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Introduction: In the spring of 2020, New York City was one of the first epicenters of the
COVID outbreak. In this study, we evaluate the incidence and treatment of appendicitis in
two New York City community hospitals during the COVID pandemic.
Methods: This retrospective study focused on the incidence and outcome of acute appen-
dicitis in the adult population (>18 y old) during peak-COVID periods (March 16, 2020,-June
15, 2020) compared to pre-COVID and post-COVID periods. We compared the number of
patients who underwent operative versus nonoperative management, patient de-
mographics, length of stay (LOS), complications, and readmission rates within these time
periods. Data are presented as mean =+ standard deviation (analysis of variance).
Results: From January 1, 2020 to December 31, 2020, 393 patients presented with acute
appendicitis and 321 (81.7%) were treated operatively, compared to 441 total and 366
treated operatively (83%) in 2019 (P = 0.88). During the COVID outbreak, fewer patients
presented with appendicitis (mean 6.9 + 1 pre-COVID case/week, 4.4 + 2.4 peak-COVID
cases/week and 7.6 + 0.65 post-COVID cases/week, P = 0.018) with no significant differ-
ence in the pre-COVID and post-COVID period. There was no difference in LOS between the
pre-, peak-, and post-COVID periods with a median of 1 for all the three, (interquartile
range (IQR): 0.8-2, 0.6-2, 0.6-2, respectively, P = 0.43). Additionally, there was no difference
in 30-day readmission rates (4.2%, 0%, 3.9%, P = 0.99) and postoperative complications
(4.2%, 0%, 2.9%, P = 0.98).
Conclusions: During peak-COVID, there was a significant reduction in the number of pa-
tients who presented with acute appendicitis without a post rebound increase in presen-
tation. Those who presented during peak-COVID were able to undergo operative
management safely, without affecting LOS or postoperative complications.

© 2023 Elsevier Inc. All rights reserved.
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Introduction

Acute appendicitis is one of the most common abdominal
surgical conditions in the United States, with more than
300,000 appendectomies performed annually.' Although
nonoperative management with antibiotics can be an
acceptable and effective treatment option for simple acute
appendicitis,’ laparoscopic appendectomy is the gold stan-
dard in management.” Other treatment modalities include
percutaneous drainage of appendiceal abscess for patients
with perforated appendicitis, but even then, interval appen-
dectomy is often done after successful drainage and resolu-
tion of the acute inflammation.

The treatment algorithm for appendicitis changed with
the rise of the novel 2019 coronavirus outbreak (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The World Health Organization announced
COVID-19 a pandemic in March of 2020, and New York City
was one of the first major epicenters for the virus across all
the five boroughs.® Hospitals began to ration resources and
create protocols for treatment plans as the pandemic wors-
ened.*” The management for acute appendicitis varied
worldwide as the virus continued to spread and little was
known. Given the expeditious rate of global infection spread,
some countries and cities elected to proceed with nonoper-
ative management while others elected to favor operative
management when possible.®® Given unknowns about the
virus and how it affected patients with comorbidities, there
was concern that operating on these patients would increase
morbidity related to COVID as well as potential viral trans-
mission from producing pneumoperitoneum. There was also
concern for preservation and allocation of staff and
resources.

In this study, we look at our two hospitals in the diverse
neighborhoods of Brooklyn and Queens, New York, and our
practices for patients who were diagnosed with appendicitis
during the COVID pandemic. We also evaluate for changes in
rate of admissions for appendicitis as well as changes in
management during the 2020 pandemic compared to 2019.

Methods
Patient population

Between March 16 and June 14, 2020, all elective surgical
procedures in the NewYork Presbyterian (NYP) Brooklyn
Methodist Hospital system were canceled to reallocate re-
sources for patient safety and redistribute hospital staff. Only
three operating rooms (ORs) out of eighteen were functioning
during the peak as the others were converted temporarily into
intensive care unit beds for COVID patients given capability
for negative pressure ventilation. Similarly, all elective surgi-
cal procedures were restricted at NYP Queens Hospital be-
tween March 16, 2020, and June 14, 2020, with one OR out of
twenty functioning for procedures.

Patients who presented to the emergency department at
NYP Brooklyn Methodist Hospital and NYP Queens Hospital
between January 1, 2019 and December 2020 under the

International Classification of Diseases codes relating to
appendicitis were included within our study. Patients in the
pediatric population (<18 y old) were excluded. During the OR
shutdown, the pediatric units in both of this study’s hospitals
were redesigned to serve as intensive care units for COVID
patients. Pediatric patients who required additional care or
overnight stay were transferred to our institution’s main
pediatric hospital. Additional exclusion criteria included
patients with chronic appendicitis, patients who presented
for interval appendectomy for previous episode(s) of appen-
dicitis, and those who underwent additional concurrent pro-
cedures or complications intraoperatively that warranted
additional procedures.

Patients who underwent operative management for
appendicitis were included for comparison of hospital course
review. Operative management was defined as either laparo-
scopic or open appendectomies, or operative drainage.
Nonoperative management included antibiotic treatment or
minimally invasive drainage.

Data collection

Electronic medical records were extracted and retrospectively
reviewed. Patient identification was removed prior to data
analysis and institutional review board approval was obtained
for retrospective review between both hospitals for the study
prior to proceeding with data collection and analysis. Consent
was waived given minimal risk to patients and patient infor-
mation was de-identified. Overall comparison of incidence of
appendicitis and rate of surgical versus conservative or
nonoperative management was made between 2019 and 2020.
Within 2020, incidence rates of appendicitis were divided into
time intervals relative to the COVID pandemic peak when OR
cases were limited to emergencies: January 1 to March 15, 2020
(preperiod), March 16 to June 14, 2020 (peak period), and June
15 to December 31, 2020 (post period).

Variables analyzed for patients with appendicitis in 2020
included sex, age, race, ethnicity, American Society of Anes-
thesiologists (ASA) classification, body mass index (BMI), and
symptom duration length prior to admission. The primary
outcome of the study focused on postoperative outcomes
which were compared between the peak-COVID and the pre-
COVID and post-COVID periods; these outcomes included
hospital length of stay (LOS), readmission rates, and compli-
cation rates within 30 d postoperatively. Postoperative com-
plications included deep venous thrombosis, urinary tract
infection, pulmonary embolism, abscess formation, or surgi-
cal site infection. The surgical site infection was defined as
superficial infections including cellulitis whereas abscesses
pertained to deep infections.

Statistical analysis

Analysis was performed using the analysis of variance for
univariate analysis. Chi-square test and Fisher’s exact test
were used for categorical data analysis, with a P-value <0.05
considered to be statistically significant. Continuous variables
were noted to be skewed. The Kruskal—Wallis test was used to
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analyze age, LOS, BMI, and duration of symptoms. Statistics
were performed on SAS OnDemand for Academics.

Results
2019 and 2020 incidence comparison

From January 1, 2020 to 12/31/2020, 393 patients presented
with acute appendicitis and 321 (81.7%) were treated opera-
tively, compared to 441 total and 366 treated operatively (83%)
in 2019 (P = 0.88). In 2020, 12.7% (n = 50) of patients who pre-
sented with appendicitis underwent percutaneous drainage,
whereas 5.6% (n = 22) had nonoperative management
with antibiotics only. In 2019, 10.4% (n = 46) of the patients
underwent interventional radiology (IR) drainage, and
6.3% (n = 28) were treated nonoperatively with antibiotics, in
which there was no significant difference (P = 0.36). During the
pre-COVID period in 2020, there was an average of 28 patients
per month managed operatively compared to 2 with IR
drainage and 7 with antibiotics. During the peak, there was an
average of 18 patients per month managed operatively
compared to 2 with IR drainage and 5 with antibiotics. Finally
during the post, there was an average of 30 patients per month
managed operatively compared to two per month with IR
drainage and three per month with antibiotics (Fig. 1). Two
patients who had undergone open appendectomy were
initially from laparoscopic converted to open.

The average weekly rate of acute appendicitis during
the pre-COVID, peak-COVID time and post-COVID time periods
was 6.9 + 1, 4.4 £+ 2.4, and 7.6 £ 0.65, respectively (P = 0.018),
with the median incidence rate being 6.8, 5.3, and 7.4 d (Fig. 2).

60
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40

30

20

10

Number of patients with acute appendicitis
per month

2020 comparison between pre-COVID, peak-COVID, and
post-COVID shutdown

Patient demographics

The median age for patients during the pre-COVID, peak-
COVID and post-COVID shutdown periods were 37, 33, and
38 y old (interquartile range [IQR] 29-47, 26-44, 29-50, respec-
tively. There was no difference in sex for patients who un-
derwent surgery during the three time periods; males
encompassed 60.6%, 51.2%, and 48.8% of patients during the
pre-COVID, peak-COVID and post-COVID while females were
38.4%, 48.8%, and 51.2%, respectively, (P = 0.23). There was
also no difference in BMI, with median BMIs of 25.4, 25.8, and
26.3 for these time periods (IQR 22.2-28.7, 22.5-28.7, and 23-30,
respectively, P = 0.16) (Table 1).

(Table 1) The majority ASA class for pre-COVID, peak-
COVID, and post-COVID periods were ASA II (46.5%), ASA I
(44.2%), and ASA II (57.5%), respectively, (P = 0.0015). The
median and mode for the pre-COVID and peak-COVID periods
were ASA I, whereas the median and mode for the post period
was ASA II. In regards to race and ethnicity, there was no
significant difference (P = 0.2), and of patients with reported
ethnicity, there was also no significant difference (P = 0.3).
Median symptom duration for each time period was 1 d (IQR
1-2, P = 0.45) (Table 1). The majority of patients underwent
laparoscopic approach regardless of time period in relation to
the pandemic peak. Two patients in post-COVID that had
open appendectomies were laparoscopic converted to open,
representing 9% of all open appendectomies in this time
frame.

There were a total of ten patients who presented during the
peak- and post-COVID periods who were COVID positive. Two
of these patients were operated on during the peak-COVID

0
March April May June July Aug
Month
H20190p [@20191R [2019 Abx M 2020 Op 2020 IR 2020 Abx

Fig. 1 — Number of patients who presented with acute appendicitis each month during 2019 and 2020 and form of
management. Op = operative; IR = interventional radiology for percutaneous drainage; Abx = antibiotics only.
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Fig. 2 — Weekly rate of appendicitis cases during 2019, 2020, and peak-COVID time period in 2020.

Table 1 — Comparison of patient demographic and preoperative factors.

Patient factor Time period P-value
Pre-COVID (n = 71) Peak-COVID (n = 43) Post-COVID (n = 207)
Age in y (median, IQR) 37 (29-47) 33 (26-44) 38 (29-50) 0.37
Sex (%)
Male 43 (60.6%) 21 (51.2%) 101 (48.8%) 0.23
Female 28 (39.4%) 21 (48.8%) 106 (51.2%)
Race (%)
Caucasian 31 (43.7%) 14 (32.6%) 79 (38.2%) 0.2
African-American 7 (9.9%) 4 (9.3%) 27 (13%)
Asian 9 (12.7%) 13 (2%) 36 (17.4%)
Other 0 (0%) 0 (0%) 0 (0%)
Unknown 24 (33.8%) 12 (27.9%) 65 (31.4%)
Ethnicity (%)
Non-Hispanic 42 (59.2%) 22 (51.2%) 107 (51.7%) 0.31
Hispanic 16 (22.5%) 10 (23.3%) 66 (31.9%)
Unknown 11 (15.5%) 11 (25.6%) 33 (15.9%)
ASA class (%)
I 31 (43.7%) 19 (44.2%) 55 (26.6%) 0.0015
1 33 (46.5%) 18 (41.9%) 119 (57.5%)
i} 2 (2.8%) 1(2.3%) 25 (12%)
1\ 1 (1.4%) 0 (0%) 0 (0%)
v 0 (0%) 0 (0%) 0 (0%)
BMI (median, IQR) 25.4 (22.2-28.7) 25.8 (22.5-28.7) 26.3 (23.0-30.0) 0.16

ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = Interquartile range; SD = standard deviation.
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Table 2 — Comparison of patient outcomes postoperatively.

Operative outcome Time period P-value
Pre (n =71) Peak (n = 43) Post (n = 207)
Method of surgery
Laparoscopic 66 (93%) 40 (93%) 184 (88.9%) 0.49
Open 5 (7%) 3 (7%) 23 (11.1%)
Symptom duration in days (median, IQR) 1(1-2) 1(1-2) 1(1-2) 0.43
LOS in days (median, IQR) 1(0.8-2) 1(0.6-2) 1(0.6-2) 0.63
Readmissions (%) 3 (4.2%) 0 (0%) 8 (3.9%) 0.99
Postoperative complications (%) 3 (4.2%) 0 (0%) 6 (2.9%) 0.98
PE 0 (0%) 0 (0%) 0 (0%)
UTI 0 (0%) 0 (0%) 0 (0%)
DVT 0 (0%) 0 (0%) 0 (0%)
Abscess 1 (1.4%) 0 (0%) 6 (2.9%)
SSI 2 (2.8%) 0 (0%) 0 (0%)

DVT = deep venous thrombosis; LOS = length of stay; PE = pulmonary embolism; Readmissions = 30 d readmissions; SD = standard deviation;

SSI = surgical site infection; UTI = urinary tract infection.

period. The remaining eight patients were treated post-
COVID; one was treated nonoperatively with antibiotics and
the other seven were treated surgically (six laparoscopically
and one open). Only one patient in the post-COVID time had
readmission for abscess.

Postoperative outcomes
There was no significant change in LOS with the median
number of days for LOS being 1 d for all three time periods
(IQrR 0.8-2, 0.6-2, 0.6-2 for pre-, peak-, and post-COVID
respectively) (Table 2).

Overall complication rates were 4.2% (n = 3), 0% (n = 0), and
2.9% (n = 6) in the pre-, peak-, and post-COVID periods
(P = 0.98). Readmission rates were 4.2% (n = 3), 0% (n = 0), and
3.9% (n = 6), respectively (P = 0.99) (Table 2).

Discussion

Laparoscopic surgery, which began gaining widespread use
approximately 50 y ago, is now the standard of care for many
conditions requiring emergency general surgery including
appendicitis. However, the COVID-19 pandemic presented a
significant challenge to public health in New York City health
systems not seen in over a century and impacted the routine
use of laparoscopic surgery. In addition to disaster prepared-
ness protocols which led to surgical resource reallocation and
staff redeployment, surgical management of appendicitis may
have also been limited by unmeasurable changes such as dif-
ferences in patient attitude toward hospitalization and con-
cerns for staff safety due to laparoscopic plume contributed to
the increasing adoption of nonoperative management.™*
Although nonoperative management has been a topic of
recent interest, the pandemic may have helped accelerate the
use of nonoperative management for appendicitis. Our hos-
pitals, like others in New York City and across the nation,
halted elective surgeries and limited OR availability due to ad

hoc local and national guidelines regarding COVID.*” Although
our hospitals had a significant reduction in operative case
volume during the peak of the pandemic, the percentage of
general surgery cases compared to other specialties during this
time did not decrease.’® Despite the decrease in patients with
appendicitis that went to the OR during the COVID lockdown
period, in our cohort, the proportion of operative appendicitis
remained the same. This suggests that during the COVID
lockdown period, there was a decrease in presentation of
appendicitis rather than decrease in operative management.

There were no significant differences noted in patient de-
mographics, including age, sex, BMI, or symptom duration. On
admission, some patients opted not to disclose race or
ethnicity, limiting the analysis. Interestingly, there was a
significant difference between the three time periods in ASA
classification. Without significant differences in other preop-
erative characteristics such as age, gender, BMI, it is possible
that the difference in ASA class reflects a behavioral change in
patients who have an option to present to the hospital.
However, without a difference in severity of appendicitis on
presentation in our data, factors outside of behavior may
contribute to this pattern.

There was no significant difference in postoperative com-
plications, LOS, or readmission rates for patients who under-
went operative management for appendicitis between the
three time periods. Although outpatient appointments in NYC
during the peak of the pandemic were limited to virtual visits
and telephone calls due to restrictions,'” the number of
postoperative complication or readmission rates was poten-
tially blunted by routine patient education regarding signs and
symptoms requiring prompt medical attention. While there
was a concern for worsened outcomes during the shutdown
time period due to delayed presentation, decreased OR staff,
and decreased recent surgical volume, our dataset does not
show an increase in postoperative adverse events for patients
with operative appendicitis during the time frame of the
pandemic shutdown.
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Although some studies have advocated for nonoperative
management during the conditions of the pandemic,'*'" it
may not be necessary to delay operative management on
these patients. There is mixed literature on the severity of
appendicitis on presentation during the quarantine and
shutdowns.'*** In our patient population, we could not detect
a difference in the acuity or severity of appendicitis on pre-
sentation. There is not enough data to confirm the safety of
operating on patients who test positive for COVID-19, as only a
small subset of our patient population who presented with
acute appendicitis had concurrent COVID infection. We are
also unable to compare rates with pre-COVID patients as
testing was not available at that time.

Acute appendicitis was found to have decreased incidence
in other areas and countries as well during the pandemic,
including Europe and other parts of the United States.'®'?
Although there are some reports that COVID-19 may present
as appendicitis,® it is difficult to determine whether these
patients incidentally also had appendicitis or if these symp-
toms and findings were truly related to the virus. Further
studies are necessary to understand what specific factors
played a role in the decrease in incidence of appendicitis
during the peak-COVID time frame.

A causal link between the viral infections and appendicitis
remains a tantalizing hypothesis; however, due to the low
incidence of COVID-19 within our cohort, we cannot evaluate
for an association between COVID-19 infection and appendi-
citis from our data. Interestingly, our data did not show evi-
dence of a rebound in incidence of acute appendicitis after the
shutdown, as the number of patients who presented during
the preperiods and post periods were relatively similar. It is
possible that patients with appendicitis traveled to hospitals
in other locations because of traveling bans, but there was a
decrease in acute appendicitis in other geographic areas as
well during the pandemic.””*® In addition, there was a
decrease in overall surgical urgent cases which reflects a
decrease in the admission rates of patients with surgical dis-
ease.’® In New York and other major cities, there was an
overall decrease in emergency department visits,’’ suggesting
that there were broader changes in hospital use among pa-
tients during the peak-COVID time period.

Limitations

This study has inherent limitations as a retrospective study at
two institutions from a single city. In addition, given the
increased use of telehealth during the shutdown period, pa-
tients who may have otherwise presented to the hospital may
have opted for telehealth visits at home. Our data also does
not capture attrition rates and patients lost to follow-up,
which may result in underreported postoperative outcomes.
Although there are some studies that have shown that ap-
pendectomies were safe during the pandemic,’ further
investigation is needed to better evaluate the safety and effi-
cacy of operative management for appendicitis during the
peak of the virus. With the advent of the COVID-19 vaccines,
future steps would be to investigate long-term trends in the
natural history of appendicitis, treatment patterns, and post-
treatment course in relation to COVID-19. We did not inves-
tigate length of surgery and time to surgery as time to surgery

would be difficult to compare between the peak and post time
periods due to mandatory preoperative COVID testing. During
these time frames, processing times for COVID swabs
continued to evolve, thus affecting time to surgery. Despite
this, LOS did not change significantly, signifying that there
were no major changes in outcomes for appendectomies. We
also did not include insurance status as part of our study. This
would be a critical value to include in future research in
comparing demographics of patients and how socioeconomic
status may or may not be associated with the pandemic.

In summary, we found that appendectomies were safe for
patients during the peak of the first wave of COVID-19 and
lockdown. Surgeons should not hesitate to operate on patients
with appendicitis whom they deem to be safe candidates as
long as there is adequate staffing and resources available.
However, surgeons should continue to be diligent in appro-
priately risk stratifying and optimizing patients preopera-
tively and consider each patient on an individual basis before
proceeding with surgery.
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