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Abstract

Background During the COVID-19 pandemic, public health and hospital policies were enacted to decrease virus transmission
and increase hospital capacity. Our aim was to understand the association between COVID-19 positivity rates and patient
presentation with EGS diagnoses during the COVID pandemic compared to historical controls.

Methods In this cohort study, we identified patients > 18 years who presented to an urgent care, freestanding ED, or acute
care hospital in a regional health system with selected EGS diagnoses during the pandemic (March 17, 2020 to February
17,2021) and compared them to a pre-pandemic cohort (March 17, 2019 to February 17, 2020). Outcomes of interest were
number of EGS-related visits per month, length of stay (LOS), 30-day mortality and 30-day readmission.

Results There were 7908 patients in the pre-pandemic and 6771 in the pandemic cohort. The most common diagnoses in both
were diverticulitis (29.6%), small bowel obstruction (28.8%), and appendicitis (20.8%). The lowest relative volume of EGS
patients was seen in the first two months of the pandemic period (29% and 40% decrease). A higher percentage of patients
were managed at a freestanding ED (9.6% vs. 8.1%) and patients who were admitted were more likely to be managed at a
smaller hospital during the pandemic. Rates of surgical intervention were not different. There was no difference in use of ICU,
ventilator requirement, or LOS. Higher 30-day readmission and lower 30-day mortality were seen in the pandemic cohort.
Conclusions In the setting of the COVID pandemic, there was a decrease in visits with EGS diagnoses. The increase in visits
managed at freestanding ED may reflect resources dedicated to supporting outpatient non-operative management and lack
of bed availability during COVID surges. There was no evidence of a rebound in EGS case volume or substantial increase
in severity of disease after a surge declined.
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Non-elective general surgery, commonly referred to as
emergency general surgery (EGS), has often been studied
as a marker of access to healthcare [1]. Emergency general
surgery diagnoses require time-sensitive management and
although access to that care varies, it is generally accepted
that these conditions will manifest across all types of loca-
tions and infrastructure settings.

In the setting of the SARS-CoV-2 (COVID-19) pan-
demic, restricting of surgical care and often redeployment
of surgeons had a dramatic impact on elective surgical care,
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including procedures that may be time-sensitive such as can-
cer care [2]. Changes in recommended management of EGS
diagnoses included increased emphasis on non-operative
management when feasible and some initial debate regarding
open versus laparoscopic approach [3, 4]. Many hospitals
prepared for EGS coverage assuming that there would be a
continued inflow of patients with EGS diagnoses, although
many initial reports suggested a decreased volume of such
patients in the early months of the pandemic [5—-12].
Despite the reports of decreased EGS volume in the early
months, the drivers of this observation remain unknown.
Importantly, it was not clear how this common observation
would manifest in the following months or during subse-
quent peaks. Our aim was to evaluate emergency general
surgery presentation across a regional healthcare system dur-
ing the timeframe of the COVID-19 pandemic compared to
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a historical cohort. We hypothesized that there would be a
decreased number of patients admitted with EGS diagnoses
during peak COVID periods, that there would be greater
disease severity for admitted EGS patients, that our smaller
hospitals would see a steeper decline in EGS presentations
than urban hospitals, and that patients in lowest income cat-
egories would make up a larger percentage of EGS patients
during peak COVID periods.

Methods

This observational cohort study with historical control
included patients who presented with common EGS diag-
noses identified a priori. Patients were identified from our
administrative billing data based on principal International
Classification of Disease (ICD)-10 diagnosis codes (Table 1)
from March 17, 2020 to February 17, 2021 (pandemic time
period) and compared to historical controls with the same
diagnoses from March 17, 2019 to February 17, 2020.
Patients were included if they presented for care with a
primary EGS diagnosis to any ED, urgent care, or acute
care hospital within the Greater Charlotte Region of our

Table 1 ICD-10 diagnosis codes for inclusion

healthcare system. Patients were excluded if age < 18 years.
ICD-10 EGS diagnosis codes were classified in accordance
with the American Association for the Surgery of Trauma
(AAST) anatomic severity scores based on first author
review [13, 14]. Patient characteristics abstracted from our
electronic data warehouse include age, sex, body mass index
(BMI), marital status, insurance status, race, ethnicity, zip
code, and comorbidities. Comorbidities were defined using
Elixhauser Comorbidity Index (ECI) [15]. Patient zip code
was matched with 2018 Internal Revenue Service (IRS)
tax return data to determine mean household income as a
potential marker of disparities [16]. Zip code level income
data is commonly used as a proxy for socioeconomic status
[17-19]. IRS tax return data groups adjusted gross income
into 5 categories and provides information on total number
of returns and total amount of income per each category.
Our study combined the lowest two categories due to small
volumes.

Disease severity was stratified based on ICD-10 diag-
nosis codes (Table 1), operative vs non-operative manage-
ment based on the presence of a completed surgical case
in our electronic medical record, need for ICU stay, need
for mechanical ventilation (based on electronic orders),

AAST Grades based on ICD-10 Codes
Diagnosis Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 NOS
Appendicitis K35.80 K35.891 K35.32 K35.33 K35.20
K35.890 K35.31 K35.21
K35.30
Cholecystitis K81.0 K82.A1 K82.A2
K81.1
K81.2
K81.9
Small bowel obstruction K56.51 K56.52 K56.52
K56.600 K56.601 K56.609
K56.690 K56.691 K56.699
Diverticulitis K57.32 K57.20
K57.33 K57.21
Umbilical hernia with N/A K42.0 K42.1
obstruction or gangrene
Femoral hernia with N/A K41.00 K41.10
obstruction or gangrene K41.01 K41.11
K41.30 K41.40
K41.31 K41.41
Inguinal hernia with N/A K40.00 K40.10
obstruction or gangrene K40.01 K40.11
K40.30 K40.40
K40.31 K40.41
Ventral hernia with N/A K43.0 K43.1
obstruction or gangrene K43.6 K43.7

AAST - American Association for the Surgery of Trauma; NOS — Not otherwise specified, N/A — not

applicable
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and American Society of Anesthesiologists (ASA) score
for patients who underwent anesthesia. Our overall COVID
timeframe was further classified into five time periods
based on COVID positivity rates across our health system:
1. First peak (3/17-4/16), 2. First interval (4/17-6/16), 3.
Second peak (6/17-7/16), 4. Second interval (7/17-11/16),
5. Third peak (11/17-2/17). These time periods were based
on our internal rates of positive COVID tests in symptomatic
patients and correlated well with public health measures
put in place locally (Fig. 1). For the COVID time period
COVID-19 status was classified into three groups: 1. tested
COVID positive, 2. tested COVID negative, and 3. untested
based on test results within our electronic medical record.
Facility type (ED vs UC vs ACH), bed size for ACHs (<200
beds, 200-500 beds, and > 500 beds), and location were
included in analysis.

Our primary outcome of interest was the number of EGS
patients cared for monthly during the COVID-19 pandemic
timeframe compared to historical controls. Secondary out-
come measures include severity of disease, length of hospi-
tal stay, utilization of intensive care unit, ventilatory require-
ment, in-hospital mortality and 30-day readmission rate.
Severity of disease was assessed in multiple ways, including:
1. correlation of ICD-10 diagnosis codes with AAST Sever-
ity Grades (Table 1) and disease complexity [20], 2. First
available vital signs and initial laboratory values (including

first monitored shock index value within 2 days of admis-
sion), 3. emergency status as noted by ASA score, and 4.
length of surgery (incision to wound closure). 30-day read-
missions included readmission to same facility or any other
facility included in our dataset.

Descriptive statistics were used to compare EGS volumes
in the COVID-19 pandemic cohort compared to the histori-
cal cohort, stratified by patient characteristics, disease char-
acteristics, and facility characteristics. Secondary outcomes
were compared between the two groups using both univari-
ate and multivariate analyses models. Normality distribution
was checked for continuous outcome variables before con-
ducting any analysis. Median and interquartile range (IQR)
were reported for continuous or ordinal variables, and fre-
quency and percentage values were reported for categorical
variables. Wilcoxon two-sample test for univariate analysis
and robust regression for multivariable analysis models were
used for any data in which the normality assumption was
not met. Pearson’s chi-square or Fisher’s exact test was used
for categorical outcome variables. Binary logistic regression
and robust regression models were conducted after adjust-
ing for covariates whose p-values were less than 0.05 in the
univariate analysis models. Variables with greater than 3%
of data missing had a “missing” category created which was
included in the multivariable analyses. Sensitivity analysis
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Fig. 1 EGS volume by month between historical and pandemic groups
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was performed by creating models without any missing data
to understand the potential impact of missing variables.

In addition, we compared EGS volumes, COVID test
positivity rate, intensive care unit, ventilator requirement,
30-day readmission, mortality, and length of stay (LOS) at
different time points. Peaks and intervals were identified for
the COVID-19 pandemic cohort—?2 peaks with positivity
rate > 8.0% and 3 intervals with positivity rates <8%—and
outcomes were compared across these time intervals using
both univariate and multivariable analyses models (control-
ling for covariates whose p-values were less than 0.05 in
the univariate analysis models). Two-tailed p values were
calculated for all tests, and p < 0.05 was considered statisti-
cally significant. SAS 9.4 (SAS Institute Inc., Cary, NC)
was used for all data analyses. This study was reviewed and
approved by the Atrium Health Institutional Review Board.

Results

We identified 14,679 patients for inclusion in this study.
There was a lower volume of EGS encounters across almost
all timeframes within the pandemic cohort, with the greatest
percentage decrease in EGS encounters during the time peri-
ods with the highest COVID positivity rates. There was no
difference in the historical cohort and the pandemic cohort
in distributions of EGS diagnoses or patient sex, race, rela-
tionship status, or ECI. The pandemic cohort had a higher
percentage of patients at the age extremes (75+ years and
18-44.9 years), living in highest income zip codes, and
residing in a metropolitan county (Table 2). In the overall
pandemic cohort, 2.5% of patients had a COVID diagno-
sis (12.0% mortality in this cohort of patients who had a
COVID diagnosis).

Examining factors associated with disease severity, the
pandemic cohort had a higher percentage of patients with
a fever, with an elevated WBC, and with a lactate >2.2
(Table 3). There was no difference in the incidence of ICU
utilization between the two groups, the requirement for a
ventilator, AAST Grade based on ICD Diagnosis, or AAST
Complexity.

In the pandemic cohort, there was a lower percentage of
patients cared for at an acute care hospital and an increased
percentage of patients managed in an urgent care or a free-
standing ED (Table 4). A higher percentage of patients were
managed in our smallest hospitals (<200 beds). There was
no difference in rates of procedures in the operating rooms
or ASA status and no difference in time to the OR, though
there was a higher percentage of patients in the pandemic
cohort with an “emergency” ASA status. The pandemic
cohort patients were more likely to have a longer length of
surgery (operative time). There was no difference in LOS,
but the pandemic cohort had a lower 30-day mortality but
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Table 2 Patient and disease characteristics

Historical Pandemic cohort p-value
cohort N=6771 (%)
N=7908
(%)
EGS diagnosis 0.98
Appendicitis 20.8 20.9
Cholecystitis 14.8 14.8
Small bowel obstruction 28.7 29.1
Diverticulitis 29.8 29.3
Hernia w/ obstruction or 6.0 59
gangrene
COVID test results N/A
Positive N/A 2.5
Negative N/A 30.2
Untested N/A 67.4
Age 0.02
18-44.9 28.1 29.2
45-64.9 36.5 34.8
65-74.9 18.7 17.9
75+ 16.8 18.2
Female sex 53.9 542 0.73
Race 0.82
White/Caucasian 75.3 75.6
Black/African 22.1 22.1
Others 24 23
Relationship status 0.12
Married 49.9 48.3
Divorced/legally separated 11.2 10.9
Single/widowed 38.4 40.2
Missing/unknown 0.4 0.5
Body mass index (BMI)* <0.001
<18.5 kg/m? 2.8 3.5
18.6-24.9 kg/m? 23.1 23.7
25-29.9 kg/m? 27.0 277
30-39.9 kg/m? 28.4 29.2
>40 kg/m? 8.2 9.0
Missing 10.6 6.9
Elixhauser comorbidity index 0.39
0-1 40.5 414
2 0.7 0.8
>3 58.8 57.8
Average income by zip code 0.02
<$49,999 37.2 36.4
$50,000-$74,999 39.5 38.6
$75,000-$99,999 79 7.7
>$100,000 154 17.3
Metropolitan status by zip code 0.01
Metropolitan county 81.6 83.2
Non-metropolitan county 18.4 16.7

*If missing not included in BMI analysis, groups were not different
(»=0.19)
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a higher 30-day readmission rate. In subgroup analysis the
readmission rates were not associated with non-operative
management (or operative management) and additionally do
not appear to be due to premature discharge given no differ-
ence in LOS. Within the COVID-19 pandemic group, we did
note an increased time to OR for patients who had COVID-
19 testing (2.1 days to OR for those who tested negative,
3.4 days for those who tested positive) compared to untested
patients (0.7 days, p=0.01 for both).

Multivariable analysis on secondary outcomes

Variables that were statistically significant in our univariate
analysis and thus were included in the multivariable regres-
sion are age, BMI, income, metropolitan status, facility type,
hospital size, emergency status by ASA score, temperature,
WBC, and lactate (for both binary logistic regression and
robust regression models). Cases without WBC or lactate
were labeled as “clinically not obtained.” ASA statuses
without the “emergency” designation were identified as
“non-emergency.” Missing value categories were created for
temperature, BMI, and metropolitan status. All outcomes
continued to demonstrate significant differences between the
pandemic group and historical group (Table 5). Compared
to patients from the historical group, pandemic patients had
lower odds of requiring ICU or ventilation and of 30-day
mortality. There remained increased odds of 30-day readmis-
sion and a shorter LOS. A sensitivity analysis was performed
by completing the multivariable analysis without the missing
values and there was minimal impact on the odds ratios and
all p values remained statistically significant.

Peak and interval analysis

Comparisons were made between Peaks 1 and 2 and Peak
3 based on initial review of outcomes. While Peak 3 had
the highest rate of COVID positive patients, it had a lower
percentage of patients with ICU utilization, ventilator use,
surgical intervention and 30-day mortality (Table 6). There
was no difference in LOS or distribution of EGS diagnoses
between the early and late peaks (Table 6).

Discussion

Our study demonstrated that the volume of EGS cases dur-
ing the COVID pandemic timeframe was decreased com-
pared to a historical group, and that there did not appear
to be an overall increase in disease severity across several
measures nor a rebound effect in the timeframes after the
COVID peaks. However, there did appear to be increased
use of the ICU and ventilator and increased mortality in
the first two COVID peaks compared to the third peak.

Table 3 Disease severity

His- Pan- p-value
torical demic
cohort cohort
N=7908 N=6771
(%) (%)
Temperature 0.002
<96.8 0.4 0.2
96.8-100.3 96.1 94.0
>100.3 2.7 3.6
WBC 0.04
Not obtained 3.1 3.1
<3.6 1.3 1.9
3.6-10.4 41.4 39.9
>10.4 54.1 55.2
SBP 0.57
<90 1.2 14
90-130 48.5 47.7
>130 50.3 50.9
HR 0.14
<60 4.2 3.7
60-99.9 69.9 69.3
100-140 25.1 26.0
> 140 0.8 1.0
Lactate <0.01
Not obtained 62.1 43.6
<22 324 47.6
>2.2 5.6 8.8
Monitored shock index 0.26
Not available 76.5 75.2
Low (<0.5) 3.7 42
Normal (0.5-0.8) 13.3 13.5
Elevated (0.8-1.0) 3.9 4.3
Critically high (> 1.0) 2.7 2.8
Intensive care unit 5.9 5.8 0.84
Ventilator requirement 2.0 2.1 0.59
AAST grade based on ICD diagnosis* 0.93
Grade 1 69.3 69.3
Grade 2 8.1 8.4
Grade 3 9.3 8.9
Grade 4 2.1 2.1
Grade 5 0.5 0.6
Unable to assign 10.6 10.6
AAST complexity (based on Scott) 0.63
Low 83.3 83.6
High 16.7 16.4

WBC white blood cell, SBP systolic blood pressure, DBP diastolic
blood pressure, HR heart rate, AAST American Association for the
Surgery of Trauma

*If ICD Diagnosis code spanned multiple Grades, patients were
assigned to lowest possible grade

While multiple prior studies have similarly demonstrated
a decrease in EGS volumes during COVID peaks, many
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Table 4 Management and

Historical cohort Pandemic cohort p-value
outcomes N=7908 (%) N=6771 (%)
Encounter status 0.34
Outpatient 43.4 44.6
Observation 13.6 13.0
Inpatient admission 43.4 44.6
Facility type <0.001
Urgent care 0.3 0.5
Freestanding ED 8.1 9.6
Acute care hospital 91.6 89.9
Acute care hospital size 0.01
<200 beds 36.3 38.2
200-500 beds 46 45.7
> 500 beds 17.7 16.1
Surgical management, % 40.8 41.2 0.63
ASA status 0.13
I 11.2 114
1I 46.0 42.7
1 324 34.9
v-v 10.5 11.0
Emergency status (by ASA score), % 344 37.1 0.04
Days to OR, median (IQR) 0(0-1) 0 (0-1) 0.06
Number of surgical procedures 0.07
1 95.4 95.4
2 3.6 3.1
>3 0.9 1.6
Length of surgery <0.001
<lh 21.2 13.6
1-3h 67.1 74.2
>3h 11.7 12.1
Length of stay, median days (IQR) 2(0.4) 1(0.4) 0.33
30-day mortality 8.7 6.8 <0.001
30-day readmission 33.9 36.2 0.003
ASA American Society of Anesthesiologists
Table 5 Multivariable analysis
Pandemic group vs. historical cohort
OR 95% CI p-value
Mortality 0.7 (0.6, 0.8) <0.01
ICU utilization 0.7 (0.6, 0.8) <0.01
Ventilator use 0.7 (0.5,0.9) <0.01
30-day readmission 1.2 (1.1, 1.3) <0.01
Coefficient 95% CI p-value
LOS -03 -04,-02 <0.01

*Controlling for age, BMI, income, metropolitan status, facility type, hospital size, emergency status by ASA score, lactate, temperature, WBC
with historical cohort as reference group
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Table 6 Comparisons between Peak 1 and 2 vs. Peak 3

Peak 1 and Peak 2 patients Peak 3 patients p-value
N=1092 (%) N=1837 (%)

EGS diagnoses 0.23

Appendicitis 21.1 19.4

Cholecystitis 14.9 14.2

Small bowel obstruction 28.5 30.7

Diverticulitis 29.4 29.8

Hernia w/ obstruction or gangrene 6.0 5.8

COVID Positivity 1.7 39 <0.01

Intensive Care Unit utilization 73 4.2 <0.01

Ventilator requirement 2.8 1.5 0.02

Surgical management 45.0 39.1 <0.01

LOS, median days 1(0,4) 1(0.4) 0.29

30-day readmission 35.7 37.7 0.02

Mortality 8.0 5.8 0.02

Multivariable regression OR 95% CI p-value

Peak 1 and 2 compared to Peak 3

ICU 1.7 (1.3-2.4) <0.01

Ventilator 1.7 (1.0-2.9) 0.04

Mortality 1.5 (1.1-2.0) 0.01

*Controlling for surgical management and ASA Score

Table 7 Literature summary

Author/year Country/setting Time frame Comparison Volume Outcomes

Aviran 2020 [6] Israel March 15-April 14, March 15-April 14, 25% fewer admissions Longer time interval

2 Single hospital 2020 2019 prior to admission,
worse clinical condi-
tion, more urgent
surgery

Callan 2020 [7] United Kingdom March 23-April 5, March 25-April 7, 50% fewer admissions Lower admission rate,

3

D’Urbano 2020 [8]
4

Tarim 2020 [9]
5

McGuinness 2020
[10]
6

Dick 2020 [11]
1

Paul 2020 [12]
7

Single hospital
Italy
Single hospital

Turkey

New Zealand
Single hospital

Scotland
Single hospital

USA
New Jersey Health-
system

2020

March 9-April 9,
2020

March 15-May 15,
2020

March 26-April 27,
2020

March 23-July 5,
2020

January—April 2020

2019

March 9-April 9,
2019

March 15-May 15,
2019

February 22-March
25,2020

March 23-July 5,
2019

January—April 2019

41% reduction in the

number of patients
who underwent

emergency surgery

32% reduction in
surgical patients

26% decrease in
admissions

43% reduction in
operations per-
formed

58% reduction in
admissions

Decrease in ED visits

and admissions

similar intervention
rate

Higher complication
rate

Higher proportion
of patients who
had surgery, higher
morbidity

Shorter LOS

No difference in
mortality

Increased proportion
of patients hav-
ing surgery and
increased operative
time

Not reported
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have been in single institutions or focused only on care pro-
vided during an admission to an acute care hospital [6—11],
(Table 7). In a report of ED visits and inpatient admissions
across a large academic New Jersey Healthcare system over
a 4 month period, there were similar findings of a decrease
in both ED visits and hospital admissions [21]. Within our
healthcare system, many resources were redirected to focus
on how to safely provide outpatient care or care within our
smaller acute care hospitals whenever feasible in order to
reserve our inpatient beds and highest acuity hospitals for
the anticipated surge of COVID patients. These activities
included increased threshold to admit patients who may be
able to be managed as an outpatient, transfer of patients from
high acuity hospitals to lower acuity hospitals when safe
[22], and support of outpatient transition clinics that could
provide “intermediate” care such as advanced imaging, intra-
venous fluids, and intravenous antibiotics.

The common theme throughout all publications is a
decreased volume of emergency general surgery patients
during the COVID-19 pandemic timeframes, and the rea-
sons for this remain unclear. There were many concerns that
patients who needed care were avoiding hospitals due to
a fear of being infected with SARS-CoV-2 [6-8, 21]. One
study also hypothesized that a general lack of accessibility to
healthcare in the community—or dependence on telephone
or video-based communication—during the COVID-19
pandemic may have led to delayed or missed diagnoses [6].
Previous publications examining EGS volumes during the
COVID-19 timeframe were limited to 1-4 month periods
[6-11, 21]. Our study is unique in that it examines presen-
tation over a longer time period, and we did not identify a
notable increase in EGS diagnoses in the post-peak time
periods. It remains possible that patients delayed seeking
care to such an extreme that they either died at home or died
so shortly after arrival that they were unable to be diagnosed
with an EGS etiology, and these remain difficult to assess.
What is notable is that the decrease in EGS presentations
during our third peak—almost a year after the pandemic ini-
tially occurred—was both still present, yet less pronounced
than in the first two peaks. This was similarly seen in an
examination of overall non-COVID-19 admissions to the
emergency department in Italy [23]. The authors hypoth-
esized that this could be due to decreased fear of the SARS-
CoV-2 or increased healthcare preparedness.

An alternative explanation is that there was a shift in sur-
gical management during this time, such as an increased
willingness to treating patients in the community and an
increased threshold for patient admission [7, 10, 24]. This
is certainly an intriguing potential lesson learned from the
COVID-19 pandemic. It has become evident from the recent
boom in publications examining the EGS population that
the majority of patients admitted with an EGS diagnosis do
not undergo a surgical procedure [25]. Our study attempted
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to understand a portion of the outpatient management by
including patients who were seen at an urgent care or ED but
did not require observation stay or inpatient admission. Sur-
prisingly, there was not a significant increase in the propor-
tion of patients being managed as an outpatient after initial
presentation. This suggests that any increase in outpatient
management may have been driven by structures outside of
urgent care and emergency departments, such as a primary
care physicians or gastroenterology colleagues. Across both
time periods, upwards of 40% of patients were managed as
an outpatient and this again raises an interesting question
about future structures of EGS care. Although the rate of
readmissions was higher in the pandemic cohort, that was
not associated with rates of non-operative management or
LOS. Readmissions may provide useful insights into future
opportunities to improve care, but we do not believe this
should discourage the work that has been done to support
appropriate outpatient management. Much of the work as we
move out of the pandemic will focus on better understanding
ways in which we can safely manage an increased propor-
tion of EGS patients as an outpatient with the appropriate
support structures in place.

Our data did not support our hypothesis that patients in
the lowest income categories would make up a larger per-
centage of EGS patients during the highest peak period. We
had hypothesized that patients in higher income quartiles
would have more resources available to be able to manage
diagnoses in an outpatient setting and avoid hospitaliza-
tion. On the contrary, we found that a higher percentage
of patients were in the highest income categories in the
COVID timeframe. Our health system has a strong infra-
structure of primary care and specialty care services targeted
at the underserved population as part of our mission, which
may have had an impact on this finding. Many other factors
may have influenced differential utilization of care, such as
decreased availability of EMS services or other forms of
transportation, access to childcare, or level of understand-
ing of safety of interacting with the healthcare system dur-
ing the COVID-19 pandemic. Understanding the impact of
disparities in access to care during times of limited hospital
resources will inform future care paradigms.

In line with the concerns about patients not seeking
appropriate care, there have also been fears that secondary
to patients delaying care they may present with more severe
disease processes, which would be predicted to result in
worse outcomes. In Israel, patients in the COVID-19 time-
frame were identified as having worse clinical condition
based on an increased heart rate, increased leukocyte count,
higher creatinine and CRP levels in the setting of increased
days between onset of symptoms and presentation to the
ED [6]. Notably, while all the clinical and laboratory val-
ues were statistically significant in that study, it’s unclear if
they were clinically different. In a study in Turkey, authors
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found a higher rate of abscess and delayed abdominal emer-
gency diseases, but no difference in time from beginning of
complaints to presentation to the ED [9]. There remains no
objective standardized method to measure severity of disease
across a large cohort of patients, therefore, we attempted to
examine severity of disease from multiple angles. In our
study, evaluation of hemodynamics and laboratory values on
admission revealed an increased percentage of patients with
elevated temperatures and a decreased percentage of patients
with a normal WBC, though these differences are small and
of unclear clinical significance. There was notably a sub-
stantial increase in patients with an elevated lactate, which
alternatively may represent advanced severity of disease.
Concurrently there was a decrease in patients with no lactate
value obtained, suggesting that there was either a concern for
increased severity of disease or a change in clinical practice.
However, there was no significant difference in presenting
vital signs (systolic blood pressure, heart rate, or monitored
shock index).

The American Association for the Surgery of Trauma
has created severity scores across multiple EGS diagnoses
and these have performed well as predictors of outcome
[26-29]. While many authors have attempted to pair I[CD-9
and ICD-10 diagnoses with AAST severity scores, this map-
ping remains imperfect. There was no difference in distribu-
tion of EGS diagnoses across our time periods, similar to
other studies [9]. We similarly attempted to examine severity
based on ICD-diagnosis codes mapped to AAST severity
grades and to AAST Complexity levels as described in a
previous publication [20]. There was no difference in dis-
tribution of severity grade or complexity in the historical
versus pandemic time periods. Furthermore, there was no
difference in the percentage of patents who required an ICU
stay or required mechanical ventilation, further supporting
the concept that there was no substantial increase in patient
severity during the pandemic timeframe.

There has been conflicting data about rates of opera-
tive management and outcomes of EGS patients during the
COVID timeframe. In Israel there was an increased propor-
tion of patients who underwent surgical management while
there was no difference in another a study from the United
Kingdom [6, 7]. In our population there was no difference
in the percent of patients who underwent surgical manage-
ment and no difference in distribution of ASA physical sta-
tus classification, although notably there was an increase in
patients designated as “emergency” based on ASA scores.
It’s unclear if this reflects a true surgical emergency or is a
reflection of a desire to document the need to do this case
in the setting of a pandemic in which non-essential surger-
ies were delayed. However, the higher percentage of cases
lasting over an hour and over 3 hours would suggest that
there may have been some increased technical intraopera-
tive challenges. Similar to Tarim, et al., we did not identify

a difference in overall LOS [9]. Our COVID-19 pandemic
population had lower 30-day mortality but higher 30-day
readmission rates. Though statistically significant, it may
be that the 3.3% higher readmission rate is not clinically
significant.

Our study is the first to our knowledge to look at the
distribution of EGS care across hospital settings within a
healthcare system or region. There has been an ongoing dis-
cussion of the potential value of regionalization of EGS care
as a method to improve outcomes [30]. Prior to COVID-19
our healthcare system had begun a process to “right-size”
EGS care in which in addition to the historical practice of
transferring critically ill patients to a “higher level of care”
we had begun to transfer low-risk EGS patients to a nearby
hospital [22]. In concordance with our on-the-ground expe-
rience, our data demonstrated an increased proportion of
patients being managed at our smallest regional hospitals,
which we believe was an intentional attempt to offload our
highest volume tertiary care facilities. This required fre-
quent communication and collaboration between our sur-
geons across multiple facilities to identify creative solu-
tions and provide support for management in local settings.
While these types of collaborations had been historically
supported though our interfacility transfer process and the
Atrium Health National Surgical Quality Improvement Pro-
gram (NSQIP) Collaborative, they were further supported
by a recently created Acute Care Surgery Network structure.

Putting together the myriad of data available regard-
ing EGS volume, management and outcomes during the
COVID-19 pandemic, several have concluded that the
COVID-19 pandemic may have shed light on overuse of
EDs by low complexity cases that could be managed as out-
patients and highlights the opportunity for ongoing work to
realize the benefits of a reduction in the number of hospital
admissions for patients with nonurgent conditions [7, 9, 21,
24].

One interesting finding was the difference between Peak 1
and 2 patients in early 2020 and the Peak 3 patients in 2021.
Although there was a higher percentage of EGS admissions
who tested positive for COVID-19 in Peak 3, this cohort
had a lower rate of ICU utilization, ventilator requirement
and surgical management than in Peak 1. These findings
suggest that although there was no difference in the overall
comparison of pandemic vs. historical cohorts, there likely
was some increased severity of disease in the earliest phases
of the COVID-19 pandemic. Notably, Peak 3 did have some
overlap with the first availability of COVID vaccines as the
first COVID vaccination in North Carolina was given on
December 14", 2020 [31]. However, as of early February
2021, only 6.75% of the Mecklenburg County population
had received a single dose of the vaccine and only 1.8%
were fully vaccinated, suggesting that the vaccine likely had
minimal impact on Peak 3 [32].
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Despite the benefits of our study being across a health-
care region, including ED, urgent care, and hospital visits,
and examining the impact of the COVID-19 pandemic on
EGS diagnoses across a longer timeframe, our study does
have limitations. Due to the high volume of patients in each
cohort, it was not feasible to obtain information on the time
interval from onset of symptoms to presentation for evalu-
ation. Additionally, it is possible that patients sought care
at a facility outside of our system during the COVID-19
pandemic and thus would not be available within our dataset.
Finally, there is no way to determine if patients died due to
delay in seeking care and thus would not have been able to
be included in our dataset.

Conclusions

Our study demonstrated that there was a decreased volume
of patients with EGS diagnoses who received care at an
urgent care, freestanding ED, or hospital facility during the
peaks of the COVID-19 pandemic in our healthcare system.
There was a decrease in patients evaluated at an acute care
hospital and an increase in patients managed at our smaller
hospitals, potentially reflecting efforts on both the part of
the healthcare system and patients to offload our highest
acuity facilities during the time of a healthcare crisis. We
agree with other authors that this offers the opportunity to
examine lessons learned during the COVID-19 pandemic
and thoughtfully consider how they can be applied to future
management of EGS patients to reduce healthcare utilization
while maintaining patient outcomes.
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