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Abstract

Objectives: Evaluate the frequency of self-reported, post-call hazardous driving events in a
national cohort of general surgery residents and determine the associations between duty hour
policy violations, psychiatric well-being, and hazardous driving events.

Summary of Background Data: MVCs are a leading cause of resident mortality. Extended
work shifts and poor psychiatric well-being are risk factors for MV Cs, placing general surgery
residents at risk.

Methods: General surgery residents from US programs were surveyed after the 2017 American
Board of Surgery In-Training Examination. Outcomes included self-reported nodding off while
driving, near-miss MVCs, and MV Cs. Group-adjusted cluster Chi-square and hierarchical
regression models with program-level intercepts measured associations between resident- and
program-level factors and outcomes.

Results: Among 7391 general surgery residents from 260 programs (response rate 99.3%),
34.7% reported nodding off while driving, 26.6% a near-miss MVC, and 5.0% an MVC over the
preceding 6 months. More frequent 80-hour rule violations were associated with all hazardous
driving events: nodding off while driving {59.8% with =5 months with violations vs 27.2% with
0, adjusted odds ratio (AOR) 2.86 [95% confidence interval (CI) 2.21-3.69]}, near-miss MV Cs,
[53.6% vs 19.2%, AOR 3.28 (95% CI 2.53-4.24)], and MVCs [14.0% vs 3.5%, AOR 2.46 (95%
Cl 1.65-3.67)]. Similarly, poor psychiatric well-being was associated with all 3 outcomes [eg,
8.0% with poor psychiatric well-being reported MV Cs vs 2.6% without, odds ratio 2.55 (95% ClI
2.00-3.24)].
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Conclusions: Hazardous driving events are prevalent among general surgery residents and
associated with frequent duty hour violations and poor psychiatric well-being. Greater adherence
to duty hour standards and efforts to improve well-being may improve driving safety.

Keywords

ACGME duty-hour policies; emotional well-being; general surgery residents; hazardous driving
events; motor vehicle crashes

Motor vehicle crashes (MVCs) are an important public health concern. The National
Highway Traffic Safety Administration reported that 37,133 people died in MVCs in 2017.1
Among resident physicians, MVCs are one of the leading causes of mortality, accounting
for 2.03 deaths per 100,000 person-years in residents across all specialties.2 Many factors
are associated with MVCs, such as miles driven, driver speed, and driver fatigue.3-> The
National Transportation Safety Board recently performed an analysis of the prevalence of
fatigue as a probable cause, contributing factor, or finding in transportation accidents, and
identified fatigue as a component of 40% of highway crash investigations.®

Residents across all specialties are subject to fatigue, which could, in part, be related

to Accreditation Council on Graduate Medical Education (ACGME) duty hour policies
allowing shifts of extended duration.” Extended shifts are associated with higher rates

of MVCs in general medicine residents and interns across specialties.*® Furthermore, a
study of internal medicine residents found that poor psychiatric well-being, as defined by
symptoms of burnout, depression, fatigue, and sleeplessness, is associated with a greater
likelihood of self-reporting MV Cs.? Several studies have evaluated wellness in general
surgery residents, and have identified high rates of burnout and poor job satisfaction,10-12
Despite evidence that surgical residents are at risk, no prior study, to our knowledge, has
evaluated rates of MVCs and other hazardous driving events in general surgery residents
specifically.13

Thus, an important knowledge gap remains concerning the incidence of MVCs and
hazardous driving events in general surgery residents. Furthermore, in the current era of
changing duty hour policies and increasing focus on resident wellness, it is unknown how
duty hour violations and resident well-being are associated with hazardous driving events.
Using a national survey of residents in all 260 ACGME-accredited general surgery programs
in the United States, the objectives of this study were to (1) evaluate the frequency of 3 types
of self-reported hazardous driving events after being on call: nodding off while driving,
near-miss MVCs, and MVCs in a national cohort of general surgery residents, and (2) assess
the association of resident and program-level factors including ACGME duty hour policy
violations and resident psychiatric well-being with hazardous driving events.

METHODS

Data Source and Study Population

Residents from all 260 United States ACGME-accredited general surgery programs were
offered an optional closed-ended survey after the 2017 American Board of Surgery In-
Training Examination (ABSITE). Participants were excluded if they were not clinically
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active (ie, residents pursuing research, advanced degrees, or who did not answer the
clinically active question) or if they did not answer all 3 of the questions regarding
hazardous driving events. Participants with missing data were eliminated from analyses.
Resident responses and individual characteristics [eg, sex, postgraduate year (PGY), etc]
were de-identified by the American Board of Surgery (ABS) before analysis. Residency
program-level characteristics were provided by the ABS. The Northwestern University
Institutional Review Board determined this study to be nonhuman subjects research.

Survey Instrument

The post-ABSITE survey was adapted from previously published surveys and a review of
the literature. These items were pretested with general surgery residents using cognitive
interviews, and were iteratively reviewed and re-tested before inclusion in the final
survey.1415 Questions included information on safety-related events after being on call,
including nodding off while driving or stopped in traffic, near-miss MV Cs (defined

as an incident in which property damage or bodily harm was narrowly avoided), and

MV Cs. Residents were specifically asked how many times (0, 1, 2, 3-5, >5 times)

they had experienced each of these 3 outcomes after being on call over the past 6

months (representing the current academic year at the time of the ABSITE), with
responses subsequently dichotomized for analyses as 0 times versus 1 or more times.
Sensitivity analyses were performed examining different thresholds. Additional survey
items included frequency of ACGME duty hour regulation violations and psychiatric well-
being as measured by the general health questionnaire-12 (GHQ-12). The GHQ-12 is a
validated instrumented used to evaluate psychiatric well-being and potential for psychiatric
disorders.16:17 Respondents with scores greater than or equal to 4 indicate individuals who
exhibit poor psychiatric well-being, and may have, or are at greater risk of developing,
psychiatric disorders including depression, anxiety, or social dysfunction in accordance with
prior studies.18:19

Statistical Analysis

Cluster-weighted Chi-square tests accounting for resident clustering within programs were
used to evaluate differences in self-reported rates of nodding off while driving, near-

miss MVCs, and MV Cs after being on call by resident and program characteristics.
Characteristics evaluated for association with hazardous driving events included both
resident- and program-level variables. Resident characteristics included PGY, sex, ACGME
duty hour policy violations, and GHQ-12 score. Separate variables for ACGME duty hour
policy violations in the most recent month of a general surgery rotation (worked >28

hours continuously >3 times or had <8 hours off between regular shifts >3 times) and
ACGME duty hour policy violations over the academic year (number of months exceeding
80-hours per week averaged over a 4-week period) were included for analysis. GHQ-12
scores were dichotomized into low risk (score 0-3) versus high risk (score 4-12). Program
characteristics included geographic region, program locale (city, suburb, or town/rural),
program type (academic, community, or military hospital affiliation), and program size
(number of PGY5 residents: 0-5 vs >6). Locale was obtained from the National Center
for Education Statistics based on program ZIP code utilizing standard U.S. Census Bureau
definitions.20 For programs with ZIP codes not associated with a locale code, a search for
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nearby primary or secondary schools was conducted, and the locale associated with the
closest available school was used.

Separate multivariable hierarchical logistic regression models with random intercepts
for residency program plus fixed effects for resident and program characteristics were
estimated to examine the association between each of the pre-identified characteristics
and self-reported nodding off while driving, near-miss MVCs, and MV Cs after being on
call. Resident and program factors were included in the models regardless of statistical
significance on bivariate analysis. Based on these regression estimates, average marginal
predictors of hazardous driving event rates by the number of months with 80-hour rule
violations, holding all other variables as they are in the data, were computed and plotted.?!
Finally, unadjusted residency program-level trainee-reported rates of nodding off while
driving, near-miss MVCs, and MV Cs after being on call were calculated and plotted to
evaluate for variation across training programs.

The 2-sided level of significance was set at 0.05. All analyses were performed using Stata
Software, version 14 (Stata Corp, College Station, TX).

In total, 8227 general surgery residents took the ABSITE in 2017. There were 786 residents
who were not clinically active during the administration of the ABSITE, 46 who did not
answer the clinically active question, and 4 residents who did not answer all of the driving
safety questions. Thus, 7391 clinically active residents from all 260 ACGME-accredited
general surgery residency programs in the United States constituted the sample. The
response rate was 99.3%. The sample was 61.6% male and 38.5% female. Additional
demographic information and program factors are available in Table 1.

Hazardous Driving Event Rates

Of the general surgery residents included in the sample, 34.7% (n = 2565) reported nodding
off while driving after being on call over the prior 6 months (current academic year), 26.6%
of residents (n = 1962) reported a near-miss MVC, and 5.0% (n = 371) reported an MVC
over the same interval (Table 2).

Associations Between Resident-level Characteristics and Hazardous Driving Events

Female residents were more likely to report near-miss MV Cs than male residents {30.4%
vs 24.1%, P< 0.001; Adjusted Odds Ratio 1.20 [95% confidence interval (Cl) 1.07-1.35]}.
PGY2, PGY3, and PGY4 residents were more likely to report all 3 hazardous driving events
than PGY1 residents [eg, 38.3% of PGY2 residents reported nodding off while driving vs
30.7% of PGY1s, AOR 1.44 (95% CI 1.24-1.67); 29.6% reported near-miss MVC vs 24.9%
of PGY1s, AOR 1.29 (95% CI 1.10-1.51); and 6.0% reported MV Cs vs 4.2% of PGY 1s,
AOR 1.48 (95% CI 1.09-2.03)]. However, there were no statistically significant differences
between the likelihood of self-reported hazardous driving events between PGY5 and PGY1
residents (Table 3).
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Associations Between ACGME-duty Hour Violations and Hazardous Driving Events

Association

Association

Residents who reported working greater than 28-hours continuously =3 times in their most
recent month on a general surgery service were more likely to report nodding off while
driving [53.1% vs 31.8%, £< 0.001; AOR 1.63 (95% CI 1.39-1.91)] and near-miss MVCs
[44.1% vs 23.7%, P< 0.001; AOR 1.63 (95% CI 1.39-1.93)] than residents who reported
violating this duty hour regulation <2 times. Residents who reported having <8 hours off
between shifts >3 times in their most recent month on a general surgery service were more
likely to report nodding off while driving [50.8% vs 32.8%, £< 0.001; AOR 1.24 (95%

Cl 1.03-1.48)] and MVCs [11.7% vs 4.2%, P< 0.001; AOR 1.74 (95% CI 1.28-2.35)]

than residents who reported violating this duty-hour regulation <2 times. Residents with
more frequent 80-hour rule violations over the past 6 months were more likely to report
nodding off while driving [59.8% of residents with =5 months with violations vs 27.2% of
residents with 0, AOR 2.86 (95% CI 2.21-3.69)], near-miss MVCs [53.6% of residents with
=5 months with violations vs 19.2% of residents with 0, AOR 3.28 (95% CI 2.53-4.24)], and
MV Cs [14.0% of residents with =5 months with violations vs 3.5% of residents with 0, AOR
2.46 (95% CI 1.65-3.67); Table 3].

Between Psychiatric Well-being and Hazardous Driving Events

General surgery residents with a GHQ-12 score =4 (indicating poor psychiatric well-being)
were more likely to report nodding off while driving [42.1% vs 28.8% of residents with
scores <3, < 0.001; AOR 1.48 (95% CI 1.33-1.65)], near-miss MVCs [36.1% vs 19.0%, P
< 0.001; AOR 1.96 (95% CI 1.75-2.20)], and MVCs [8.0% vs 2.6%, P< 0.001; AOR 2.55
(95% CI 2.00-3.24); Table 3].

Between Residency Program-level Factors and Hazardous Driving Events

Residents in programs located in suburban areas were more likely than residents in programs
located in cities to report nodding off while driving [40.9% vs 33.5%, £=0.016; AOR 1.38
(95% CI 1.10-1.74)], and near-miss MVCs [31.6% vs 25.7%, P=0.028; AOR 1.34 (95%

Cl 1.06-1.70)]. There was no association between residency program geographic region,
program type (academic, community, or military), or program size and resident reports of
hazardous driving events.

Program-level Variation

At the program level, unadjusted rates of resident self-reported nodding off while driving
ranged from 0% to 71.9% across all 260 ACGME-accredited general surgery training
programs (Fig. 1). The percentage of residents reporting near-miss MVCs in residency
programs ranged from 0% to 62.2%, whereas reports of MVCs ranged from 0% to 30.0%.
Very few programs had 0 resident reports of nodding off while driving (n = 5) or near-miss
MVCs (n = 6) over the past 6 months, whereas 95 programs had no resident reports of
MVCs.

Average Marginal Predictions of Hazardous Driving Events

By holding all other covariates as they are in the dataset, the variation in the outcome
contributed by 1 particular risk factor can be applied to all individuals. This describes the

Ann Surg. Author manuscript; available in PMC 2022 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schlick et al.

Page 6

magnitude of change in outcome should all individuals develop that risk factor (“average
marginal prediction™). If all residents in this sample had 0 violations of the 80-hour rule over
the preceding 6 months, the average marginal predicted rate of nodding off while driving
would be 28.7% (95% CI 26.9%—-30.5%), 21.0% (95% CI 19.4%-22.5%) for near-miss
MVCs, and 4.0% (95% CI 3.3%—4.7%) for MVC (Fig. 2). In contrast, if all residents
violated the 80-hour rule =5 overthe preceding 6 months, the average marginal predicted
rates of these hazardous driving events would be 51.5% (95% CI 45.8%-57.3%) for nodding
off while driving, 44.0% (95% CI 38.4%-49.5%) for near-miss MVC, and 9.0% (95% CI
6.3%—-11.8%) for MVVC. Thus, the average marginal predicted effect of residents violating
the 80-hour rule for 5 or more months is a 22.8% absolute increase in reported rates of
nodding off while driving after being on call (95% CI 16.9%-28.6%), a 23.0% absolute
increase in reported rates of near-miss MVCs (95% CI 17.4%-28.7%), and a 5.0% increase
in reported MVCs (95% CI 2.2%-7.9%) above those rates experienced without 80-hour
policy violations. Sensitivity analyses were performed with violations of the 28-hour and
8-hour policies yielding qualitatively similar results.

DISCUSSION

Deaths among residents are relatively infrequent events, but of those deaths, MV Cs are

a leading cause.? In light of recent studies reporting that general surgery residents are

at risk for poor wellness, that there is a link between wellness and fatigue, and that

there is a relationship between fatigue and MVCs, we sought to examine the rates of
hazardous driving events in this population of surgical trainees.13 By surveying 7391
surgery residents from all 260 ACGME-accredited general surgery programs in the United
States, with a 99.3% response rate, we were able to perform a comprehensive and detailed
national evaluation of self-reported hazardous driving events among surgical residents.
Overall, 34.7% of residents reported nodding off while driving, 26.6% reported a near-miss
MVC, and 5.0% reported an MVC after being on call over the preceding 6 months. Self-
reported event rates were more common among residents who had more ACGME duty-hour
violations and those with poor psychiatric well-being.

Hazardous Driving Event Rates and Factors Associated with Hazardous Driving Events

Sleepiness and fatigue have been shown to be major contributing factors in highway crashes,
with sleepiness-associated crashes having higher fatality rates than other crash types.22-24
Greater than one-third of residents in this study reported nodding off while driving after
being on call over the prior 6-month interval. A small prior survey found that 16% of
professional drivers reported nodding off while driving a motor vehicle, without a specified
time frame provided in the question stem.25 Although the reported rate of nodding off

while driving in general surgery residents in this study is much higher than that reported

by professional drivers, it is not so divergent from other healthcare professionals. A study
predominantly composed of nurses found that 27.1% of survey participants reported nodding
off while driving over the past year, but this rate increased to 49.3% among those who

work night shift and 51.3% in those who work a rotating schedule.® Similar sleepiness

and fatigue issues are likely to affect both nurses and general surgery residents, particularly
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because both are subject to rotating schedules and there is some evidence to suggest that
exposure to night-shift work may predict adverse driving outcomes.2’

Residents who reported repeated violations of ACGME duty hour policies, specifically those
who frequently worked greater than 28 hours continuously, had fewer than 8 hours off
between shifts, or exceeded 80-hours of work per week averaged over a 4-week period, had
an increased likelihood of reporting hazardous driving events. These findings are similar to
those of Barger et al, who reported an approximately 2.5-fold increased incidence of MVCs
and 6-fold increased incidence of near-miss incidents in interns of varying specialties after
extended work shifts (=24 hours) versus shifts of a shorter length.# Similarly, Anderson

et al, reported a 3-fold increase in self-reported adverse driving events in residents of
varying specialties commuting home after extended work shifts compared with commuting
to the hospital.8 A likely explanation for this association between extended shifts and
hazardous driving events is resident fatigue, making residents more susceptible to hazardous
driving events.28:29 Considering the average marginal predicted effect of a 22.8% increase

in nodding off while driving, a 23.0% increase in near-miss MVCs, and a 5.0% increase in
MVCs in the hypothetical situation when all residents violated the 80-hour rule monthly,
compared to no residents violating the same rule, efforts to decrease duty-hour violations are
warranted to promote resident safety.

Residents with poor psychiatric well-being may be more subject to feelings of fatigue, and
this study found that poor psychiatric well-being was also associated with all 3 hazardous
driving events. Among residents with GHQ-12 scores indicating poor psychiatric well-
being, 42.1% reported nodding off while driving after call over the prior 6-month interval,
36.1% reported a near-miss MVC, and 8.0% reported an MVC. These findings are consistent
with prior studies concluding that patients with psychiatric disorders have elevated rates

of MVCs.30:31 This association highlights the importance of ongoing nationwide efforts to
improve both resident well-being and the training environment.

Although this study did not reveal geographic variation in self-reported hazardous driving
events after call in general surgery residents, we did find that residents in suburban programs
had an increased odds of reporting nodding off while driving and near-miss MVCs in
comparison to residents at programs located in cities. These findings could be related to
variation in the number of residents who rely on automobile transportation in these areas.
Residents in urban programs may be more likely to walk or use public transportation

rather than drive, thereby decreasing their likelihood of experiencing a hazardous driving
event. Some residency programs provide transportation vouchers or free access to taxis and
rideshare services for post-call residents, and it may be worth exploring if these or similar
types of resources would be beneficial to other residency programs.

Overall, we report a 5.0% rate of self-reported MVCs in general surgery residents after
being on call over a 6-month interval. To our knowledge, other studies have not specifically
evaluated post-call MVCs in a resident population. However, when comparing our findings
to the national population of a similar age, we find that 25-34 year-olds have a 6.3% annual
rate of MVCs. Unfortunately, it is difficult to comprehensively interpret these findings in the
absence of more specific comparable data regarding MVC rates in the general population
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which, to our knowledge, are not readily and/or publicly available. Though it would be
difficult to create a national registry, MVCs and/or hazardous driving events may be a
valuable measure for individual residency programs to monitor over time.

This study has several limitations. First, this study was survey-based and only offered

to general surgery residents. Therefore, the findings can identify associations but not
causation, and the results may not be generalizable to all other surgical specialties or
medical specialties. Additionally, because of the survey methodology used in this study, no
ideal control is available to compare resident reported hazardous driving events after call
to those experienced by the general population in similar circumstances. Second, given the
self-reported nature of surveys, some residents may not accurately report hazardous driving
events or ACGME duty hour violations for reasons such as fear of being identified and
punished for negative comments about their program. Residents may also have interpreted
survey questions differently; however, the use of cognitive interviews during survey design
suggested that residents tended to interpret the questions similarly, and as intended. Third,
the survey design of this study subjects the responses of the residents to recall bias. We
attempted to mitigate the self-reporting limitation and recall bias by asking residents about
hazardous driving events that occurred over a recent, specifically defined time period (6
months, representing the current academic year at the time of survey administration) rather
than over their entire training. Additionally, we asked residents to recall only hazardous
driving events that occurred after being on call; therefore, this study may underestimate
the true incidence of hazardous driving events. Fourth, this study only addressed violations
to specific ACGME duty hour policies. Although we find that frequent violations of the
28-hour, 8-hour, and 80-hour rule are associated with hazardous driving events, we cannot
infer what the effect of more stringent ACGME duty-hour policies would be based on this
study. Additionally, we are unable to determine if various call patterns or utilization of a
night float system impact hazardous driving events. Fifth, as noted previously, there was
likely variation in residents’ utilized modes of transportation. It is unclear from our study
what the denominator is of residents who drive automobiles to and from work. Sixth, among
those residents reporting hazardous driving events, we did not query residents as to whether
they were the driver or passenger, or whether they perceived themselves to be liable for the
incident. However, our cognitive testing of the survey confirmed that residents understood
the questions to imply that they were the driver. Finally, some residency programs provide
transportation vouchers for residents to have a compensated ride home from work after
call, which could decrease the likelihood of residents experiencing a hazardous driving
event. However, the prevalence of such interventions was not captured in this survey and,
anecdotally, this does not currently seem to be a widespread practice.

CONCLUSIONS

In this comprehensive national survey of surgical residents, we found relatively high self-
reported rates of hazardous driving events such as nodding off while driving, near-miss
MVCs, and MVCs after call shifts. Residents who reported frequent ACGME duty hour
policy violations and poor psychiatric well-being were more likely to report hazardous
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Residency program-level rates of hazardous driving events.
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Average marginal predictions for hazardous driving events by number of months the 80-h
rule was violated. While holding all other individual covariates as they are in the dataset
and calculating the risk associated with a particular factor, average marginal predicted event
rates can be calculated by applying that risk to each individual in the cohort. Here, predicted
event rates are shown for MVC, near-miss MVC, and nodding off while driving if each
resident had 0, 1-2, 3-4, or =5 months with 80-hour rule violations over the preceding 6

month interval.
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Resident and Program Characteristics

TABLE 1.

Total (N = 7391)

n (%)

Sex

Male 4528 (61.6)

Female 2829 (38.5)
Postgraduate year

1 2127 (28.8)

2 1563 (21.2)

3 1303 (17.6)

4 1224 (16.6)

5 1174 (15.9)
Worked >28 h continuously*

0-2 times 6369 (86.2)

3 or more times 1022 (13.8)
Had <8 h off between shifts

0-2 times 6590 (89.2)

3 or more times 801 (10.8)
Number of months exceeded 80-h per week rule over the past 6 mo (this academic year)

0 4573 (61.9)

1-2 1850 (25.0)

3-4 617 (8.4)

5 or more 351 (4.8)
GHQ-12 score

0-3 4117 (55.7)

4-12 3270 (44.3)
Program geographic region

Northeast 2473 (33.5)

Southeast 1425 (19.3)

Midwest 1597 (21.6)

Southwest 852 (11.5)

Wiest 1044 (14.1)
Primary program Iocalef

City 5877 (79.5)

Suburb 1079 (14.6)

Town or rural 435 (5.9)
Program type

Academic 4448 (60.2)

Community 2727 (36.9)

Military 216 (2.9)

Number of PGY5 slots in program
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Total (N = 7391)
n (%)
0-5 4010 (54.3)
6 or more 3381 (45.7)

*
In the most recent month of a general surgery rotation.

7LPrimary program locale designated by National Center for Education Statistics locale type for nearby primary or secondary school.

GHQ indicates general health questionnaire.
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