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ABSTRACT

Background The Accreditation Council for Graduate
Medical Education (ACGME) enacted a policy in 2011
that restricted first-year resident physicians in the USA
to work no more than 16 consecutive hours. This was
rescinded in 2017.

Methods We conducted a nationwide prospective
cohort study of resident physicians for 5 academic

years (2002—2007) before and for 3 academic years
(2014-2017) after implementation of the 16hours 2011
ACGME work-hour limit. Our analyses compare trends in
resident physician-reported medical errors between the
two cohorts to evaluate the impact of this policy change.
Results 14796 residents provided data describing
78101 months of direct patient care. After adjustment
for potential confounders, the work-hour policy was
associated with a 32% reduced risk of resident physician-
reported significant medical errors (rate ratio (RR) 0.68;
95% C1 0.64 to 0.72), a 34% reduced risk of reported
preventable adverse events (RR 0.66; 95% Cl 0.59 to
0.74) and a 63% reduced risk of reported medical errors
resulting in patient death (RR 0.37; 95% CI 0.28 to
0.49).

Conclusions These findings have broad relevance

for those who work in and receive care from academic
hospitals in the USA. The decision to lift this work hour
policy in 2017 may expose patients to preventable harm.
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INTRODUCTION

Resident physicians’ work hours have
been a subject of controversy in the USA
for more than two decades.' From 2003
to 2011, the Accreditation Council for
Graduate Medical Education (ACGME)
limited residents in their first postgrad-
uate year to a maximum of 30 consec-
utive work hours, including 6 hours
for continuity of care and educational

What is already known on this topic

= Work-hour limitations for first-year
resident physicians have been enacted
and then rescinded in the USA,
with studies showing mixed benefit
depending on the outcome of interest.

= No study has examined the impact of
the 16 hours 2011 Accreditation Council
for Graduate Medical Education work-
hour limitation on resident physician-
reported patient safety outcomes for
patients under their direct care.

What this study adds

= The national policy limiting first-
year resident physicians to work no
more than 16 consecutive hours was
associated with substantial reductions
in harmful and fatal resident-reported
medical errors.

How this study might affect research,

practice and/or policy

= Policy-makers in the USA should
consider limiting the work hours of
resident physicians to protect patient
safety.

activities  (30hours 2003 ACGME
work-hour limit).” Subsequent evalu-
ations found that shifts of 24 or more
hours were associated with increased
odds of fatigue-related medical errors
and preventable adverse events (PAEs),’
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percutaneous injuries* and motor vehicle crashes.” A
randomised controlled trial found that limiting first-
year resident physicians to 16 consecutive work hours
significantly improved resident alertness and patient
safety.® 7 Altogether, a body of evidence accumulated
suggesting that reducing or eliminating shifts longer
than 16 hours did not negatively impact resident
education and likely improved patient safety and
resident quality of life.® Subsequently, the Institute of
Medicine of the National Academies (IOM) reviewed
the available evidence and concluded that it was unsafe
for any resident physician to provide clinical care for
>16 consecutive hours without sleep.” ' In response,
the ACGME issued new work-hour regulations on 1
July 2011, limiting first-year resident physicians to a
maximum of 16 consecutive work hours and empha-
sising a commitment to patient safety and mitigation
of fatigue-related risks (16 hours 2011 ACGME work-
hour limit)."!

The response within the medical community to the
16 hours 2011 ACGME work-hour limit was mixed.'?
Many stakeholders expected the changes to diminish
the educational experience." The increased frequency
of patient handoffs raised concerns, as physician-
to-physician handoffs have historically been non-
standardised and prone to error.'* In addition, the
work-hour limitations were not accompanied by an
increased number of residency slots, leading to work
compression and a shift in some responsibilities to
other clinical providers,” as well as concerns about
resident physician understaffing. Several studies of
the 16 hours 2011 ACGME work-hour limit found
that it had no impact on hospital-level mortality
or mortality following surgical procedures.'®™® In
light of these studies and opposition to the work-
hour limit from within the medical community, the
ACGME lifted the 16-hour limit as of 1 July 2017,
again allowing first-year resident physicians to be
scheduled for 24 hours of continuous work, plus
up to 4 hours for care transitions (28 hours 2017
ACGME work-hour limit).

A limitation of several studies that informed this
latest policy change is that the primary end points
lacked sensitivity (eg, hospital-wide mortality) or were
only tangentially related to the care provided by first-
year resident physicians (eg, evaluating the impact of
the 16 hours work-hour limit for first-year surgical
residents using the outcome of fatal or serious compli-
cations after surgical procedures within institutions
where first-year surgical residents have a minimal role
in surgical procedures).'*° The impact of the 16 hours
2011 ACGME work-hour limit on patient safety
outcomes directly reported by resident physicians has
not been studied. Therefore, we undertook an evalua-
tion to determine whether resident physician-reported
patient safety outcomes changed following implemen-
tation of the 16 hours 2011 ACGME work-hour limit.

METHODS

We carried out nationwide prospective cohort studies
of resident physicians for 5 academic years (2002—
2007) before and for 3 academic years (2014-2017)
after implementation of the 16hours 2011 ACGME
work-hour limit.*! Data were not available for transi-
tion years (2008-2013). During the transition period
resident physician work-hour changes were being
made nationwide in response to the IOM report (find-
ings first made public in 2008),'’ and a 2010 ACGME
report reaffirmed many of the IOM conclusions and
established a target date of 1 July 2011 for imple-
mentation of the new policies, with exceptions for
programmes that needed one or more additional years
to make the transition.'’ Our analyses compare trends
in resident physician-reported medical errors between
the two cohorts. A Certificate of Confidentiality was
issued by the Centers for Disease Control and Preven-
tion. All variables used in this analysis were collected
using the same wording and frequency in both cohorts.
The methods have been described in detail in prior
publications.*™ !

Recruitment and data collection
In the initial cohort, all US medical school graduates
and all additional individuals who matched to a US
residency programme received an invitation to partic-
ipate in the study. In the second cohort, all medical
school graduates who completed an application
through the Electronic Residency Application Service
were emailed the same invitation to participate.
Respondents were asked to provide electronic
informed consent. In the first month of residency, indi-
vidualised links were sent via email to complete the
baseline survey. The baseline survey collected demo-
graphic information. Subsequent monthly reports
collected work-hour information, including the
frequency of extended duration shifts, hours engaged
in patient care and total hours of work. Participants
also self-reported the primary outcome: significant
medical errors in the past month (“Do you believe that
you made a significant medical error, whether or not
an adverse patient outcome occurred”), whether or
not they believed fatigue contributed to the error, the
number of errors and the patient outcome resulting
from the errors. Resident physician-reported errors
resulting in patient harm were considered PAEs. We
also queried how many times participants nodded
off or fell asleep (attentional failures) during specific
patient-care activities (during surgery or while talking
to, or examining, patients).

Statistical analysis

The primary analysis tested the association between
the 16 hours 2011 ACGME work-hour limit and the
resident physician-reported patient safety outcomes
of interest. Secondary analyses tested the associa-
tion between weekly work hours, extended duration
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shifts and resident physician-reported patient safety
outcomes independent of cohort. We excluded months
where participants reported =14 work-free days, or
where work-hour information was missing or exceeded
168 hours of work per week. We further excluded
months where no direct patient care was reported (eg,
research rotation).

Demographics were compared between groups using
Wilcoxon rank-sum test and Pearson’s x> test. The sum
of hours spent physically awake in the hospital, classes
or workplace (excluding occasional employment outside
the residency (moonlighting)), plus the number of hours
asleep in the hospital were considered weekly work
hours. Monthly reports of work, sleep and stress were
compared using generalised linear mixed models which
accounted for clustering of respondents and the depen-
dence between repeated measures.

We calculated the incidence of each resident-reported
patient safety outcome before and after the 16 hours
2011 ACGME work-hour limit. Incidence rate ratios
(IRR) were constructed, and the significance of the
IRR was tested using likelihood ratio tests in log-linear
models. Similar results were obtained using Pear-
son’s and deviance-based scaled Poisson models. Rare
outcomes were dichotomised. We used generalised
linear mixed models with a binomial distribution and
log-link function to estimate the risk of each outcome.
All models adjusted for hours spent in patient care
that month. We identified additional confounders a
priori based on relevance to the research question and
biological plausibility. We imputed age with the median
when missing using the missing indicator method.**
Fully adjusted models controlled for age, gender,
specialty programme, university-based versus commu-
nity hospital, an imputation indicator variable and the
hours of patient care for that month. Secondary anal-
yses used mixed effects models with data from both
cohorts to examine extended duration shifts or weekly
work hours as independent variables of interest. These
pooled analyses controlled for cohort using a condi-
tional likelihood approach. Sensitivity analyses strati-
fied by cohort and surgical/non-surgical specialty. SAS
(V.9.4, Cary, North Carolina, USA) was used for statis-
tical analysis. All tests were two-sided and p<0.05 was
considered statistically significant.

RESULTS

A total of 21862 residents who matched to a US resi-
dency programme during the study interval consented
to participate (including 9% of all US medical residents
from 2002 to 2007 and 18% of US medical residents
from 2014 to 2017). Approximately 75% of those who
consented provided data and were included in the study
cohort (cooperation rate). Six thousand two hundred
eleven first-year resident physicians completed 45261
monthly reports between 2002 and 2007 and 9778
first-year resident physicians completed 61205 monthly
reports between 2014 and 2017 (106 466 total monthly

reports). After applying exclusion criteria, 80266 monthly
reports from 15276 first-year resident physicians were
available*' and 14796 individual residents reporting on
78101 months with direct patient care were included in
the current analyses (online supplemental figure 1).

Characteristics of the study sample

Resident physicians who contributed data after 2011
were less likely to report female gender and affiliation
with a university-based programme (table 1).*' The
composition of specialties was largely similar. Weekly
hours of work decreased following the 16 hours 2011
ACGME work-hour limit from 71hours (SD 18) to
62hours (SD 17), p<0.001, while hours engaged in
patient care remained the same (50hours (SD 20)
vs 49 hours (SD 19), p=0.40). Participants reported
fewer extended duration shifts per month (4.0 (SD
3.4) vs 0.2 (SD 1.2), p<0.001).

Incidence and adjusted risk of resident physician-
reported adverse safety outcomes following the 16
hours 2011 ACGME work-hour limit

We observed an absolute excess of 0.611 (95% CI
0.305 to 0.913) resident physician-reported serious
medical errors per-person-year, 0.086 (95% CI 0.043
to 0.129) PAEs per-person-year, and 0.042 (95%
CI 0.020 to 0.064) errors resulting in patient death
per-person-year prior to the 16 hours 2011 ACGME
work-hour limit (relative to after the work-hour limit).
The incidence for each adverse resident physician-
reported patient safety outcome studied was signifi-
cantly reduced following the 16 hours 2011 ACGME
work-hour limit, both in unadjusted analyses (table 2)
and after adjustment for potential confounders
(figure 1). The risk of at least one significant medical
error reported in a month was reduced 32% (rate ratio
(RR) 0.68; 95% CI 0.64 to 0.72, fully adjusted model).
A similar decrease was noted in the rate of reported
PAEs (RR 0.66; 95%CI 0.59 to 0.74), while the risk
of first-year resident physicians reporting a fatal PAE
was reduced >60% (RR 0.37; 95%CI 0.28 to 0.49).
The rate of patient-care-related attentional failures
was reduced >40% (IRR 0.58; 95% CI 0.54 to 0.62).

Work hours, extended duration shifts and resident
physician-reported patient safety outcomes
Participants in both cohorts reported exceeding 80
hours of work per week (averaged across 4 weeks)
and working extended duration shifts (EDS). Inde-
pendent of cohort, working >80 hours per week and
working EDS were each independently associated
with an increased risk of resident physician-reported
significant medical error (table 3). Compared with
working no EDS, working even one EDS in a month
increased the risk of resident physician-reported
adverse outcomes. Similarly, compared with working
up to 60 hours per week, increased risks of resident
physician-reported adverse outcomes were seen for
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Table 1 Demographic characteristics of the study sample
2002-2007 2014-2017

Baseline characteristics N=5485 N=9311 P value
Age 28.9+3.9 28.7+3.2
Female gender n (%) 3106 (57%) 4514 (48%)

Unknown 31 (1%) 634 (7%)
Specialty n (%)*

Internal medicine 1366 (24%) 2358 (25%)

Family practice 643 (11%) 1125 (12%)

Paediatrics 790 (14%) 1080 (11%)

General surgery and surgical specialties 643 (11%) 934 (10%)

Emergency medicine 369 (7%) 687 (7%)

Obstetrics/Gynaecology 364 (6%) 509 (5%)

Psychiatry 251 (4%) 422 (4%)

Anaesthesiology 30 (1%) 430 (4%)

Other (including combined) 1129 (20%) 1402 (15%)

Unknown 95 (2%) 649 (7%)
University-based programme n (%) 3643 (66%) 5661 (61%)
Monthly characteristics N=30155 N=47946
Weekly work hours 71.1+£18.4 62.1+£16.9 <0.001
Hours engaged in patient care 49.6+19.6 49.3+19.3 0.40
Additional weekly work hours related to programme 3.7+4.2 5.0£6.3 <0.001
Extended duration shifts per month 4.0+3.4 0.2+1.2 <0.001
Nightly sleep duration 6.47+1.2 6.73£1.1 <0.001
Sleep duration on extended duration shifts 2.52+1.5 1.87+1.8 <0.001
Proportion of extended duration shifts without sleep 0.08+0.27 0.29+0.46 <0.001
Perceived stress 4.5+1.6 4.5+1.6 0.99

Plus-minus values are means+SD. Unadjusted generalised linear regression models adjusted for clustering of individual responses were used to compare

monthly characteristics. Created by the authors.
*Column percentages may not add to 100% due to rounding.

those residents working >60-70hours per week,
those working >70-80hours per week and those
working >80hours per week in a dose-dependent
fashion (table 4). Stratified analyses are presented in
online supplemental tables 1 and 2.

DISCUSSION

Following implementation of the 2011 ACGME work-
hour restrictions, we found that first-year resident
physicians reported making fewer significant medical
errors, errors resulting in patient harm and errors

Table 2 The incidence of resident physician-reported adverse safety outcomes before and after the 16 hours 2011 ACGME work-hour

limit
2002-2007 2014-2017 Incidence
rate
Months Outcomes Rate per person-year Months Outcomes Rate per person-year ratio P value
Attentional failures 30155 12777 5.085 47946 13799 3.454 0.67 <0.001
Medical errors 30155 10660 4.242 47946 14506 3.631 0.86 <0.001
Fatigue-related 30155 6390 2.543 47946 8719 2.182 0.86 0.001
Non-fatigue-related 30155 4270 1.699 47946 5787 1.448 0.85 0.007
PAE 30155 780 0.310 47946 893 0.224 0.72 <0.001
Fatigue-related 30155 354 0.141 47946 435 0.109 0.77 0.002
Non-fatigue-related 30155 426 0.170 47946 458 0.115 0.68 <0.001
Fatal PAE 30155 171 0.068 47946 103 0.026 0.38 <0.001
Fatigue-related 30155 106 0.010 47946 58 0.004 0.40 0.02
Non-fatigue-related 30155 65 0.010 47946 45 0.005 0.51 <0.001

P values were obtained from generalised log-linear regression models. Created by the authors.
ACGME, Accreditation Council for Graduate Medical Education; PAE, preventable adverse event.

4

Weaver MD, et al. BMJ Qual Saf 2022;0:1-9. doi:10.1136/bmjqs-2021-014375

1ybuAdoo

Aq pa1da101d “AusiaAun wioxBuoeInyd e €202 ‘€T Arenuer uo /wod fwg A1ayesAuenby/:dny woly papeojumoq 'zzoz AeN 0T U0 GZET0-TZ0Z-Shiua/9eTT 0T Se paysyand 1s11 :yes end CINg


https://dx.doi.org/10.1136/bmjqs-2021-014375
http://qualitysafety.bmj.com/

Original research

]
Attentional Failure|
o
Medical Error
.
o1
Preventable Adverse Event (PAE) rr
——t
Fatal PAE
——
0.1 0.5 1 10

Relative Risk (95% ClI)

o Basic Model
e Fully Adjusted Model

Figure 1 The risk of resident physician-reported adverse patient safety
outcomes for first-year resident physicians who contributed data after
implementation of the 16 hours 2011 Accreditation Council for Graduate
Medical Education work-hour limit relative to first-year resident physicians
who contributed data from 2002 to 2007. Basic models are adjusted for
hours in patient care. Fully adjusted models are adjusted for age, gender,
specialty and hours in patient care. All models are generalised linear mixed
models with a binomial distribution and logit link function. Created by the
authors.

resulting in patient death. Despite fears that the policy
would limit hands-on training, reported hours spent in
patient care remained unchanged. Extrapolating these
findings to the first-year resident physician population
in the USA would suggest that prior to the implemen-
tation of the 2011 reforms, first-year resident physi-
cians perceived that they committed an additional
22000 errors, 3100 of which led to PAE, and 1500 of
which resulted in death, on a yearly basis compared to
after the reform.

Our results are in contrast with other recent eval-
uations of the ACGME’s implementation of the
16-hour shift limit in 2011. In the FIRST (Flexibility
in duty hour Requirements for Surgical Trainees) trial,
first-year resident physicians at surgical programmes
assigned to the flexible work-hour group were allowed
to exceed 16 consecutive hours of work and required
time off between shifts was reduced.!” The mortality

rate following general surgery was not inferior at
teaching hospitals allowed to exceed the 16hours
2011 ACGME work-hour limit compared with hospi-
tals assigned to follow those limits."” However, in
those hospitals, the first-year surgical residents have
minimal roles in the surgical outcomes that were eval-
uated (surgical mortality and major complications, the
study’s primary end point), as first-year surgical resi-
dents spend only a small fraction of their time in the
operating room (estimates suggest 1hour per day),”
and their roles there are constrained by design (with
involvement in 1% of complex cases).”* Moreover, no
information was collected on the actual hours worked
by the surgical residents in the FIRST trial, or whether
the institutions that were allowed to schedule their
surgical residents for >16 hours per shift actually did
so, given the potential exposure to malpractice liability
due to the IOM report’ and concerns regarding the
ethics of the trial.”

Another recent effort, the i{COMPARE (Individu-
alized Comparative Effectiveness of Models Opti-
mizing Patient Safety and Resident Education) trial,*’
compared programmes randomised to flexible work
hours (where extended duration shifts were permitted)
with programmes that maintained the 2011 ACGME
work-hour restrictions, and similarly found that
flexible programmes were not inferior to standard
programmes with respect to 30-day hospital-level
mortality (primary outcome) or patient safety indica-
tors. Like the FIRST trial, the {COMPARE trial had a
primary end point that lacked sensitivity and a direct
connection to the care provided by first-year resident
physicians. In addition, the prespecified non-inferiority
threshold allowed for non-inferiority to be declared
as long as hospital-level 30-day mortality for any
cause did not increase in the flexible group by >1%.
Whether this prespecified threshold is consistent with
an acceptably small degree of harm?® is questionable,
and clinically significant decrements in patient safety
may have gone unrecognised as a result.”’ In any case,
neither of these studies suggested limiting work hours

Table 3 The adjusted association between weekly work hours, extended duration shifts and resident physician-reported adverse safety

outcomes
WWH EDS Combined categorical WWH and EDS
N person <80WWH <80 WWH >80 WWH >80 WWH
N cases  months <80 >80 None =21 No EDS =1EDS No EDS =1EDS

Attentional 26576 78101 Ref 2.15 * Ref 2.17 * Ref 2.06 1.95 3.69
failures (2.04 to 2.26) (2.03t0 2.32) 192t0221) (1.79t02.13) (3.421t03.98)
Medical 25166 78101 Ref 2.07 * Ref 1.83 * Ref 1.86 2.18 3.07
errors (1.97 t0 2.18) (1.71t0 1.95) (1.74t02.00) (2.00t02.37) (2.85t03.32)
PAE 1673 78101 Ref 2.07 * Ref 1.62 * Ref 1.63 237 2.67

(1.82t0 2.35) (1.38t0 1.89) (1.36t0 1.94)  (1.94t02.88) (2.22t03.19)
Fatal PAE 274 78101 Ref 1.32 Ref 1.88 t  Ref 2.05 1.77 2.01

(0.97 to 1.78) (1.25t0 2.84) (1.34103.14)  (0.99t03.14) (1.281t03.15)
All models adjusted for age, gender, specialty, hours in patient care, community versus university programme and cohort. Created by the authors.
*P<0.001.
1P=0.002.

EDS, extended duration shifts; PAE, preventable adverse event; Ref, reference; WWH, weekly work hours.
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Table 4 The adjusted association between increasing weekly work hours and resident physician-reported adverse safety outcomes

Weekly work hours (n=person months)

<60 >60 and <70 >70 and <80 >80

n=27989 n=17175 n=19221 n=13716 P value
Attentional failures Ref 1.71(1.60 to 1.81) 2.25(2.12 t0 2.39) 3.50 (3.28 t0 3.73) <0.001
Medical errors Ref 1.82(1.71to 1. 94) 2.53(2.38t0 2.68) 3.58 (3.36 t0 3.82) <0.001
PAE Ref 2.13(1.79 t0 2.53) 2.66 (2.26 t0 3.14) 3.89 (3.27 t0 4.63) <0.001
Fatal PAE Ref 1.75 (1.16 to 2.64) 2.69 (1.84 t0 3.94) 2.39(1.59t0 3.59) <0.001

All models are adjusted for age, gender, specialty, community versus university programme, hours in patient care and cohort. Created by the authors.

PAE, preventable adverse event; Ref, reference.

is harmful to patient safety. Therefore, given the asso-
ciated improvements in physician safety that we have
previously reported,”' and the improvement in resi-
dent physician-reported patient safety that we report
here, taken together, these studies indicate that the
2011 ACGME policy limiting first-year resident physi-
cian work hours was associated with an improvement
in both physician and patient safety.

In addition to these two trials, prior retrospective
studies using administrative data similarly concluded
that the 16hours 2011 ACGME work-hour limit
did not appreciably impact hospital-level mortality
or process of care measures,'® '® ?® but like FIRST
and iCOMPARE, these studies relied on process and
outcome measures that were relatively insensitive and
lacked a direct connection to the work of first-year
resident physicians. In contrast to previous efforts,
our study design enabled collection of patient-safety
and work-hour data directly from the residents who
provided care. We found that resident physician-
reported significant medical errors, PAEs and errors
resulting in fatal patient outcomes were reported at
substantially increased rates in months when extended
duration shifts were worked. The findings from this
study, which focused on the impact of resident physi-
cian work-hour limits on patient safety using metrics
that were directly related to care provided by the resi-
dent physicians, are consistent with extensive evidence
compiled by the ACGME indicating that sleep defi-
ciency is associated with degradation of performance
among physicians performing clinical tasks.”’

We also found that when resident physicians aver-
aged 70-80hours of work per week over a month,
which is within the current standard of an average of
80 work hours per week averaged over a month, they
had >2.5 times the odds of reporting a significant
medical error, a medical error that injured a patient
and a medical error that resulted in the death of a
patient, as compared with weeks in which the resi-
dent physicians worked no more than 60 hours per
week on average. In the USA, resident physicians are
often scheduled to work more weekly work hours than
equivalents in other countries.**>* We found that even
after controlling for the increased hours in patient care
that could be expected to result from increased total

work hours, increasing total work hours was associ-
ated with increased risk of reported significant medical
errors, PAEs and errors resulting in patient death. Our
data suggest that reducing weekly work hours would
improve patient safety. The increased risk of long
work weeks and extended duration shifts should be
made more transparent to patients and providers.* **

Our study has several limitations. Our study popula-
tion included 9% of all first-year US medical residents
from 2002 to 2007 and 18% of all first-year US medical
residents from 2014 to 2017. We examined demo-
graphic characteristics for evidence of non-response
bias. While the demographic characteristics of partic-
ipants in this sample are similar to the demographic
characteristics of resident physicians nationally (online
supplemental table 3),%' those who chose to partici-
pate in the study may differ from non-respondents
in ways that are not captured by our analysis. As it
was observational, we are unable to directly attribute
the findings to the 2011 ACGME work-hour restric-
tions. The estimated associations could be affected
by residual confounding or other forms of bias. We
controlled for multiple potential confounders, but
residual confounding may persist as a result of factors
we did not collect or imprecise measurement of the
confounders that were collected.

Significant medical errors were collected by self-
report. This approach to the collection of medical
errors could be subject to social desirability bias, recall
bias or erroneous self-observation. Self-report is an
established methodology that is commonly used. Prior
work has shown that self-reported errors are corrob-
orated in the medical record >80% of the time®’ and
produce similar or lower estimates of medical error
compared with retrospective chart review.*® >’ Alterna-
tive detection methods, such as trigger tools and direct
observation have been shown to detect higher rates
of medical errors compared with self-report.® ** By
using self-report, our estimates for medical errors are
likely to be conservative, which would bias our results
towards the null. Although we expect that resident
physician-reported errors represent only a fraction of
all errors that occur throughout the healthcare system,
we do not have reason to believe that the propensity
to report errors would have changed over time in a

6
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manner that introduced bias. Clinician perceptions
of medical errors can also have a pervasive impact on
physician well-being, and have been associated with
increased odds of physician burnout and depression.*”

While some reductions in the rate of medical errors
may be attributable to secular trends, most studies
have not found temporal reductions in the overall
rate of harm attributable to medical care over the time
period under study that could explain our results.***
Evaluations prior to the reform showed no reduction
in the rate of medical error over time, although one
recently published effort reported a declining trend in
patient safety indicators from 2000 to 2013.** Most
estimates following the reform suggest the problem
may be larger than previously reported, and remains
highly prevalent.*' ¥** Our findings have important
policy implications for >100000 resident physicians
in the USA. The very substantial reductions in harmful
resident physician-reported medical errors over a rela-
tively short period of time are striking, and together
with the previously reported improvements in occupa-
tional safety among the resident physicians,?' suggest a
causal link to the policy implemented at that point in
time for this subset of clinicians and the improvements
in both patient and physician safety.

CONCLUSIONS

In a large nationwide prospective cohort study, we
found that implementation of a policy that eliminated
shifts exceeding 16 consecutive hours for first-year
resident physicians was associated with a substantial
reduction in harmful and fatal medical errors reported
by the resident physicians themselves. Extended
duration shifts were associated with significant and
harmful medical errors even after the implementation
of the policy. Surveillance efforts are needed now that
national regulations allow shifts of up to 28 consecu-
tive hours for first-year resident physicians.
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Supplemental Figure 1. Participation in the study and exclusion criteria.

2002-2007 2014-2017
93,984 PGY1s 73,764 PGY1s
Matched to residency Matched to residency
9% participation rate 18% participation rate
2002-2007 2014-2017
8,570 PGY1s 13,292 PGY1s
Consented to participate Consented to participate
73% cooperation rate 74% cooperation rate
v \ 4
2002-2007 2014-2017
6,211 PGY1s 9,778 PGY1s
45,261 Monthly Reports 61,205 Monthly Reports
Exclusions

Months with vacation
or 214 free days

6,201 PGY1s 9,671 PGY1s
37,852 Monthly Reports 50,666 Monthly Reports

Months with missing weekly work hour
information, >168 weekly work hours,
or <12 hours of work for all 4 weeks

5,686 PGY1s 9,601 PGY1s
30,892 Monthly Reports 49,495 Monthly Reports

Months where 216 extended
duration shifts were reported

5,680 PGY1s 9,596 PGY1s
30,848 Monthly Reports 49,418 Monthly Reports

Months where direct patient
care was reported

Y

5,485 PGY1s 9,311 PGY1s
30,155 Monthly Reports 47,946 Monthly Reports

14,796 PGY1s
78,101 Monthly Reports
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Supplemental Table 1 The adjusted association between extended duration shifts and resident-physician-reported adverse safety
outcomes stratified by cohort.

Extended Duration Shifts Extended. Duration Extended Duration Shifts
(overall) Shifts (2014-2017)
(2002-2007)
None >1 None >1 None >1

’F*;ti?l:‘:g;”a' Ref | 2.17 (2.03-2.32) ** | Ref 250 (2.28-2.74)  *** | Ref 1.61 (1.43-1.81)
Medical Errors Ref | 1.83(1.71-1.95) ** | Ref 2.00 (1.84-2.18) " | Ref 1.55 (1.38-1.74)
PAE Ref | 1.62(1.38-1.89) " | Ref 1.81 (1.45-2.26)  _** | Ref 1.37 (1.03-1.83) -
Fatal PAE Ref | 1.88(1.25-2.84) * Ref 1.67 (1.09-2.56)  * Ref Failed to converge

All models adjusted for age, gender, specialty, hours in patient care, and community vs. university program. P-values are obtained from likelihood ratio tests.
*** p-value<0.001

** p-value=0.001.
* p-value>0.001 & <0.05.

Supplemental Table 2. The adjusted association between extended duration shifts and resident-physician-reported adverse safety
outcomes stratified by surgical vs. non-surgical specialties.

EXte”de‘(’oeé‘rraaltl')O” Shifts Extended Duration Shifts Extended Duration Shifts
(Non-Surgical) (Surgical)
None 21 None >1 None >1
’F*;tﬁl:‘rt;”a' Ref | 2.17 (2.03-2.32) ** | Ref 237 (2.20-2.55) *** | Ref 1.33 (1.14-1.55)
Medical Errors | Ref | 1.83 (1.71-1.95) *** | Ref 192 (1.792.06) _** | Ref 1.34 (1.13-1.60) w
PAE Ref | 1.62(1.38-1.89) ** | Ref 177 (1.47-213) | Ref Failed to converge
Fatal PAE Ref | 1.88(1.252.84) * | Ref 2.00(1.19-3.32)  ** | Ref Failed to converge

All models adjusted for age, gender, hours in patient care, and community vs. university program. P-values are obtained from likelihood ratio tests.
*** p-value<0.001

** p-value=0.001.
* p-value>0.001 & <0.05.
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Supplemental Tables 3A and 3B. The demographics of the study sample compared to the

characteristics of first-year residents nationally during the study interval.

A SS‘“dV ACGME National Data
ample
2014-2017 2014-2015 | 2015-2016 2016-2017
(n=9,778) (n=28,220) | (n=29,074) (n=30,381)
Age 28.7+3.2 30.6 30.6 30.7
Female Gender 48% 44% 44% 44%
Specialty*
Internal Medicine 25% 34% 34% 34%
Family Medicine 12% 13% 13% 13%
Pediatrics 11% 11% 11% 10%
Gengral_ Surgery and surgical 10% 13% 13% 13%
specialties
Emergency Medicine 7% 7% 7% 7%
Obstetrics/Gynecology 5% 5% 5% 5%
Psychiatry 4% 5% 5% 5%
Anesthesiology 4% 3% 4% 3%
Other (including combined) 15% 9% 8% 10%
*Percentage of residents in each specialty.
B Study ACGME
Sample National Data
2002-2007 2007-2008
(n=6,211) (n=36,012)
Age 28.943.9 Not Reported
Female Gender 56% 41%
Specialty*
Internal Medicine 24% 31%
Family Medicine 11% 10%
Pediatrics 14% 10%
Gene;ral_ Surgery and surgical 11% 9%
specialties
Emergency Medicine 7% 4%
Obstetrics/Gynecology 6% 3%
Psychiatry 4% 5%
Anesthesiology 1% 4%
Other (including combined) 20% 22%

*Percentage of residents in each specialty.

Footnote: National PGY-1 specific demographic information is not available for years prior to 2007. Reporting practices
may explain some differences in the demographic characteristics of our study sample compared to residents nationally.

The lower prevalence of internal medicine residents in our study may be explained by the reporting of planned specialty
rather than preliminary or transitional year.

Weaver MD, et al. BMJ Qual Saf 2022;0:1-9. doi: 10.1136/bmjgs-2021-014375
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