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ABSTRACT

Background: Sleep deprivation is common among anesthesia residents
and impairs both technical and nontechnical skills such as leadership.
Napping is recommended in fatigue management across healthcare and
other safety-sensitive sectors, yet its effectiveness for healthcare providers
remains underexplored. This study evaluated whether a 30-min nap opportu-
nity improved simulated crisis performance after a 24-h shift.

Methods: Residents were tested twice: once rested and once using a
24-h shift to induce partial sleep deprivation. Between sessions, they were
trained in fatigue management. In the sleep-deprived condition, they were
randomized to a nap opportunity or a control condition. Actigraphy objectively
assessed sleep and nap duration. The primary endpoint was overall simu-
lated clinical performance (0 to 200; combined technical and nontechnical
scores). Secondary endpoints were technical and nontechnical subscales.
Group effects were primarily tested using intention-to-treat regression models
adjusted for rested performance, previous sleep, and critical care experience.

Results: Thirty-five residents were enrolled (nap opportunity, n = 19; control,
n = 16). In the primary analysis sample (n = 27), clinical performance was 14.8
points higher after the nap opportunity compared with controls (95% Cl, 2.8 to
26.9; P=0.018), corresponding to a 7.4% improvement. Technical skills did
not differ significantly between groups, although more sleep was associated
with better technical performance. Nontechnical skills were higher in the nap
opportunity condition (+11.0 points; 95% Cl, 2.2 to 19.8; P= 0.016), including
significant effects of leadership and resource utilization. Exploratory analyses
suggested associations between longer nap duration and multiple performance
domains, strongest for technical skills (P = 0.010).

Conclusions: Napping appears to enhance clinical performance, while the
nap opportunity, nap duration, and previous sleep deprivation each influenced
technical and nontechnical performance in distinct ways. These findings sup-
port integrating napping and recovery into medical education and scheduling.
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leep deprivation is common among anesthesia and
intensive care residents, primarily caused by night shifts,
extended working hours, and the continued expectations of’
24-h shifts."? This chronic lack of sleep significantly impacts
emotional processing, cognitive function, and behavior.” It has
also been associated with higher risks of medical errors lead-
ing to potential serious adverse events in critical care settings.*
In addition, shift work and long-term sleep deprivation have
been associated with an increase in metabolic and cardiovas-
cular diseases, cancer, and vehicle accidents.” Moreover, the
strain of night shifts contributes to burnout, depression, and
early career attrition among healthcare professionals.
Impairments in vigilance and attention observed in sleep
deprivation protocols®® have also been demonstrated in anes-
thesiologists in controlled environments.”* Only a few studies
have evaluated the impact of nighttime work on clinical per-
formance in real-world settings, without directly isolating the
specific effect of sleep deprivation.”"” Despite growing aware-
ness of the risks posed by fatigue and a scoping review on the
topic,'! most studies have focused on the effects of sleep depri-
vation, leaving a gap in rigorously evaluating practical recovery
strategies for sleep-deprived healthcare professionals.
‘Workplace napping is a frequent countermeasure among
healthcare shift workers.'? It has been shown to improve
alertness, reduce fatigue, and enhance cognitive perfor-
mance."*"* Such fatigue mitigation strategies have been
implemented across other high-pressure environments,

Power Nap and Clinical Simulation Performance

including among National Aecronautics and Space
Administration (Washington, D.C.) pilots during criti-
cal flight phases' and historically in sustained military or
commercial operations incorporating planned sleep oppor-
tunities.'""® The meta-analysis by Dutheil ef al. confirmed
that short naps, also called power naps, of less than 30 min
improve cognitive performance while minimizing the risk
of sleep inertia.” Healthcare professionals’ napping strat-
egies may deviate from recommendations, and effective
napping should consider previous sleep history for optimal
results.” However, despite the widespread use of napping,
nap intervention studies have focused primarily on nurses,
with outcomes mostly centered on sleep, fatigue, vigilance,
and self-reported measures.” Otherwise, systemic changes
of working hours were evaluated with regard to medical
errors. As a result, there is limited performance-specific
evidence to guide best individual practice for medical pro-
fessionals in anesthesia and intensive care units, whose high-
stakes tasks are particularly vulnerable to fatigue."
Evaluating how hypovigilance translates in real clinical
performance remains challenging given the complexity of
healthcare environements.?! For this purpose, full-scale simula-
tion offers a controlled environment to capture clinical perfor-
mance under realistic conditions in a high-stress environment.?
Some simulation studies reported successful evaluation using
both technical and nontechnical skills to holistically capture
clinical performance.** Nontechnical skills are defined as the
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cognitive, social, and personal resource skills that complement
technical skills and contribute to safe and efficient task per-
formance.” Consequently, these skills declined simultaneously
among sleep-deprived anesthetists managing critical clinical
situations during full-scale simulations.2*

The current study aimed to close the gap on rigorous inter-
ventional studies and to evaluate the effectiveness of a power
nap taken during extended wakefulness as a performance-
enhancing strategy for sleep-deprived anesthesia and intensive
care residents. Sleep deprivation was operationalized with 24-h
shifts rather than adding an additional controlled laboratory
sleep deprivation protocol to already demanding schedules.
Using full-scale simulation with a high-fidelity manikin, we
hypothesized that residents who took a nap would demon-
strate less deterioration in clinical performance from their
rested baseline compared to those who remained awake and
engaged in usual activities during the break.

Materials and Methods

Design

The Recovery Napping Protocol for Anesthesiologist
Performance (RINAP) trial was a prospective, randomized,
parallel-group trial (1:1). Ethical approval was obtained in
June 2022 (institutional review board No. 00010254-2022-
085).The trial submitted on ClinicalTrials.gov in September
2022 (NCT05619081, https://clinicaltrials.gov/ct2/show/
NCTO05619081; preregistered on November 11, 2022;
principal investigator, Marc Lilot) and publicly posted on
November 16,2022. No changes were made to the trial pro-
tocol, outcomes, or analyses. All subjects gave their written
consent. The study used a pre—post repeated-measures ran-
domized single-blind intervention design, with participants
completing two full-scale simulation sessions. At the second
session, participants were randomly assigned in a 1:1 ratio to
either a nap opportunity (nap) or control condition (no nap)
by drawing one of two identical opaque envelopes prepared
and shuffled by research staff immediately before allocation.

RESTED STATE

NAP TRAINING

Due to the nature of the behavioral intervention, participants
were not blinded to group assignment. The simulation team
and performance assessors were not present during random-
ization, were blinded to group allocation, and received only
coded materials. This study followed the recommendations of
the International Committee of Medical Journal Editors, and
the results were reported using the Consolidated Standards of
Reporting Trials guidelines.” No monitoring committee or
interim analysis was planned.

Population and Setting

Eligible participants were second- to fifth-year residents in
anesthesia and intensive care from four affiliated university
hospital departments (Claude Bernard Lyon 1 University,
Lyon, France), regularly working 24-h shifts on-site
(approximately once per week). Residents were recruited
via email and word of mouth. Simulation sessions were con-
ducted at the Lyon Est teaching medical center for simu-
lation in healthcare (Centre Lyonnais d’Enseignement par
Simulation en Santé, Lyon, France; Centre de Simulation
Hospitalo-Universitaire en Santé de Lyon, Lyon, France)
using a high-fidelity SimMan Essential manikin (Laerdal
Medical AS, Norway). Data collection occurred from
November 8, 2022, to June 22, 2023, in the afternoons
with variable start times ranging from 12:00 pm to 5:00
pM. Sessions were timed to align with the circadian dip and
typical nap timing.To test residents sleep-deprived without
adding new sleep constraints, partial sleep deprivation was
naturally induced through a 24-h shift (8:00 am to 8:00
AM, from one morning to the next). After shift completion,
residents were released from clinical duties, and no restric-
tions were imposed on their activities until the scheduled
study session (minimum interval, 4h). Additional sleep was
permitted provided total sleep during and after the shift did
not exceed 5 h. Pre- and postsimulation interventions were
delivered by research staff (B.V., .R.), and sessions con-
ducted by simulation staff (EG., T.D.) under faculty super-
vision (M.L.).

SLEEP-DEPRIVED STATE

Partially Sleep Deprived

max 5h sleep
Nap training Clinical Free Z 2 Clinical Vigilance
& personalized Duty Activity g NI:P Simulation Test
sleep feedbach ]
2% Q
o]l &2
2| NAP

Habitual Free Clinical | Vigilance Sleep
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Fig. 1. Study protocol. Study design showing the rested condition, a 2-h nap training workshop with a 2-week practice period, and the
sleep-deprived condition after a 24-h shift with or without a 30-min nap opportunity. max, maximum.
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Protocol

The chronological protocol is described in fig. 1. Critical
care scenarios were deliberately designed as novel
stress-testing environments for decision-making under
high-pressure, resource-limited conditions, rather than as
instructional simulation exercises aimed at skill acquisition
with feedback or debriefing.* This approach was consistent
with recent work using simulation to evaluate the impact
of physiologic or cognitive states on performance.” Each
scenario began with a 5-min audio briefing describing the
clinical situation of an unconscious patient who needed
to be diagnosed and treated for cardiac arrest. Participants
then managed a full-scale patient simulation with a pre-
defined sequence of deterioration (cardiac arrest, return
of spontaneous circulation, secondary instability), limited
resource availability, and scripted facilitator responses to
ensure standardization across participants. No debrief-
ing was performed to prevent contamination effects. Full
scripts and work load ratings (National Aeronautics and
Space Administration Task Load Index)' are available in
Supplemental Digital Content 1 (https://links.Iww.com/
ALN/E542).

Nap Training

All participants took part in a brief training program led
by a health psychologist on sleep physiology and rest opti-
mization strategies followed by a 2-week period of nap
training in real-world conditions. Training was supported
by objective sleep—wake rhythms discussed in private
consultations to provide personalized feedback (details in
Supplemental Digital Content 2, https://links.Iww.com/
ALN/E543) and introduced novel content, as no sleep or
shift work training is currently covered in French medical
curricula.

Intervention

After the night shift, participants were randomly assigned to
either the nap group or the no nap group before simulation
(fig. 1). Upon arrival in the quiet intervention room, they
were fitted with an ambulatory electrocardiogram (data not
reported) and completed questionnaires.

Nap Group (Intervention). Participants had a 30-min nap
opportunity in a quiet, darkened room on a hospital
stretcher under staff supervision. An alarm signaled the end
of the nap, after which they followed a brief reactivation
routine, completed questionnaires, and walked to the sim-
ulation center, providing a 15-min buffer before testing to
minimize sleep inertia.*

No Nap Group (Control). Participants remained in the quiet
room for 30 min, reading or using phones under staff super-
vision to ensure wakefulness. They then completed ques-
tionnaires and walked to the simulation center.

Power Nap and Clinical Simulation Performance

No concomitant interventions (e.g., caffeine) were per-
mitted during the intervention period. However, cafteine
consumption before the start of the intervention was not
monitored. Adherence to protocol (including nap duration
and wakefulness) was monitored via rest—wake activity in

both groups.

Sleep Monitoring

Rest—wake activity was measured using actigraphy bracelets
(Actiwatch, Philips Respironics, USA). Participants pressed
a button to indicate bedtimes and wake times. Sleep onset/
offset were estimated from accelerometer data scored in
30-s epochs using validated thresholds and analyzed with
Actiware (Philips Respironics) software (v6.0.1). For person-
alized recovery training, participants wore actimetry devices
during an extended period 1 week before the first session
(rested condition) with the main purpose to use these sleep/
wake patterns in training consultations. To control partial
sleep deprivation, total sleep time from the start of the 24-h
shift until the testing session (T'ST-Shift) was monitored. This
variable therefore captured all sleep obtained during the shift
as well as any additional sleep during the postshift morning
interval when participants were free from clinical duties. Sleep
at home between the shift end and noon was not prohibited as
long as overall sleep limits (5h) were respected. Furthermore,
time since last awakening was computed to determine the
period awake since the last sleep bout of at least 30min to
account for differences in sleep timing. Participants who slept
more than 5h were rescheduled. Nap duration during the
intervention was also monitored.

Questionnaires

Baseline demographic data (sex, age, residency year, criti-
cal care and shift experiences, and consumption habits) and
validated questionnaires were collected in the first seating:
Morningness-Eveningness Questionnaire (chronotype),
Insomnia Severity Index,* Pittsburgh Sleep Quality
Index,®® and the emotional exhaustion subscale of the
Maslach Burnout Inventory.* Workload of the 24-h shift
before simulation was measured with a visual analog scale
(anchored from 0, low workload, to 100, high workload).
Sleepiness as a relevant state variable was measured before
each session with the Karolinska Sleepiness Scale?” and the
Epworth Sleepiness Scale.

Endpoints

The primary outcome was overall simulated clinical per-
formance, computed as the sum of technical and nontech-
nical scores (each normalized to 100; total range, O to 200),
reflecting clinical competence in critical care. The primary
analysis compared performance between groups during the
postshift simulation (sleep-deprived condition).

Secondary outcomes included technical and nontechni-
cal subscale scores, which are standard in simulation-based
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assessment and allow for detailed characterization of
performance.?*

Technical skills for each of the two scenarios was assessed
with a 100-point evaluation grid. Checklists are available in
Supplemental Digital Content 1 (https://links.Iww.com/
ALN/E542) and were collaboratively developed by simula-
tion instructors and anesthesia and intensive care physician
specialists, with local and national experts on the clinical sit-
uation, taking into account available guidelines as well as
the particularities of each scenario. Thirty-four points were
allocated to cardiac arrest management during the cardiac
arrest phase, and 66 points to post—cardiac arrest manage-
ment (clinical reasoning phase), which involved diagnostic
and therapeutic considerations. Actions were scored based
on timeliness and self-initiation: full points were awarded
for timely, self-initiated actions; partial points for delayed or
facilitated actions; and no points for actions not performed
or requiring explicit facilitation. For technical scoring, both
blinded assessors first rated the same four videos (two videos
per scenario) independently to ensure a shared understand-
ing of item definitions. When scoring discrepancies between
blinded assessors (EG. and L.G.) occurred, they were dis-
cussed between the two;if consensus could not be reached, a
third blinded assessor (M.L.) adjudicated. The final technical
score was calculated as the average of all assessments.

Nontechnical skills were assessed using the Ottawa Crisis
Resource Management Global Rating Scale,” developed
for medical simulation. The six subscale scores range from
1 to 7 linked to validated behavioral anchors, for a total of
42 raw points normalized to 100 points. The subscales were
“Overall,” “Leadership,” “Problem Solving,” “Situational
Awareness,” “Resource Utilization,” and “Communication.”
Two blinded assessors (L.S. and T.D.), already familiar with
the scale, independently scored the first four videos (two
videos per scenario), and any discrepancies were reviewed
with ML.L. (senior simulation expert). This initial concor-
dance round ensured consistent application of the scoring
criteria before rating the full dataset. Discrepancies in sub-
jective ratings (defined as differences of 2 or more points
on subscales) were discussed and resolved by consensus. If
consensus could not be reached, the third blinded assessor
(M.L.) adjudicated. The final nontechnical score was calcu-
lated as the average of all assessments.

Statistical Analysis

A priori sample size was determined for repeated-measures
multivariate testing to detect a medium effect size (f = 0.25,
equivalent to Cohens d = 0.5 with two groups and two
time points, o0 = 0.05, power = 0.95, and 0.5 correlation
between measures). Power analysis was performed using
G*Power (version 3.1.9.7, Heinrich Heine University
Diisseldorf, Germany), which indicated a required total
sample size of 42 participants.

Statistical analyses were conducted using Jeffrey’s
(v0.18.3, University of

Amazing Statistics Program

ANESTHESIOLOGY 2026; 145:1008-21

Amsterdam, Netherlands). Descriptive statistics (mean =+
SD, median, interquartile range) summarized the data, with
normality assessed via Kolmogorov—Smirnov tests and
visual inspection. Planned analyses comparing performance
across conditions were conducted only on residents com-
pleting both sessions. Independent ¢ tests and Fisher exact
tests compared demographic variables.

For the primary intervention analysis, sleep-deprived
performance was modeled as a function of group assign-
ment (nap vs. no nap) while controlling for rested perfor-
mance, TST-Shift, and critical care experience. Analyses
focused on intention to treat (ITT); additional per-protocol
models assessed robustness. The TST-Shift coeflicient was
also examined as an index of sleep loss exposure.

To account for varying actual sleep duration during the
nap window, an additional exploratory as-treated analysis
examined associations between nap duration and perfor-
mance change (delta between rested and sleep-deprived
condition), still controlling for TST-Shift and critical care
experience. For comparability, all participants in the no
nap group and nap participants who did not sleep were
assigned a nap duration of Omin. The exploratory analysis
was hypothesis-generating.

Model assumptions were verified through residual
inspection. Effect sizes and 95% CI were reported. Effect
sizes are presented as partial 12, reflecting the proportion
of outcome variance uniquely attributable to each predic-
tor after adjustment for covariates. In the current mod-
els, this primarily represents the variance in performance
uniquely explained by group assignment. All participants
were analyzed according to their randomized group assign-
ment. Participants with missing outcome data for both time
points were excluded from analysis; otherwise, available
case analysis and intention to treat were applied. Missing
data were assumed random; no imputation was performed.
Exploratory analyses were post hoc; no subgroup or sensitiv-
ity analyses were planned. All statistical tests were two-sided,
with significance set at P < 0.05.

Artificial Intelligence

The authors used an artificial intelligence language model
(ChatGPT, OpenAlI, USA, GPT-5, 2025) for writing assis-
tance during manuscript drafting, specifically for language
editing and style refinement. The artificial intelligence tool
was not used for data collection, analysis, or figure gen-
eration. All substantive content was produced and veri-
fied by the authors, who are fully responsible for the final
manuscript.

Results

Population Characteristics

A total of 44 residents were included in the study, of whom
35 completed both sessions. These 35 participants were
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A 4

Allocated to NAP group (n = 19)
Received intervention (n = 19)

Allocated to NO-NAP group (n = 16)
Received intervention (n = 16)

A\ 4

A 4
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Actimeter not properly worn (n=2)
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Fig. 2. Study flow chart. Consolidated Standards of Reporting Trials diagram showing participant flow through the trial: screening, enroll-
ment, randomization, allocation to nap or no nap groups, and analysis. TST-shift, total sleep time from 24-h shift start to afternoon testing

session next day.

randomized in the sleep-deprived condition, with 19 resi-
dents allocated to the nap and 16 to the no nap group. After
excluding 8 participants with missing actigraphy sleep data
(3 not properly worn, 5 technical issues), 27 residents were
retained for the primary I'TT model incorporating total sleep
time during the sleep-deprived condition (fig. 2). The mean
interval between rested (November to January) and sleep-
deprived (March to June) simulation sessions was 107 =38
days (range, 35 to 204). Demographic data and the results
from the sleep and burnout questionnaires are presented in
table 1,and no significant differences were observed between
the nap and no nap groups. No adverse events or harms
related to the interventions were observed during the study.

Sleep Parameters

The median [interquartile range] total sleep time during the
rested condition was 6.6 [5.6,7.5] h, which was as expected
significantly higher than in the sleep-deprived condition
with 3.6 [2.5, 4.5] h (mean difference, 3.5h; 95% CI, 2.5
to 4.4; P < 0.001). While sleep-deprived, no significant

difference in TST-Shift between groups was observed (no
nap,3.65+ 1.61h;nap,2.84 + 1.46 h; mean difference, 0.81 h;
95% CI, —0.41 to 2.04; P = 0.185). Overall sleepiness (table
SM1 in Supplemental Digital Content 3, https://links.
lww.com/ALN/E544) did not change significantly across
sessions, and groups did not differ when sleep-deprived (t
= 0.83; P = 0.409). Immediate sleepiness increased sub-
stantially from rested to sleep-deprived (t[34] = 12.4; P <
0.0001) as expected and yielded no group difference either
(t=1.36; P = 0.183). Seven participants obtained additional
sleep between shift completion and testing while remaining
within the predefined 5-h sleep limit. Although individual
sleep timing varied, time since last awakening values did not
differ statistically between groups (no nap, 7.93 + 8.15; nap,
9.54+ 6.41; mean difference, —1.61;95% CI, —7.81 to 4.60;
P =0.59). Of the 19 participants of the nap group, 17 (89%)
slept during the nap opportunity (2 protocol deviations).
They spent an average of 22+ 10min (mean * SD) in bed,
and effectively napped 15+ 8 min. No sleep was detected in
the no nap group during the quiet wakefulness period. No
protocol crossover or additional interventions occurred in
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Table 1. Baseline Characteristics of Participants

No Nap Nap
(n=16) (n=19)
Women 8 (50) 9 (47)
Age, yr 27 [27, 28] 27 [26, 29]
Year of residency
2 6(38) 10 (53)
3 9 (56) 5 (26)
>4 1(6) 4(21)
Critical care experience, yr 2[1,2] 101,2]
Shift work experience, yr 3[2,4] 412,4]
Shift workload rating (VAS) 62+26 6721
Cups of coffee per day 3[2,3] 3[2,4]
Insomnia Severity Index 715,10] 916, 14]
Pittsburgh Sleep Quality Index 6 [5, 6] 65,7
Morningness—Eveningness Questionnaire
Eveningness 0(0) 2(11)
Neutral 8 (50) 12 (63)
Morningness 8 (50) 5 (26)
Emotional exhaustion 16 [11,22] 20 [11,25]

Values are expressed as No. (%), median [Q1, Q3], or mean = SD.
VAS, visual analog scale.

either group. Reclassification applied only in exploratory
as-treated analyses.

Primary Outcome: Simulated Clinical Performance

Descriptive results are presented in Supplemental Digital
Content 3 (https://links.lww.com/ALN/E544), and fig-
ure 3 shows performance across conditions and groups.
Rater agreement was substantial for both technical and
nontechnical  performance evaluations. Discrepancies
between assessors on technical objectified checklists were
all resolved by consensus. For more subjective nontechnical
performance evaluation, the raters were able to agree on all
15 discrepancies, and the interrater reliability of the Ottawa
Crisis Resource Management Global Rating Scale was
substantial for both conditions, in the rested (K = 0.685;
95% CI,0.527 to 0.842) and the sleep-deprived states (K =
0.672;95% CI, 0.515 to 0.828).

Model diagnostics did not indicate major violations of
linear regression assumptions. In the ITT model (n = 27;
table 2), the nap group showed a 14.8-point clinical per-
formance advantage over the no nap group (95% CI, 2.8
to 26.9; P = 0.018; partial 1> = 0.23, representing the pro-
portion of variance in performance uniquely explained by
group assignment) equivalent to a 7.4% gain in clinical per-
formance (adjusted R* = 35%), indicating a moderate ben-
eficial effect of the intervention. This was mirrored by the
per-protocol model as detailed in figure 4 and table SM2 in
Supplemental Digital Content 3 (https://links.lww.com/
ALN/E544). Beyond group assignment, TST-Shift exhib-
ited a positive but nonsignificant trend within the same
adjusted I'TT model (table 2; 3 = 3.87; P = 0.056)

ANESTHESIOLOGY 2026; 145:1008-21

Technical Skills

The group effect was small and nonsignificant for technical
skills (B = 3.76; 95% CI, —2.58 to 10.10; P = 0.232; partial
1? = 0.06). Preshift sleep (TST-Shift) showed a significant
positive association (f = 2.61; P = 0.020). When testing
the cardiac arrest and clinical reasoning phases individually,
there were no significant group effects.

Nontechnical Skills

Nontechnical skills were significantly higher in the nap
group (§ = 11.03;95% CI, 2.22 to 19.84; P = 0.016; partial
1? = 0.23), amounting to a 11% advantage (adjusted R* =
32%). TST-Shift showed no significant association. Across
subscales, significant group advantages for the nap condi-
tion were observed for “Overall” nontechnical skills (f =
0.77; P = 0.036), “Leadership” (§ = 0.73; P = 0.037), and
“Resource Utilization” (§ = 1.02; P = 0.043). “Problem
Solving,” “Situational Awareness,” and “Communication”
showed nonsignificant trends in the same direction. TST-
Shift was not significantly associated with any subscale.

Exploratory Analysis

In the as-treated analysis (n = 27), longer nap duration was
associated with better performance across several domains,
with significant positive effects for simulated clinical per-
formance (f = 0.83;95% CI,0.19 to 1.47; P = 0.019) and
the technical post—cardiac arrest clinical reasoning phase (3
= 0.39; 95% CI, 0.12 to 0.66; P = 0.010). Nap duration
also predicted higher nontechnical skills scores (§ = 0.22;
95% CI, 0.02 to 0.43; P = 0.038), as well as improvements
on selected subscales, including “Overall” (B = 0.04; 95%
CI, 0.00 to 0.07; P = 0.050), “Problem Solving” (f = 0.04;
95% CI, 0.00 to 0.07; P = 0.051), and “Communication”
(B = 0.05;95% CI, 0.01 to 0.09; P = 0.019). TST-Shift was
consistently related only to technical outcomes, including
total technical skills (§ = 3.20; P = 0.007) and the clinical
reasoning subscale (B = 2.15; P = 0.024) and a trend for the
cardiac arrest phase (fig. 5 and table SM3 in Supplemental
Digital Content 3, https://links.lww.com/ALN/E544).

See Supplemental Digital Content 3 (https://links.Iww.
com/ALN/E544) for details on cognitive vigilance and
performance interrelations.

Discussion

This randomized controlled trial tested whether a short nap
improves sleep-deprived residents’ performance in critical
care simulation. Adjusting for rested baseline, sleep depri-
vation and critical care experience, the group assigned to
the nap opportunity performed 7% better than controls
(up to 8% with effective nap exposure). These findings
appear potentially relevant to demanding clinical settings
and contribute to evidence on implementable strategies in
real-world healthcare.®” Despite a large, standardized effect,
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limited precision and absent thresholds restrict clinical inter-
pretation. Nevertheless, even modest gains may be mean-
ingful in high-risk environments, as 3 to 5% performance
improvements have been linked to reduced fatigue-related
errors and more effective crisis management.*'*****Within
this context, the nap intervention’s effect are cautiously
encouraging for operational settings and support further
randomized trials.

Importantly, nap-related benefits seem to depend on
the amount of acute sleep deprivation, underscoring that
naps cannot fully compensate for sleep debt. Technical skills
appeared more sensitive to cumulative sleep loss than they
were boosted by the nap. Therefore, naps should not be seen
as a substitute for adequate recovery, and postcall clinical
work should still be avoided. This study aligns with existing

evidence suggesting that clinicians need to be optimally
recovered to ensure high-functioning performance, partic-
ularly in unpredictable or complex situations. These results
add to the debate on limiting continuous work shifts and
may strengthen arguments to reduce sleep deprivation in
clinical practice.*

Future studies should assess naps implemented onsite
within shifts and determine impact across the 24-h duty cycle.
Exploratory findings suggest potentially dose-dependent
and domain-specific effects. Dose—response effects are
unlikely to be linear, as longer naps may include slow-wave
sleep and increase sleep inertia,'” potentially explaining
inconsistent associations with nap durations.'> This high-
lights the need of integrating electroencephalogram record-
ings to objectively characterize nap sleep stages and examine
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Table 2. ITT Linear Regression Predicting Postshift Simulated Clinical Performance

Model Group Effect TST-Shift Effect
Outcome RMSE  Adjusted R? B PValue Partial i»  ClLower  CI Upper B PValue
Primary endpoint
Clinical performance (/200) 13.89 0.35 14.84 0.018 0.23 2.80 26.88 3.87 0.056
Secondary endpoints
Technical skills (/100) 7.51 0.27 3.76 0.232 0.06 -2.58 10.10 2.61 0.020
Cardiac arrest (/34) 419 0.43 -1.01 0.573 0.01 —-4.66 2.64 1.24 0.043
Clinical reasoning (/66) 4.90 0.07 2.90 0.167 0.09 -1.31 7.1 1.30 0.066
Nontechnical skills (/100) 9.97 0.32 11.03 0.016 0.23 2.22 19.84 1.18 0.393
Overall performance (/7) 0.81 0.30 0.77 0.036 0.18 0.05 1.48 0.09 0.424
Leadership (/7) 0.79 0.41 0.73 0.037 0.18 0.05 1.41 —-0.06 0.589
Problem solving (/7) 0.73 0.22 0.57 0.080 0.13 -0.07 1.21 0.10 0.301
Situational awareness (/7) 0.98 -0.11 0.43 0.335 0.04 -0.47 1.33 0.06 0.640
Resource utilization (/7) 1.15 0.18 1.02 0.043 017 0.03 2.00 0.20 0.228
Communication (/7) 0.97 0.31 0.64 0.124 0.10 -0.19 1.48 0.00 0.981

Linear regression models tested the effect of group assignment (nap vs. no nap) on performance in the sleep-deprived condition while adjusting for rested performance, total sleep
time across the preceding hours and work shift (TST-Shift), and previous critical care experience. Reported coefficients represent unstandardized estimates. Partial 12 reflects effect
size for the group predictor. TST-Shift coefficients are provided to illustrate associations between previous sleep loss and task performance. All estimates are accompanied by 95%
Cl. Values in bold denote statistical significance (P < 0.05).

RMSE, root mean square error.
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Fig. 4. Group effect estimates across analyses. Standardized effect estimates (3) for intention-to-treat (ITT; black) and per-protocol (PP)
models (n = 27) with 95% Cls; dashed line indicates zero effect.

how intraindividual variations in lighter sleep contribute to counterbalanced nap/sleep-dosing paradigms under con-
cognitive recovery.* Distinct sleep pathways may underlie trolled circadian laboratory conditions.'>"
these findings; testing interaction effects between previous Moreover, healthcare providers may start shifts already
sleep deprivation and nap duration would ideally require sleep-deprived due to nonwork factors, such as parenting
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responsibilities or poor nocturnal sleep. Many report exces-
sive daytime sleepiness even during regular daytime work,
with physiologic sleepiness levels approaching narcolepsy
thresholds.** Nap effectiveness is trainable and contributes
to night shift adaptation.* Nap opportunities, before or
during shifts, could potentially mitigate fatigue and increase
patient safety. Therefore, nap interventions should be tai-
lored to individual sleep need with sleep hygiene integrated
into medical education.*® However, educational initiatives
alone are insufficient; fostering a supportive culture and
organizational responsibility is essential to protect clinicians
and patients.* Although this trial did not aim to evaluate
nap training effectiveness, its implementation was feasible
and well accepted, suggesting potential for structured work-
place napping preparation.

Optimal clinical performance requires technical and
nontechnical skills.*** Nontechnical skills appeared more
responsive to the nap intervention, with pronounced advan-
tages in leadership and resource utilization. Exploratory
findings indicate improved communication with longer nap
duration rather than nap opportunity, suggesting selective
team benefits.** A recent review emphasizes the crucial
role of leadership in enhancing patient safety, along with
teamwork and open communication.”” However, the cur-
rent study focused on individual performance, whereas real
clinical settings involve team members differing in fatigue
and collective dynamics.

No direct nap-related gains in technical skills were observed,
while greater sleep deprivation predicted larger technical
decline, consistent with previous work.?® Exploratory analyses

ANESTHESIOLOGY 2026; 145:1008-21
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revealed a modest association with nap duration, particularly
during clinical reasoning after simulated patient stabilization.
These modest findings suggest that, uniquely in our exper-
imental context, decision-making may be more responsive
to naps than procedural execution. This contrasts with nap-
related benefits in isolated procedural task studies (e.g., intra-
venous catheter insertion).'*? Unexpectedly, this procedural
performance of handling a well-scripted cardiac arrest, usually
considered resilient to extended wakefulness,”” also declined
with greater sleep loss. This may reflect the intentional con-
struction of fatigue-sensitive scenarios embedding stressors
and real-world clinical complexity. Similarly in aviation,*
pilots maintained standard maneuvers under fatigue, but per-
formance deteriorated when unanticipated events occurred.
As task complexity increases vulnerability to sleep loss, our
results reinforce concerns about maintaining extended duty
hours in safety-critical clinical contexts.

These results should be considered alongside previous
sleep deprivation protocols, ranging from total sleep loss’
to fragmented or reduced sleep during night duty and

2628 R outine anesthetic

conducted at different times of day.
tasks often remained stable, whereas crisis management and
nontechnical skills tended to decline after night duty. Our
study extends this work by testing a countermeasure, using
detailed video-based scoring across performance domains,

and incorporating fatigue-sensitive scenarios.

Limitations

This study has several limitations. First, naturalistic sleep vari-
ability led to unanticipated exclusion of residents exceeding
sleep protocol limits. These randomized control trial find-
ings were likely underpowered to detect subtle effects and
should be interpreted as initial evidence. Larger samples are
required to refine effect estimates and test individual mod-
erators (e.g., chronotype, baseline sleepiness). Nevertheless,
sample size was comparable to or larger than similar random-
ized studies.!”*4

primarily coaching purposes and presented lower adher-

Second, baseline sleep recordings served

ence. Consequently, uncontrolled chronic sleep debt may
have influenced performance. However, subjective sleepi-
ness scores were comparable across groups. Third, logistical
constraints introduced scheduling and nap timing variability,
potentially introducing circadian effects despite afternoon
testing. Fourth, behavioral interventions allow rater but not
participant blinding, which may introduce performance bias.
Overall, large multicenter trial cohorts using detailed physi-
ologic sleep architecture would extend these results.

Fifth, the novel high-pressure simulation design priori-
tized stress testing over pedagogical training. Scenario unfa-
miliarity may have increased performance variability and
interacted with learning effects between sessions. Scenario
order was not counterbalanced, but workload and expert
review suggested comparable difficulty. Sixth, long inter-
session intervals allowed washout, but ongoing training
exposure and participant information exchange cannot be

ANESTHESIOLOGY 2026; 145:1008-21

excluded. Spillover may have affected the cohort globally as
randomization limits group-specific bias; crossover designs
could further control these effects.

Generalizability to other institutions, specialties, or
real-world clinical settings may be limited in this small,
single-center study. Long-term retention, actual error rates,
and in-shift clinical outcomes remain to be evaluated. The
current paradigm assessed postshift performance. Although

duty-hour nap interventions exist,'**"

in-shift performance
assessments have been limited to error rates or brief cogni-
tive or procedural testing.'*** Comprehensive duty-period
performance evaluations remain a key step toward greater

ecological validity in this field.

Conclusions

This Recovery Napping Protocol for Anesthesiologist
Performance trial addresses a critical research gap by provid-
ing initial evidence that a brief opportunity to power nap
could mitigate the detrimental effects of sleep deprivation
on simulated crisis performance in anesthesia and inten-
sive care residents. The nap opportunity seemed to mostly
improve nontechnical behaviors, especially leadership and
communication, suggesting selective fatigue sensitivity. In
contrast, technical skills showed more sensitivity to the nap
duration, implying domain-specific responsiveness to nap-
ping. These findings point to the potential of incorporat-
ing structured napping protocols into medical training and
clinical schedules as a targeted tool to sustain performance
and possibly mitigate fatigue-related decline. Exploratory
analyses linked greater sleep loss to larger technical declines,
underscoring the need for adequate sleep across clinical
shifts. Future work will be crucial to refine nap-based inter-
ventions, clarify their effects on complex, applied clinical
tasks, and confirm their benefits for patient care.
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