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Abstract: Background: Sleep deficiency can adversely affect the performance of resident physicians
resulting in greater medical errors. However, the impact of sleep deficiency on surgical outcomes,
particularly among attending surgeons is less clear. Methods: Sixty attending surgeons from aca-
demic and community departments of surgery or obstetrics and gynecology were studied prospec-
tively using direct observation and self-report to explore the effect of sleep deprivation on patient
safety, operating room communication, medical errors, and adverse events while operating under
two conditions, Post-Call (defined as >2 hours of nighttime clinical duties) and Non-Post-Call. Re-
sults: Each surgeon contributed up to five surgical procedures post-call and non-post-call yielding
362 cases total (150 Post-Call and 210 Non-Post-Call). Most common were caesarian section and
herniorrhaphy. Hours of sleep on the night before the operative procedure were significantly less
Post-Call (4.98 + 1.41) vs. Non-Post-Call (6.68 + 0.88, p<0.01). Errors were infrequent and not related
to hours of sleep or post-call status. However, Non-Technical Skills for Surgeons (NOTSS) ratings
demonstrated poorer performance while Post-Call for Situational Awareness, Decision Making and
Communication/Teamwork. Fewer hours of sleep also was related to lower ratings for Situational
Awareness and Decision Making. Decreased self-reported alertness was observed to be associated
with increased procedure time. Conclusions: Sleep deficiency in attending surgeons was not asso-
ciated with greater errors during procedures performed during the next day. However, procedure
time was increased suggesting that surgeons were able to compensate for sleep loss by working
more slowly. Ratings on non-technical surgical skills were adversely affected by sleep deficiency.

Keywords: sleep deficiency; insufficient sleep; surgery; surgical complications; attending surgeon;
surgical outcomes

1. Background

Chronically insufficient sleep is endemic in the United States,! where nearly one-third
of adults regularly sleep less than 6 hours.? Sleep deficiency is associated with impair-
ments in mood, cognitive and psychomotor function.! In occupational settings such as the
transportation industry where decision making, attention and motor skills are critical,
sleep deficiency has been found to result in disastrous consequences, including loss of life
and substantial property costs.?

Physicians may be similarly affected by sleep deficiency, and impairments in their
performance could adversely affect patient care.* Much of the evidence examining the
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effect of sleep deficiency on physician performance has focused on resident physicians.
Studies of resident physicians document that they frequently work more than 24 consec-
utive hours, and that their sleep deprivation results in increased medical errors.>” Surgical
residents may be at particular risk for adverse impacts of insufficient sleep because of the
requirements for precision motor skills, attention to detail and rapid decision making in
the operating room. Most, but not all studies using surgical simulators have demonstrated
that sleep deprivation adversely affects residents’” surgical proficiency and increases er-
rors.® However, greater complication and mortality rates related to resident physician
sleep deprivation have not been consistently demonstrated.”"! It is possible that the im-
pact of fatigue and sleep deficiency among surgical residents is mitigated by the supervi-
sion of attending surgeons who are present during most operative procedures, although
this remains unclear.12-14

Unlike resident physicians, who are limited to 80-88 hours maximum per week, and
shifts of no more than 28 consecutive hours by the Accreditation Council for Graduate
Medical Education (ACGME), attending physicians have no restrictions on their work
hours. Moreover, limitation on duty hours imposed on residents may result in greater
workloads on attending physicians. In one survey, 37.1% of practicing primary care phy-
sicians and 60.6% of surgeons worked more than 80 hours per week, which is the maxi-
mum amount allowed for resident physicians in most residency programs by the AC-
GME."s However, there are few studies of the effect of sleep deficiency on performance
among attending physicians. In a recent cross-sectional survey of over 11,000 US physi-
cians including 7,700 attending physicians, subjective sleep-related impairment was asso-
ciated with self-reported clinically significant medical errors.* Another smaller study also
confirmed the occurrence of increased errors related to self-perceived sleepiness.!® In both
studies, results stratified by specialty and training status were not provided. Most inves-
tigations focused exclusively on surgical performance have not demonstrated increased
morbidity or mortality,’”181° but few have specifically quantified the amount of sleep ex-
perienced.’® In the two studies that did assess sleep, Chu et al* concluded that prior sleep
duration did not impact cardiac surgical outcomes whereas Rothschild et al?' found in-
creased complications in a variety of surgical procedures when surgeons had less than a
6-hour sleep opportunity the night prior to the procedure. Both investigations were retro-
spective with data obtained through chart review.

In the present study, we performed a prospective evaluation of the impact of sleep
deficiency on attending surgeons comparing their operative performance after having had
a night of normal sleep opportunity versus a night of diminished sleep opportunity; the
latter characterized by having a night on call with at least 2 hours of hospital clinical du-
ties. Performance was assessed prospectively by independent observers in the operating
room as well as by self-assessment.

2. Methods
2.1. Study Design

We conducted a prospective within-subjects, repeated measures observational study
in which attending surgeons were evaluated to explore the effect of sleep deprivation and
extended duration shifts on patient safety through direct observation and self-reporting
of operating room communication failures, medical errors, and adverse events. Surgeons
were assessed while operating under two conditions, Post-Call and Non-Post-Call to cap-
ture the impact of sleep deficiency on their performance. Post-Call cases were defined as
surgical cases performed the morning after a surgeon had clinical duties occurring for at
least 2 hours between the hours of 12 am and 7 am. Non-Post-Call cases were performed
on mornings where surgeons had not been on clinical duty the prior night.

2.2. Participants

Surgeons were recruited from eight local area hospitals with surgical and/or obstet-
rical services. In order to provide a heterogeneous sample of surgeons, hospitals
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considered for inclusion were of varying characteristics based on the American Hospital
Association’s definitions which group hospitals based on size (small, medium, large), ge-
ographical region (Urban, Rural), and the presence or absence of an academic program
(Academic, Non-Academic “community”) hospitals. Presentations were made to the ad-
ministration and surgical department chairs of these hospitals to elicit their collaboration
in the study. If a hospital agreed to collaborate, a formal recruitment letter was dissemi-
nated amongst the attending surgeons followed by attempts at personal contact. Sixty
surgeons from a variety of specialties agreed to participate and provided informed con-
sent (Table 1). The study protocol was approved by the Institutional Review Board of
Partners Healthcare (Protocol No: 2008P002394), July17, 2013.

Table 1. Surgeon Characteristics.

Age (years) 476 £9.5

Sex (% Men) 64.6
Race/Ethnicity (%)

Non-Hispanic White 68.3

Black 6.1

Hispanic 6.1

Asian 11.0

Other/Unknown 8.6

Hospital Affiliation (%)

Hospital 1 20.7

Hospital 2 13.4

Hospital 3 49

Hospital 4 8.5

Hospital 5 11.0

Hospital 6 13.4

Hospital 7 8.5

Hospital 8 11.0

Multiple 3.7

Unknown/Not recorded 49

Specialty (%)

General Obstetrics/Gynecology 35.4

OB/GYN Subspecialty 7.3

General Surgery 26.8

Surgical Subspecialty 25.6

Unknown/Not recorded 49

Years Post Residency 14.7£9.9
Supervise Residents (% Yes) 70.7

2.3. Procedure

After agreeing to participate, demographic information was collected by question-
naire. Additionally, surgeons completed daily sleep and work logs.

Two methods were used to identify potential Post-Call cases. First, surgeons were
asked to notify the study team in the morning when they had been performing one or
more overnight operations or deliveries that occupied at least 2 hours of the period be-
tween 12 am and 7 am. Second, all operative and delivery records as well as the operating
room schedule were examined each morning to identify cases that required participant
surgeons to be working overnight for at least two hours. The operating room schedule
was then reviewed to determine whether the surgeon was scheduled to operate that
morning. Non-Post-Call cases were ascertained by examining the operating and delivery
room schedules for cases where the surgeon had not worked on the previous night. After
appropriate cases from either Post-Call or Non-Post Call surgeons were selected, the
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study team was notified to be present during the operation but was blinded as to post-
Call status of the surgeon; surgeons were asked not to discuss their call status or sleep
while in the presence of observers.

During each case, the study team consisting of two observers, one a person trained
in human factors interactions and the other a physician, evaluated surgical performance
and operating room environmental conditions using standardized observation tools. Nei-
ther individual scrubbed with the operating team but were in the operating room. In ad-
dition, at the end of the operation, surgeons completed self-assessments of their sleep.
Surgeons and other members of the operative team (e.g., anesthesia, nursing) also as-
sessed the level of teamwork and communication among the operating room personnel
and reported any errors they felt had occurred during the operation. After the operation,
chart review was conducted by the study team to identify any errors not previously noted
during the procedure.

2.4. Data Collection:
2.4.1. Questionnaires

A baseline questionnaire collected demographic data as well as descriptive data
about each surgeon including hospital affiliation, specialty, teaching/leadership roles, and
education/sub specialization. During their period of active participation, surgeons com-
pleted daily sleep and work logs which collected sleep and wake times, awakenings, net
sleep durations, naps and duration, hospital shift length, and on-call shift length.

At the conclusion of each observed surgical procedure, the attending surgeon com-
pleted a post-operative questionnaire (Supplement, Figure S1). This questionnaire was
designed to collect data on self-reported sleep duration, quality, and number of awaken-
ings for work duties the previous night, and general alertness during the procedure. Alert-
ness and sleep quality were assessed using continuous rating scales with sleepy scored as
0 and alert scored as 100. Similarly, sleep quality was scored as awful equal to 0 and ex-
cellent equal to 100. Additionally, respondents were given the opportunity to self-report
any medical errors which occurred during the procedure although these were also being
collected independently by the physician observer (Supplement, Figure S2).

2.4.2. Observation of the Surgical Procedure:

The physician observer member of the study team was present at all surgical proce-
dures to monitor and record medical errors, adverse events, and other events either di-
rectly or indirectly related to the surgical care process. All medical errors and adverse
events identified by an observer were subsequently adjudicated by two independent phy-
sician reviewers blinded as to the on-call and sleep status of the surgeon. A physician
observer also recorded the time spent in each step of the surgical process (i.e., start to site
prep, incision, intubation, time out, incision, extubation, out of room). Additionally, a hu-
man factors observer evaluated the procedure to provide ratings of non-technical surgical
skill using the evaluation system (NOTSS) developed by the Royal College of Surgeons of
Edinburgh.? Surgeons were rated in four categories, situational awareness (SA), decision
making (DM), communication and teamwork (CT), and leadership (LD) using a 4-point
scale where 1=Poor, 2=Marginal, 3=Acceptable, and 4=Good. The human factors observer
also recorded non-operative events related to the operating room environment that were
felt to be unrelated to sleep deficiency such as equipment issues, anesthesia delays or
pages to surgical team members (Supplement, Table S1). Several other types of non-tech-
nical events that occurred and were potentially related to the performance of the surgeon
also were recorded by the observer team (Table 2). These included surgical team members
disagreeing about the surgical process or an unexpected patient complication.
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Table 2. Frequency of Non-Operative Communication and Task Events.

Number of Events
Owverall Non Post-Call Post-Call

(N=360) (N=210) (N=150)
COMMUNICATION EVENTS
Team members disagree about surgery
progress, or mention an alternative path 14 5 9
forward

Mlscommumc.atlon/ml'smterpretatlon of 2 11 11

information
All Communication Events 36 16 20

TASK EVENTS
Patient complication 23 13 10
Clinical non-standard intervention 6 2 4
Patient status deteriorates 1 1 0
Unexpected information regarding patient 4 2 2
Unable to find necessary information 0 0 0

regarding patient

All Task Events 34 18 16

2.5. Statistical Analysis

Differences in sleep outcomes (hours of sleep, number of awakenings, sleep quality
and alertness) based on post call status, were determined with mixed models using post-
call status as a predictor, subject ID as a subject variable and case count per subject as a
random repeated-measures variable, to control for within-subjects effects. We also di-
rectly evaluated the impact of sleep deficiency on processes and outcomes of interest,
analogous to the approach we previously took in a retrospective study of surgeon sleep
deficiency.? Therefore, both post-call status and hours of sleep were used as predictors of
the impact of sleep deficiency. Hours of sleep were determined based on surgeons’ sleep
logs.

Operating room environmental events were clustered in to 4 categories of items or
events related to 1) the difficulty or complexity inherent in each procedure (E-Task), 2)
interactions among the surgical team (Organization), 3) status of equipment critical to the
procedure (Equipment), and 4) a miscellaneous category (Miscellaneous). The overall fre-
quency of these events was compared according to post-call status by modeling a Poisson
or negative binomial distribution as appropriate. These events also were considered as
covariates in subsequent analyses.

Ratings for NOTSS were ordinal and preliminary analyses demonstrated a non-nor-
mal distribution for all 4 categories. Therefore, the effect of post-call status was analyzed
using ordinal logistic regression. Additionally, NOTSS scores were collapsed into ratings
of “Good” vs “All Other” and assessed using binary logistic regression. Subject ID and
case count per subject were included in the models to control for within-subjects effects.
In addition, the impact of hours of sleep on NOTSS scores for each category was analyzed
using repeated measures ordinal logistic regressions using subject ID as a subject variable
and case count per subject as a random repeated-measures variable, to control for within-
subjects effects.

The impact of hours of sleep, sleep quality, number of awakenings and alertness on
time spent on the operative procedure was determined using mixed regression models
with subject ID as a subject variable and case count per subject as a random repeated-
measures variable, to control for within-subjects effects. Because operation time varies
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according to the type of procedure and its complexity, procedures were clustered into
related categories and dummy variables were included in the regression models.

Clinical errors defined as having the potential to directly impact the surgical proce-
dure or a patient outcome were adjudicated by two physicians independently. The re-
maining errors were events that were related to the surgical procedure but did not directly
affect it. All errors whether recorded by the observation team or self-reported by the sur-
geon and other operating room personnel were combined to reflect total errors. The fre-
quency of these events was compared as a function of post-call status using a multinomial
logistic regression.

Non-operative events occurring during the procedure (Table 2) were clustered into
two categories, Communication and Task. The occurrence of these events was analyzed
by modeling a Poisson distribution with surgeon and case count per surgeon included as
covariates to control for within-subjects effects. Additionally, the E-Task and Equipment
operating environment clusters were included as covariates because they were found to
be different post-call compared to Non-Post-Call.

Data are presented as percentages, means and standard deviations. Alpha was set at
0.05 for all comparisons. IBM SPSS Versions 23 and 28 (Armonk, NY) was used for all
analyses.

3. Results

Sixty surgeons agreed to participate. Each participant took part in up to five surgi-
cal procedures post-call and non-post-call, with the majority of participants contributing
four surgeries in each condition. This yielded 362 cases total (150 Post-Call and 210 Non
Post-Call). Demographic and descriptive data regarding the participating surgeons are
provided in Table 1. Two-thirds of the surgeons were men, and most were non-Hispanic
White. They also were generally middle-aged and were experienced practitioners with an
average of approximately 15 years experience post-residency. General and surgical sub-
specialty surgeons constituted 52.4% of the cohort and obstetrical/gynecologic surgeons
represented most of the remainder. Of the 70.7% of surgeons who indicated that they su-
pervised residents, residents participated in 52.3% of their cases. Types of procedures ob-
served stratified by call status are shown in Figure 1. Caesarian section and herniorrhaphy
were the most common. Hours of sleep on the night before the operative procedure were
significantly less when Post-Call (4.98 + 1.41) vs. Non-Post-Call (6.68 + 0.88, p<0.01).
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Figure 1. Distribution of Surgical Procedures According to Post-Call Status.

The frequency of environmental events stratified by post-call status is shown in the
Supplement (Table S1). There were few individual differences between Post-Call and
Non-Post-Call status. However, events in the cluster E-Task were more common Post-Call
(Incident Rate Ratio [IRR]: 3.015, 95% Confidence Interval [95% CI]: 1.562-5.821, p=0.001).
In contrast, Equipment events were slightly less frequent Post-Call (IRR: 0.688, 95% CI:
0.493-0.904, p<0.05).

Errors occurred infrequently whether observed by the observer team or self-reported
by surgeons, nursing, or anesthesia. Their distribution is shown in the Supplement (Table
52); there was no association with the type of procedure or specialty of the surgeon (data
not shown). Although errors tended to be more frequent Post-Call, the difference was not
significant (IRR: 3.16, 95% CI: 0.623-16.018, p=0.165). In addition, there was no associa-
tion between hours of sleep and incidence of errors (IRR=0.996; 95% CI: 0.715-1.388,
p=0.996).

The ratings for NOTSS stratified by post-call status are shown in Table 3a. Non-post-
call status resulted in higher ratings for Situational Awareness and Decision Making with
a borderline effect for Communication and Teamwork. As shown in Table 3b, the fre-
quency of “Good” ratings was related to non-post-call status for Situational Awareness,
Decision Making and Communication and Teamwork, but not Leadership. Similarly,
more hours of sleep in fully adjusted models (Figure 2) were associated with higher
NOTSS ratings for Situational Awareness and Communication and Teamwork. For Situ-
ational Awareness, there was a 17.3% increase in the likelihood of having a higher NOTSS
rating for every hour of additional sleep. (Odds Ratio (OR): 1.173, 95% CI: 1.001-1.375,
p=0.048); for Communication and Teamwork, the increase in likelihood of a higher NOTSS
rating was 21.5% (OR: 1.215, 95% CI 1.058, 1.396, p=0.006). There was no significant impact
on Leadership (OR: 1.016, 95% CI: 0.957-1.279, p=0.173). A marginal effect was observed
for Decision Making (OR: 1.190, 95% CI: 0.990-1.430, p=0.064).
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Table 3a: Frequencies and Descriptive Statistics for NOTSS Ratings.

Post-Call Status

NO (¢, %; N=201) YES (#, %; N=142)
Mean SD 4 3 2 1 Mean SD 4 3 2 1
s 31 06w ary po @ P e @9 s e
bM 350 0.32 (91(?})) (91.95) (0?5) (g) 380 043 (;11.67) (126%9) (1%4) (8)
crr 365 038 (61;1.(;) (255%9) (46.;0) (0?5) 352 066 (6??3) (2?6) (;.32) (8)
LD 363 06l (615.87) (256?4) (45.50) (1%0) 357 0.6l (693(.)4) (3%)?3) (6?3) (8)

p<0.001 Non Post Call vs. Post-Call
tp=0.074 Non Post Call vs Post-Call

Table 3b: Frequency of “Good” Scores for NOTSS Ratings.

NOTSS Category Non Post-Call Post-Call p
Count % Count %

SA
4 (Good) 162 80.6 90 63.4 <0.001
All Other 39 11.4 52 15.2

DM
4 (Good) 181 90.1 116 81.7 0,011
All Other 20 10.0 26 18.3

CT
4 (Good 140 69.7 87 61.3 0.043
All Other 61 30.3 55 38.7

LD
4 (Good) 138 68.7 90 63.4 0.158
All Other 63 31.3 52 36.6

Rating Scale: 4=Good; 3=Acceptable; 2=Marginal; 1=Poor
SA: Situational Awareness

DM: Decision Making

CT: Communication and Teamwork

LD: Leadership
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OR 95% ClI
Situational Awareness, Unadjusted I L 2 { 1.176 1.002, 1.3792
Situational Awareness, Adjusted | I s { 1.173 1.001, 1.375
Decision Making, Unadjusted{ | 4 | | 1.220 1.008, 1.476
Decision Making, Adjusted E g Jl 1.180 0.990, 1.430
Communications/Teamwork Unadjusted | E & { 1.226 1.065, 1.412
Comuunications/Teamwork, Adjusted I % | 1.215 1.058, 1.396
Leadership, Unadjusted 1 lr 2 I 1.120 0.966, 1.300
Leadership, Adjusted | |————] 1106 0.957,1.279

10 11 12 13 14 15
Odds Ratio (95% CI)

Figure 2. Associations Between NOTSS Ratings and Hours of Sleep*.

*Hours of sleep was determined by sleep log. Odds Ratios (OR) represent the odds of a change in
rating category per hour of sleep. OR values are greater than 1 indicating that increase in sleep was
related to higher NOTSS ratings. Adjusted models were adjusted for operating room environmental
events.

There was no impact of hours of sleep, sleep quality, and number of awakenings on
operative procedure time (time from incision to extubation). However, as shown in Table
4, decreasing self-reported alertness was associated with an increase in operative time.
Secondary analyses indicated that this finding resulted primarily from vascular proce-
dures (N=17).
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Table 4. Association of Self-Reported Duration and Quality of Sleep with Procedure Time.

Unadjusted Adjusted
95% CI 95% CI
Estimate (b)  SE Lower  Upper p Estglr;}ate SE Lower Upper p

Hours of Sleep -0.393 1.651 -3.643 2.856  0.812 0.462 1.688 -2.865 3.790 0.785
Sleepin 24 hours -3.697  3.175 -9950 2556  0.245 -4.309 3.058 -10.338 1.719 0.160

Awakenings -0.914 1.403 -3.677 1.849  0.515 -1.839 1.421 -4.645 0.968 0.198
Sleep Quality -0.114 0.105 -0.320 0.092  0.278 -0.150 0.106 -0.358 0.057 0.155
Alertness -0.395 0.141 -0.674 -0.117 0.006 -0.345 0.146 -0.633 -0.057 0.019

Vascular Procedures Excluded
Alertness -0.286 0.158 -0.597 0.237  0.070 -0.020 0.136 -0.288 0.248 0.881

The frequency of events in the Task and Communication non-operative event clus-
ters stratified by post-call status is provided in Table 2. No significant differences were
observed in either the Task or Communication Clusters. However, as shown in Figure 3,
analyses as a function of hours of sleep demonstrated that events in the Communication
Cluster declined as hours of sleep increased (alRR: 0.797, 95% CI: 0.666-0.953). No associ-
ation with hours of sleep was observed for the Task Cluster (alRR: 0.932, 95% CI: 0.763-
1.138).
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IRR 85% Cl

Communication Events, Unadjusiad | I—Q—{ 0.8 0.644 0008

Communication Events, Adjustied }—0—{ 0.8 0.688, 0.953

Task Events, Unadjusted I * I 0.8 0.745 1.080

. | . |
Task Events, Adjusted | L | o098 07631138

07 08 0% 1.0 14
Incident Rate Ratio (95% Cl)

Figure 3. Associations Between Non-Operative Task and Communication Events and Hours of
Sleep*.

*Hours of sleep was determined by sleep log. Incident Rate Ratios (IRR) represent the incident event
rate per hour of sleep. IRR values are less than 1 indicating that increasing amount sleep was asso-
ciated with a reduction in incident events. Adjusted models were adjusted for operating room en-
vironmental events.

4. Discussion

In this study, we performed a prospective assessment of attending surgeons’ opera-
tive performance after having had a night of normal sleep opportunity in comparison to
anight of potentially diminished sleep as a result of being on-call. We found that although
surgeons who were post-call were on average sleep deficient, an increase in errors was
not observed. However, post-call status was related to lower ratings of non-technical sur-
gical skills. In addition, fewer hours of sleep on the previous night were associated with
an increase in operative procedure time particularly in vascular surgery cases, and a
greater number of communication issues among members of the operating room team.

After a night of being on call and performing at least 2 hours of clinical work, attend-
ing surgeons in this study experienced approximately 1.7 hours less sleep than on nights
without clinical duties. This amount of sleep deficiency did not lead to a significant change
in the number of errors observed during an operative procedure the following day. Sev-
eral prior systematic reviews,!7182 a recent large cross-sectional retrospective study'® and
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two meta-analyses have likewise found no adverse impact of surgeon fatigue on post-
operative mortality or complications,'”? or post-night work percutaneous coronary inter-
ventions.?* However, most of the studies included in these reports did not seek to directly
calculate sleep or sleep opportunity, but instead inferred that fatigue or sleep deficiency
was present based on the timing of the operative procedure (i.e., day vs. night) or the
previous workload of the surgeon (i.e., number of preceding procedures). In the only two
studies that provided a direct assessment of sleep opportunity or sleep, one found an in-
creased rate of complications in surgeons who had a sleep opportunity of less than six
hours,?" and the other found no association between post-operative complications and
hours of sleep. In contrast, studies of predominantly non-surgeons and resident physi-
cians have consistently found increased rates of medical errors in those who were sleep
deficient.*6'¢ In addition, a recent systematic review found that sleep deprivation ad-
versely affected technical skills during simulated surgical procedures although the impact
appeared less striking among attending surgeons.?

Two mechanisms could explain our inability to detect any increase in errors among
surgeons who were post-call in our study as well as the absence of increased mortality or
complications in prior studies. First, although the attending surgeon is “captain of the
ship” and bears ultimate responsibility, in most cases surgery is conducted as a team.
Other personnel such as the anesthesiologist, operating room nurses and in many cases
surgical residents also are active participants in the procedure. Their presence could have
mitigated against the occurrence of adverse events. Second, it has been suggested that
surgeons who are working at night preferentially schedule less complicated cases.?6 Third,
surgeons who are sleep deficient may have compensated for detrimental effects of sleep
loss by devoting greater attention to detail and working more slowly. If true, this type of
behavior runs contrary to previous human laboratory research that has found sleep defi-
cient subjects trade accuracy for speed when performing spatial configuration and search
tasks.?”?¢ However, under conditions where time pressure is generally not severe such as
during most elective surgical procedures, accuracy may not necessarily be sacrificed for
speed.? Although a recent study found a small decrease in the length of operations after
overnight work,' our finding that procedure times increased as alertness decreased sup-
ports the contention that surgeons can compensate for the adverse effects of sleep defi-
ciency in part by working more slowly.

We did find a positive association between hours of sleep as well as non-post-call
status and ratings on non-technical surgical skills. Situational awareness, decision making
and communication/teamwork, but not leadership improved with greater amounts of
sleep and non-post-call status as documented by the NOTSS instrument. The positive re-
lationship between the communication/teamwork component of the NOTSS and greater
amounts of sleep was corroborated by our observation that the number of disruptive com-
munication events increased as hours of sleep decreased. Collectively, these observa-
tions are consistent with the known adverse effects of sleep deficiency on attention, work-
ing memory, judgement and mood.%83%

There is increasing recognition that non-technical surgical skills are an important
component of effective surgical performance.#31-3 Deficiencies in these skills, particularly
communication issues, have been implicated as causal factors in retrospective studies of
adverse surgical events.?*% Most prospective studies assessing non-technical surgical
skills have been performed during simulated surgical procedures.’?> Observations in the
operating room have been more limited.?-#2 These studies noting poorer ratings of situa-
tional awareness were associated with an increase in errors®”.* and communication issues
were related to near-miss events,® errors,*® blood loss and longer operative time.*! How-
ever, none of these previous studies have linked lower ratings of non-technical surgical
skills with less sleep. Our results extend these prior studies by documenting that sleep
deficiency is an important causal factor leading to worse behavior related to non-technical
surgical skills.

There are several caveats to our findings. First, the number of errors we observed
was relatively small, and therefore our power to detect modest differences in errors rates
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was limited. It is possible that a larger study would have been more informative. In addi-
tion, while the independent observers were present in the operating room, they were not
“scrubbed in”. They did not always have visual access to the surgical field; consequently,
the number of errors detected was partially dependent on the extent to which errors were
discussed in the operating room in front of observers. Consequently, there is the potential
that errors were undercounted. Second, although we did not find an increase in the num-
ber of errors as a result of sleep deficiency, surgical case heterogeneity may have created
negative bias. We observed surgical performance over a broad range of procedures. They
ranged from those that were straightforward such as an inguinal hernia repair to those
that were more complex such as removal of an abdominal aortic aneurysm. However, we
did not find any association between the type of operative procedure and errors which
makes this explanation less tenable. Third, residents were members of the operative team
in some cases. Thus, it is possible that our results do not entirely reflect the performance
of the surgical attending. Errors may be greater in a teaching environment.® Last, the
amount of sleep deficiency induced by at least 2 hours of clinical duties was approxi-
mately 1.7 hours. This may have been inadequate to produce significant deterioration in
surgical performance. However, a study of interns and residents suggests that alertness is
impaired even with this amount of sleep loss.”

Despite the aforementioned limitations, our study has several strengths. In contrast
to most previous studies of sleep deficiency, we performed a prospective assessment of
surgical performance using trained independent observers. Importantly, our assessment
of sleep utilized sleep logs which have been validated against polysomnography in a re-
lated type of field study.® Three hundred sixty-two procedures comprising a broad spec-
trum of different types were evaluated. To our knowledge, this is largest prospective
study of the impact of sleep deficiency on surgical performance. We also used a well-
validated method of assessing non-surgical technical skills thus minimizing variability in
evaluations among the cases and observers.-4

In summary, sleep deficiency in attending surgeons was not associated with an in-
crease in errors during procedures performed during the next day in this study. However,
procedure time was increased suggesting that surgeons were able to compensate for sleep
loss by working more slowly. Ratings on non-technical surgical skills were adversely
affected by sleep deficiency, and communication events were more common with sleep
deficiency. Additional studies in larger cohorts are needed to assess the ramifications of
this observation.
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