Neurofeedback in Trauma Center Nurses and Physicians After Receiving Mindfulness Instructions
	Introduction
	Neurofeedback
	Mindfulness
	Combining Neurofeedback and Mindfulness
	Study Aim

	Materials and Methods
	Ethics Statement and Subjects
	Pre-session Assessments
	BIS NFB Sessions
	Post-session Assessments
	Long-Term Follow-Up Survey
	Statistical Analyses

	Results
	BIS NFB Participants and Control Group
	BIS NFB Value Reductions
	BIS NFB Value Associations
	BIS NFB Participants and Wellbeing Inventory Survey Responses
	Wellbeing Scores on Day 4
	Wellbeing Improvements and BIS Associations
	BIS NBF Participants Compared to Control Group
	Follow-Up Surveys

	Discussion
	BIS NFB Value Reductions
	BIS NFB Value Associations
	BIS Monitoring as a Model for NFB
	Wellbeing Inventory Survey Responses
	Wellbeing Scores on Day 4
	Wellbeing Improvements and BIS Associations
	BIS NFB Participants Compared to Control Group
	Follow-Up Surveys
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


