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Introduction: Institutions have reported decreases in operative volume due to COVID-19.
Junior residents have fewer opportunities for operative experience and COVID-19 further
jeopardizes their operative exposure. This study quantifies the impact of the COVID-19
pandemic on resident operative exposure using resident case logs focusing on junior res-
idents and categorizes the response of surgical residency programs to the COVID-19
pandemic.

Materials and methods: A retrospective multicenter cohort study was conducted; 276,481
case logs were collected from 407 general surgery residents of 18 participating institutions,
spanning 2016-2020. Characteristics of each institution and program changes in response
to COVID-19 were collected via surveys.

Results: Senior residents performed 117 more cases than junior residents each year
(P < 0.001). Prior to the pandemic, senior resident case volume increased each year (38 per
year, 95% confidence interval 2.9-74.9) while junior resident case volume remained stag-
nant (95% confidence interval 13.7-22.0). Early in the COVID-19 pandemic, junior residents
reported on average 11% fewer cases when compared to the three prior academic years
(P = 0.001). The largest decreases in cases were those with higher resident autonomy
(Surgeon Jr, P = 0.03). The greatest impact of COVID-19 on junior resident case volume was
in community-based medical centers (246 prepandemic versus 216 during pandemic,
P = 0.009) and institutions which reached Stage 3 Program Pandemic Status (P = 0.01).
Conclusions: Residents reported a significant decrease in operative volume during the 2019
academic year, disproportionately impacting junior residents. The long-term conse-
quences of COVID-19 on junior surgical trainee competence and ability to reach cases
requirements are yet unknown but are unlikely to be negligible.

© 2022 Elsevier Inc. All rights reserved.

Introduction

The COVID-19 pandemic has presented unparalleled chal-
lenges for surgical residencies with respect to operative edu-
cation and experience. Institutions nationwide have proposed
adaptive educational models, unique didactic techniques, and
flexible scheduling paradigms to provide a temporary solution
for residents affected by this pandemic.>* Globally and across
specialties, institutions and residents have reported a signifi-
cant decrease in operative volume and clinical exposure due
to the COVID-19 pandemic.*”’ Single-site institutional survey
reports have shown decreases in overall operative volume to
60%-80% of normal during pandemic surges.>*® Furthermore,
the American College of Surgeons (ACS) released elective case
triage guidelines to direct an appropriate program interven-
tion with the goal of providing effective patient care while
minimizing hospital stay and preserving the health of care-
givers.” While crucial for maintaining trainee health and
minimizing COVID-19 transmission, these recommendations
also directly limited the number of residents involved per
procedure and the overall number of procedures that could be
performed, further impacting resident operative exposure.’ In
response, the Accreditation Council for Graduate Medical Ed-
ucation (ACGME) and the American Board of Surgery (ABS)
reduced training requirements for graduating residents in
recognition of the impact of COVID-19 on institutions’ surgical
case volume to ensure the surgical advancement of senior
residents.’0?

Prior to the COVID-19 pandemic, multiple studies have
demonstrated that junior surgical residents have less opera-
tive exposure, fewer independent operative experiences per

year, and lower overall case volumes than senior trainees.”?
Previous studies and expert perspectives have also warned
about the “seniorization” of patient care and decreasing op-
portunity and surgical exposure of junior residents, even
before COVID-19."*"” Thus, junior residents are particularly
vulnerable to limitations in educational and operative op-
portunities, such as those seen during the COVID-19
pandemic.

Few studies have reported on the impact of COVID-19 on
surgical residents nationally.>®'® These investigations re-
ported stark decreases in resident case volume based on
survey responses but lack the granular data to objectively
assess the impact on operative experience at the resident
level. These studies were also unable to quantitatively assess
changes in case volume or the surgical role of the trainee
during these encounters. In addition, no studies have
addressed the specific impact on junior surgical residents
during the COVID-19 pandemic.’*?

The present study aimed to address the gap in knowledge
of the impact of COVID-19 on surgical resident operative
exposure and specifically to investigate the impact on junior
residents as a particularly vulnerable population. We hy-
pothesized that resident case volume would significantly
decrease during the COVID-19 pandemic and that junior res-
idents would be disproportionally impacted when compared
to senior residents. All general surgery residents enter their
surgical cases in the ACGME Case Log System to track their
operative experience for accreditation and certification re-
quirements.'® Assessing general surgery junior resident case
logs during this time offers an insight into the operative ex-
periences of vulnerable and less experienced surgical trainees
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nationwide in the front lines of a global pandemic. While
multiple survey studies have reported significant decreases in
case volume, to date no study has examined the effect of the
COVID-19 pandemic on junior resident case volume using
empiric ACGME and ABS advancement metrics.

Materials and Methods

A retrospective multicenter cohort study was conducted to
assess the impact of the COVID-19 pandemic on junior sur-
gical resident case volume. The policies and structural
changes residency programs implemented to mitigate the toll
on surgical education were also assessed.

Eighteen institutions elected to participate following a
recruitment email sent to all members of the Association of
Program Directors in Surgery; all ACGME accredited surgical
residency programs were eligible to participate. Programs
which elected to participate completed a survey detailing
descriptive characteristics of their institution, baseline infor-
mation about their residency program, and details regarding
their educational response to the COVID-19 pandemic,
including their highest ACGME Program Pandemic Status as of
July 1, 2020.%° The Program Pandemic Status has been used by
the ACGME to categorize the impact of the COVID-19
pandemic on an institution’s case volume in a systematic
fashion and establish specialized guidelines for impacted
programs.’>?! The three categories are:

e Stage 1: No change in clinical demand.

e Stage 2: Increased but manageable clinical demand.

e Stage 3: Crossing a threshold beyond which the increase in
volume and/or severity of illness creates an extraordinary
circumstance where routine care education and delivery
must be reconfigured to focus only on patient care.

This status has been used by programs to delineate when
surges in the pandemic have impeded academic programing
including resident education, clinical rotations, and case vol-
ume. If a program reported Stage 3, it was interpreted to mean
they implemented significant changes to their education
program secondary to the COVID-19 pandemic.

Program type (academic, community-based, or military
medical center), number of hospital beds, total number of
COVID-19 positive patients admitted by the institution prior to
July 1, 2020, and educational curricular changes were self-
reported by the participating sites (Appendix A). Academic
medical centers in this study include those who identify as
university-based programs and are consistent with prior
investigations.??

The ACGME case log system is a well-established database
used by residency programs for reporting surgical case expe-
rience during residency training. Surgical residents use this
tool to self-report all cases in which they participate.’® These
data are used by the ACGME for accreditation decisions and by
the ABS as a component of eligibility for board certification.
Although the data are self-reported case volumes aggregated
per resident and over time, are sufficiently reliable for ana-
lyses and used for nationwide policy changes and recom-
mendations.”*"7:#???

Participating programs submitted their surgical case logs of
all junior residents (postgraduate year [PGY] 1-2) between July
1, 2016 and June 30, 2020. As such, cases were categorized as
junior qualifying cases only if logged as a First Assistant or
Surgeon Jr, were for “major credit” as deemed by the ACGME,
only one procedure per case was logged, and the resident was
a PGY1 or PGY?2 at the time the case was performed. Residents
and case logs that did not meet the above inclusion criteria
were not categorized as junior resident cases. Senior resident
case logs were evaluated on a similar basis, accounting for
professional development and/or dedicated research years,
for cases in the PGY3 through PGYS years. Senior resident data
that were available for this study were generated from resi-
dents who were initially junior residents between 2016 and
2018 and advanced to PGY3 or greater during the 2017-2019
academic years. The first senior residents with available case
log data were PGY2 residents in 2016 who became PGY3 resi-
dents in 2017. Therefore, no senior resident data were avail-
able for analysis prior to 2017.

To improve the accuracy of case logs from participating
sites, residents were prompted three times to be up-to-date on
their case logs. In addition, resident’s case logs were algo-
rithmically flagged if deemed unreliable (less than 40 cases
logged in any 6-month period or more than 100 operative
procedures logged in any single month). All flagged cases were
manually reviewed for accuracy and evaluated for exclusion.
Overall, three resident’s case logs were excluded for either
unreliable inaccuracies or ineligibility, accounting for less
than 1% of the total case logs collected.

Case logs reported to be performed between January 1, 2020
and June 30, 2020 were considered to have been during the
COVID-19 pandemic. The decision was made a priori to use the
aggregated case volumes from 2016-2017, 2017-2018, and 2018-
2019 academic years as a historic average, which was then
compared to the 2019-2020 academic year to account for pro-
gram variability over that time. All academic year comparisons
regarding the COVID-19 pandemic compared the aggregated
2016-2018 academic years to the 2019-2020 academic years.

The total number of cases reported per resident, change in
case volume between PGY1 and PGY2, average case volume
per resident, and case volume by program type were calcu-
lated. Where appropriate, two-sided t-test, paired t-tests, and
bootstrap sampling for nonparametric analyses were used to
compare groups with an alpha level of 0.05. One-way analysis
of variance was used to compare multiple groups, with
Kruskal-Wallis testing for nonparametric data and Dunn’s
correction for multiple comparisons. Linear regression
models were used to assess effect modification between
groups. Logistic regression models were used to assess pro-
gram level binary parameters. Summaries are reported as
means with standard deviations unless otherwise noted. Data
are visualized using box plots, representing the median and
interquartile range. All statistical analyses were completed
with R version 4.0.2.%°

Institutional review board and institutional participation
approval were gained by participating sites as per the site
specific policy. Waivers to informed consent for program
available data were granted by participating centers institu-
tional review boards and deidentified data were gathered by
each program.
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Results
Residency program overview

Of the 18 participating institutions, a broad range of
geographic locations, size, and institutional diversity was
attained. All four regions of the country were evenly repre-
sented (~15%-30% per region), including 13 states, and there
was an approximately equal division between academic and
community-based medical centers (8 [44%] versus 10 [56%]).
Program size ranged from 4 to 50 residents per institution.
Programs of every level of ACGME Program Pandemic Status
participated in the study (Table 1).

Programs reported a significant change in clinical and
educational practice due to the COVID-19 pandemic. All 18
programs, at some point in time, had a cancellation of elective
surgical cases. The majority implemented work-from-home
policies (78%), academic curricular changes (95%), and
reduced the exposure of surgical resident trainees during
operative interventions (50%) including but not limited to
operations, bedside procedures, and endoscopic procedures.
Despite attempting to limit trainee exposure, one-third (33%)
of participating institutions redistributed residents to cover
areas of need including emergency departments and intensive
care units (Table 1).

Table 1 — Descriptive overview of resident case logs and
residency program attributes.

Program descriptors Parameters
Institutional participants [N] 18
Logged cases collected [N] 276,481
Residents [N] 407
Program region [N, %] -
Northeast 5 (28%)
South 6 (33%)
Midwest 4 (22%)
West 3 (17%)
Program type [N, %] -
Academic medical center 8 (44%)
Community-based 10 (56%)
Military 0 (0%)
Program size (mean, SD) 24 (13)
ACGME program pandemic status [N, %] -
Not reported 1 (5%)
Stage 1 3 (17%)
Stage 2 7 (39%)
Stage 3 7 (39%)
Cancellation of elective cases, Yes [N, %] 18 (100%)
Curriculum changes, Yes [N, %] 17 (95%)
Redistributed residents, Yes [N, %] 6 (33%)
Work from home policy, Yes [N, %] 14 (78%)
Policy limiting trainee exposure, Yes [N, %] 9 (50%)

Case volume impact

All residents

Two hundred seventy six thousand four hundred eighty one
ACGME case logs were collected from 407 general surgery
residents. 139,217 senior resident case logs and 137,264 qual-
ifying junior resident surgical case logs were collected be-
tween July 1, 2016 and June 30, 2020. The remaining case logs
were the procedures performed by these residents when they
progressed to PGY3 or more. Figure 1 demonstrates the time
trend of case volume for both junior and senior residents from
2016 through 2020. From 2016 to 2018 total resident case vol-
ume for all residents increased each year. In the two academic
years preceding the pandemic senior residents performed, on
average, 117 more cases than junior residents (95% confidence
interval [CI] 96.7-138.2, Fig. 1). Furthermore, preceding the
pandemic senior resident case volume increased each year.
On average, senior residents performed 38.4 more cases (95%
CI 2.9-74.9, Fig. 1) each year while junior resident case volume
did not increase (95% CI —13.7 to 22.0; Fig. 1). Both junior and
senior residents reported a decrease in case volume during the
2019-2020 academic year compared to the 2018-2019 academic
year (P = 0.03; Fig. 1). No other paired differences between any
other academic years were statistically significant (P = 0.10-
0.99).

Senior versus junior residents

Figure 2 shows the aggregated resident case volume from 2016
to 2019, prior to the pandemic, compared to the 2019-2020 ac-
ademic year during the COVID-19 pandemic. On average, senior
residents saw a decrease of 27.8 cases (350.0 versus 307.4, 95% CI
14.9-70.0), accounting for approximately 8.7% of their total case
volume. However, junior residents saw a larger impact with
respect to their total case volume. Using the 2016-2018 aca-
demic years as a comparative historical baseline, junior resi-
dents reported on average 23.5 fewer cases (217.3 versus 193.8,
95% CI: 8.0-35.0, P = 0.001) in the 2019-2020 academic year ac-
counting for approximately 11.0% of their total case volume.
Evaluating the percentage decrease in case volume associated
with COVID-19 pandemic and resident level (senior versus ju-
nior resident), junior resident case volume was disproportion-
ately impacted (8.7% versus 11.0%, 95% CI —0.8 to —0.2, P < 0.01).

Comparing postgraduate year 1 and postgraduate year 2
residents
Figure 3 explored the differential impact of the COVID-19
pandemic on PGY1 and PGY2 residents. When comparing
PGY1 residents during the 2019 academic year with the pre-
ceding years, PGY1 residents reported on average 19.8 fewer
cases (95% CI: 3.7-36.0, P = 0.02; Fig. 3). Similarly, PGY2 resi-
dents during the 2019 academic year reported on average 26.7
fewer cases than those in earlier years (95% CI: 7.4-46.0,
P =0.007; Fig. 3). While PGY2 residents saw numerically fewer
cases on average than PGY1 residents, this difference between
these PGY years was not statistically significant (P = 0.60).
Figure 4 demonstrates a paired analysis following the same
residents from PGY1 into PGY2 prior to and during the
pandemic. This figure shows the change in case volume resi-
dents experienced in the 2016-2019 academic years versus the
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2019-2020 academic year during the pandemic. This analysis
followed individual residents over time as opposed to aggre-
gated averages. Each scatter point represents an individual
resident’s change in case volume from PGY1 to PGY2. Paired
analyses showed, as expected, an increase in cases logged
between a resident’s PGY1 and PGY?2 years (187.4 versus 247.1,
P < 0.001). However, this increase in the second year of
training was significantly less for residents who entered PGY2
in the 2019-2020 academic years (73.4 versus 34.3 additional
cases in PGY2, 95% CI of difference: 16.6-61.8, P < 0.01). This
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corresponds with 39.2 fewer cases recorded than expected by
the PGY2 class during the 2019-2020 academic year (Fig. 4).
PGY2 residents during the COVID-19 pandemic saw a smaller
increase in cases following their first year than earlier classes.

Junior resident surgical role

Further investigation of the surgical role of junior residents
within the operating room during the COVID-19 pandemic was
considered, defined by self-reporting of First Assistant or Sur-
geon Jr as the resident role. There was no difference noted in
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the observed number of First Assistant cases junior surgical
residents reported during the 2019-2020 academic year (34.2
versus 33.1, 95% CI: —4.9 to 7.0, P = 0.73). However, junior sur-
gical residents during the 2019-2020 academic year reported
significantly fewer Surgeon Jr cases (186.3 versus 170.0, 95% CI:
1.9t030.7, P =0.02) when compared to the preceding academic
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years (Fig. 5). An effect modification analysis was carried out to
analyze the differential impact of COVID-19 on the resident
role within the operating room. Although fewer Surgeon Jr
cases were recorded during the COVID-19 pandemic, the dif-
ference in the change in case volume between resident role
groups was not statistically significant (P = 0.08).
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Fig. 4 — A paired analysis comparing junior resident case volume changes between PGY1 and PGY2 during academic years
2016-2019 and 2019-2020. Scatter points represent individual residents change in case volume between PGY1 and PGY2.

P < 0.01.
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Institutional impact

Program type

At both academic and community-based medical centers,
resident case volume has been impacted by the COVID-19
pandemic. When stratifying by program type, community-
based medical centers reported higher case volume than ac-
ademic medical centers. Prior to the COVID-19 pandemic
community-based medical centers reported, on average, 50.6
more cases per resident than academic medical centers (246.1
versus 195.5, P < 0.001); this relationship persisted during the
COVID-19 pandemic (216.5 versus 180.8, P < 0.01). Community-
based medical centers observed on average 29.6 fewer total
cases per resident (246.1 versus 216.5, P < 0.01) during the
COVID-19 pandemic, while academic medical centers saw a
smaller decrease that did not reach statistical significance
(195.5 versus 180.8, P = 0.08). Despite numerical differences,
the differences in the decrease in case volume between pro-
gram types did not demonstrate statistically significant dif-
ferences (P = 0.83; Table 2).

Accreditation Council for Graduate Medical Education program
pandemic status

The ACGME Program Pandemic Status reflects the response to
the COVID-19 pandemic at the institution level. There was no
difference observed in average total cases reported by resi-
dents in programs which identified a program status of Stage 1
(214.6 versus 205.2, P = 0.53) or Stage 2 (212.1 versus 194.8,
P = 0.18). Programs which reported an ACGME Program
Pandemic Status of Stage 3 demonstrated a significant
decrease in the average total number of cases reported by
residents (219.9 versus 192.5, P = 0.01; Fig. 6).

Using a logistic regression analysis, it was determined that
institutional reporting of an ACGME Program Pandemic Status
of Stage 3 was a positive predictor of the redistribution of res-
idents to the intensive care unit and emergency department
(B = 0.40, P = 0.01). However, reporting of Stage 3 Program
Pandemic Status was not a good predictor of institutional
implementation of either a “work from home” policy (B =-0.22,
P = 0.12) or explicit policy limiting the number of surgical
trainees in the operating room (i.e., prohibiting double

Table 2 — Comparison of total number of cases reported by program demographic prior to the COVID-19 pandemic

(academic years 2016-2018) and during the COVID-19 pandemic (academic year 2019-2020).

Parameters Prior to During the COVID-19 P value
COVID-19 pandemic
Mean total number of cases reported per resident by program type [N, SD]
Academic medical center 195.5 (68.8) 180.8 (74.3) 0.08
Community-based medical center 246.1 (92.9) 216.5 (76.2) 0.009

'P <0.01.
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scrubbing; B =0.10,P =0.56). Therefore, programs thatreported
an ACGME Program Pandemic Status of Stage 3 observed the
greatestlossinresident case volume and this delineation was a
positive predictor of resident redistribution.

Discussion

The COVID-19 pandemic has resulted in unprecedented
changes in clinical practice, leading to nationwide decreases
in operative volume.*®® While a few prior studies have re-
ported on how this operative volume decrease has impacted
resident education and training, these studies were primarily
survey-based and lack objective data on operative experience
at a resident level.>®*® In addition, no studies have investi-
gated the impact on junior surgical residents during the
COVID-19 pandemic, despite junior residents being a partic-
ularly vulnerable population with limited operative opportu-
nities.'*'® To the best of our knowledge, this study is the first
multicenter study to quantitatively assess the impact of
COVID-19 on junior surgical resident case volume using
empiric resident-reported case log data.

During the COVID-19 pandemic, junior residents reported a
significant decrease in the total number of cases and limited
early exposure to operative autonomy during the COVID-19
pandemic, as compared to those in previous years. Junior
resident case volume was also disproportionately impacted,
with a larger decrease than senior residents. This finding
supports previous literature identifying junior surgical resi-
dents asa vulnerable population of surgical trainees. /242>
Interestingly, prior to the COVID-19 pandemic, senior resident
case volume increased each year, whereas junior resident case
volume remained stagnant. This investigation corroborates
previous reports that while the operative experience and role

of senior residents is increasing, junior residents are being left
behind.

Importantly, the greatest impact of this decrease on oper-
ative case volume came at the expense of junior resident’s
Surgeon Jr cases. These cases are where early surgical trainees
are learning and experiencing a higher degree of autonomy
and decision-making for the first time within the operating
room."*'” With no difference in the number of First Assistant
cases reported during the COVID-19 pandemic, it can be sug-
gested the most direct impact of COVID-19 on junior surgical
trainees was in the lost opportunity to assume the role of
Surgeon Jr during operative encounters.

Despite the steady increase in case volume over the past
3 y, the COVID-19 pandemic completely eradicated this
growth in just 6 mo. A nationwide decrease in case volume
this significant has not been appreciated since the imple-
mentation of the 80-hour work week.'®?”?® Furthermore,
previous changes to the surgical education paradigm, and
now the COVID-19 pandemic, have significantly impacted the
junior surgical resident training experience.””*?> While the
ABS has temporarily allowed junior surgical residents an extra
6 mo to complete their required 250 cases (previously required
prior to beginning PGY3), there are still questions that remain
about the sufficiency of this response and the long-term out-
comes for surgical residents.”® Specifically, it is difficult to
predict how this decrease in case volume will influence sur-
gical proficiency and clinical competency. Thus, subsequent
investigations, using resident-level data and quantitative
measures, are needed to ensure these trainees achieve the
necessary surgical exposure and reach appropriate bench-
marks for advancement.

Since the first reported case of COVID-19 in the United
States in January 2020, medical institutions across the country
have been adapting and innovating the way surgical care is
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delivered. As is evident by the recommendations of the Center
for Disease Control,’® the ACS,?* and the ABS, %' systematic
structural changes were instituted at all hospital levels,
inherently impacting trainees. Our analysis demonstrates
that an ACGME Pandemic Status of Stage 3 was a positive
predictor of resident redistribution and was associated with
the greatest loss in resident case volume. Therefore, programs
that reach an ACGME Pandemic Status of Stage 3 should be
especially attentive to the experience and operative exposure
of their surgical trainees.

Interpretations from this study should be made with a few
limitations in mind. This study represents the early impact of
COVID-19 on junior resident case volume during the first 6 mo
of the pandemic. While significant decreases in case volume
were seen during this time frame, calling attention to the
importance of this issue, future studies spanning the entire
pandemic are needed for a comprehensive evaluation of this
issue. However, it is notable that the impact of COVID-19 in
less than one academic semester was sufficient to decrease
the overall operative case volume of all surgical residents in-
dependent of other factors. Although this study showed that
junior residents were disproportionally affected by the
decrease in case volume during COVID-19, this does not dis-
count the importance of the impact on senior surgical resi-
dents, especially as they near graduation. Also of note,
institutional participation in this study was voluntary, and
thus carries a potential for selection bias. Finally, this study
relied on self-reported resident case log data, which while
used for ABS certification and accreditation decisions may not
be fully accurate. At this time, there are currently no verified
methods for certifying ACGME case logs for accuracy, and the
selection criteria used in this study although based on previ-
ous studies and clinical experience, admittedly, are subjec-
tive.***® Although participating sites were instructed to
remind residents to be up-to-date in their cases logs, thereis a
system-wide acknowledgment that at times case logs may be
deficient.

This investigation is the first multi-center analysis of the
impact of COVID-19 on junior surgical resident case volume
and operative experience using the ACGME case logs. Given
that this investigation included 18 institutions across the
United States, in all four regions, both academic medical
centers and community-based institutions from both large-
sized and small-sized residency programs, its relevance to
surgical training programs and junior residents nationwide is
notable. This study demonstrated that not only did overall
surgical resident case volume decrease but junior resident
case volume was disproportionately impacted compared to
senior residents and that there were decreased opportunities
for junior resident operative autonomy during the COVID-19
pandemic. Decreased operative volume has been associated
with increased resident discomfort and difficulty in achieving
competency in previous studies.**** As the pandemic con-
tinues, the deficit in case volume may need to be recovered by
these residents in the coming years to meet case re-
quirements and attain clinical competency, further exacer-
bating the “seniorization” of resident education. As the
ACGME and ABS incorporate the use of entrustable profes-
sional activities in resident competency, programs should
emphasize attention to junior surgical residents impacted by

this pandemic.36 Careful attention, education intervention,
and institutional policies must be implemented to address
these concerns moving forward. Future studies are necessary
to follow these residents forward and assess the greater
impact of the COVID-19 pandemic on resident case volume
and operative experience.
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