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Abstract

Background: Acute appendicitis (AA) is the most common surgical emergency, with a relatively stable yearly incidence.
During the first wave of the COVID-19 pandemic, as New York City (NYC) emerged as the US epicenter, hospitals saw
a marked reduction in patients presenting with non-COVID-related diseases. The objective of this study was to
characterize the effects of the pandemic on the incidence, presentation, and management of AA.

Methods: A retrospective analysis of patients with AA who presented to two academic medical centers during the NYC
COVID peak (March 22nd-May 3 1st, 2020) was performed. This group was compared to a control cohort presenting
during the same period in 2019. Primary outcomes included the incidence of AA, complicated disease, and management.
Secondary outcomes included duration of symptoms, hospital length of stay, and complication rates. Statistical analyses
were performed using Mann-Whitney U, Chi-square, and Fisher’s exact tests.

Results: A 49.1% reduction in the incidence of AA was seen between 2019 (n = | 14) and 2020 (n = 58). Median duration of
symptoms doubled from | day in 2019 to 2 days in 2020 (P < .02). Proportionally, the incidence of complicated appendicitis
rose from 19.3% to 41.4% (P < .005). 32.4% of patients with uncomplicated AA underwent non-operative management in
2020, compared to 12% in 2019 (P < .02). Hospital length of stay and complication rates were similar between years.

Discussion: Significantly fewer AA patients presented during the initial phase of the pandemic. Patients presented later,
which may have contributed to a higher proportion of complicated disease. Surgeons were also more likely to treat
uncomplicated AA nonoperatively than they were prior. Further research is needed to understand the long-term
consequences of these changes.
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Key Tak
ey Takeaways Introduction

¢ Significantly fewer patients with acute appendicitis
presented to our hospitals during the initial phase of
the COVID-19 pandemic, with a proportional in-
crease in complicated appendicitis from 19.3% in
2019 to 41.4% in 2020.

The World Health Organization declared Coronavirus
Disease 2019 (COVID-19) a worldwide pandemic on
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March 11th, 2020. On March 22nd, as New York City
(NYC) emerged as the epicenter of disease outbreak in the
United States and a first wave of COVID-19 patients
flooded its many hospitals, New York State issued a “New
York State on Pause” executive order, closing all non-
essential businesses, banning social gathering, and or-
dering residents to shelter in place. To conserve resources
for the expected large influx of COVID-19 patients,
hospitals around the city also postponed or canceled
elective procedures.' Health systems across the city also
began to see a marked reduction in patients presenting
with non-COVID-related urgent and emergent conditions
such as acute coronary syndrome, stroke, and acute
abdomen.*™

Acute appendicitis (AA) is the most common surgical
emergency worldwide, and appendectomy is the gold
standard treatment for acute, uncomplicated disease.’
A study of surgeries performed in Taiwan during the
SARS-CoV-1 outbreak in 2003 identified appendectomy as
the procedure with the lowest demand elasticity, with the
number of appendectomies performed being generally in-
sulated from societal and pandemic-related changes.® Given
the expected steady incidence of AA, surgeons in NYC
expected continued influx of this common surgical disease.

However, despite these expectations, the number of
patients presenting with AA in New York City declined
dramatically. Hospitals nationwide saw a 42% decrease in
emergency department (ED) visits in March and April 2020,
with the largest decline in visits for complaints of abdominal
pain.* Multiple recent studies have shown declines in pa-
tients presenting with AA, delays in patients seeking
treatment, and a marked decrease in appendectomies per-
formed worldwide during the COVID-19 pandemic.”"”

The objective of this study is to characterize the effect
of the COVID-19 pandemic on the incidence, pre-
sentation, complications, and management of AA in two
large, academic hospitals in New York City. NYU Tisch
Hospital, part of NYU Langone Health, is a private, non-
profit, 1100-bed teaching hospital. New York City
Health + Hospitals/Bellevue is the flagship of the largest
municipal hospital system in the United States, and is
a public, 1500-bed teaching, safety-net hospital and Level
I trauma center. Surgical staff at both hospitals followed
administrative guidance throughout the pandemic to
continue emergency surgery as necessary.' In comparison
to 2019, we hypothesize there was a significant decrease
in the incidence of acute appendicitis and an increase in
the proportion of patients presenting with perforation or
more complicated disease.

Materials and Methods

This retrospective cohort study was approved by the NYU
Grossman School of Medicine Institutional Review Board
and the Bellevue Research Review Committee.

All eligible patients were identified using the electronic
medical record reports of general surgery consults billed
and by using International Classification of Disease 10
(ICD-10) codes. Patients 18 years or older with a di-
agnosis of AA, who presented between March 22nd and
May 31st, 2020 comprised the pandemic cohort. A control
cohort consisted of patients with AA presenting during the
same period in 2019.

The primary outcomes were the differences in the
incidence of AA, incidence of complicated and un-
complicated disease, and operative and non-operative
management between the cohorts. Complicated appen-
dicitis was defined as AA with radiographic or intra-
operative findings consistent with abscess, phlegmon, or
perforation.

Secondary outcomes included duration of symptoms
prior to presentation, patient referral patterns (eg, referred
from urgent care, primary care, etc.), hospital length of
stay (HLOS), 30-day complication rates, and rates of
recurrence. Additional variables including demographics
and medical comorbidities were also collected.

Statistical analysis was performed using R Studio
software (RStudio, Boston, MA). Descriptive statistics
were performed for all continuous variables and are re-
ported as mean and standard deviation or median. Con-
tinuous variables were compared using Student’s t-test or
the Mann-Whitney U test. Categorical variables were
compared using Fisher’s exact test or the chi-square test.
Significance was set at P < .05.

Results
Overall Incidence

172 patients were diagnosed with AA during the study
period. 58 patients presented with AA during the pan-
demic period compared to 114 patients during the same
period in 2019. This represented a 49.1% reduction.

Demographics and Comorbidities

Patient demographic information and medical co-
morbidities are listed in Table 1. There was no significant
difference between the pandemic and control cohorts with
regard to age, sex, race, or ethnicity. Five patients (8.6%)
in 2020 had a positive COVID-19 PCR test. No patient
tested positive for COVID-19 in the 30 days following
their initial admission.

Pre-Hospital Characteristics

The median duration of symptoms prior to presentation in
2020 was 2 days, compared to 1 day in 2019 (P =.0117).
Twenty-one patients (36.2%) in the pandemic cohort
presented greater than 48 hours after the initial onset of
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Table I. Patient Demographics, Comorbidities, and Pre-Hospital Characteristics.
Control cohort (n = | 14) Pandemic cohort (n = 58) P value
Bellevue Hospital n (%) 25 (21.9) 14 (24.1)
NYU Tisch Hospital n (%) 89 (78.1) 44 (75.9)
Age (sd) 39.9 (15.9) 41.8 (17.4) .5729
Median age 35 36
Female, n (%) 58 (50.9) 27 (46.6) 7076
Race .6158
White, n (%) 65 (57.0) 30 (51.7)
Black, n (%) 12 (10.5) 3(52)
Asian, n (%) 10 (8.8) 7 (12.1)
Native Hawaiian/Pacific Islander, n (%) I (.9) 0 (.0)
Other/Unspecified, n (%) 26 (22.8) 18 (31.0)
Ethnicity .8360
Hispanic or Latino, n (%) 21 (18.4) 13 (22.4)
Not hispanic or Latino, n (%) 87 (76.3) 42 (72.4)
Other/Unspecified, n (%) 6 (5.3) 3 (5.2)
Positive COVID PCR, n (%) 0 (.0) 5(8.6)
Comorbidities
Hypertension, n (%) 17 (14.9) 6 (10.3) 4833
Hyperlipidemia, n (%) Il (9.6) 9 (15.5) 3152
Asthma, n (%) Il (9.6) 9 (15.5) 3152
Diabetes, n (%) 5 (44) 0 (.0) .1689
Obesity, n (%) 7 (6.1) 4 (6.9) I
Pre-hospital characteristics
Median duration (d) of symptoms prior to presentation I 2 0117
Presentation >48 hours from symptom onset, n (%) 18 (15.8) 21 (36.2) .0018
Referred from OSH, UC, or other provider, n (%) 42 (36.8) 14 (24.1) .0928

sd = Standard Deviation; d = Days; PCR = Polymerase Chain Reaction; OSH = Outside Hospital; UC = Urgent Care.

symptoms, whereas 18 patients (15.8%) presented after
that amount of time in 2019 (P =.0018). Patients referred
from an outside hospital, urgent care, or other provider
comprised 24.1% of the pandemic cohort and 36.8% of
the control cohort, though this was not significant (P =
.0928) (Table 1).

Diagnosis and Severity of Disease

There was an increase in the proportion of patients pre-
senting with complicated appendicitis during the pan-
demic. Twenty-four patients (41.4%) of the pandemic
cohort were diagnosed with complicated disease, com-
pared to 22 patients (19.3%) in 2019 (P = .0036)
(Figure 1). Thirteen patients (22.4%) in 2020 and 10
patients (8.8%) in 2019 were found to have either ra-
diographic evidence or intra-operative findings of an
intra-abdominal abscess (P =.0177). Analysis of surgical
specimens of 3 patients in the pandemic cohort and 2
patients in the control cohort revealed pathology con-
sistent with appendiceal neoplasm (P = .3324) (Table 2).

Patients presenting in 2020 with a diagnosis of com-
plicated appendicitis had a longer median duration of

symptoms than those with uncomplicated disease (3 days
vs 1 day, P = .0180) (Table 3).

Management

There was an increase in the proportion of patients
managed non-operatively in the pandemic cohort.
Twenty-three patients (39.7%) underwent non-operative
management (NOM) during the pandemic compared to 22
patients (19.3%) in 2019 (P = .0072) (Table 2). This
difference was largely driven by an increase in the non-
operative management of patients with uncomplicated
AA. Of the 34 patients with uncomplicated AA in 2020,
11 (32.4%) underwent NOM. This represents a pro-
portional increase from 2019 where 11 of 92 patients
(12.0%) with uncomplicated disease underwent NOM
(P = .0158). There were no significant differences in the
management of complicated AA between cohorts
(Figure 1).

Five patients otherwise meeting eligibility for appen-
dectomy were deferred due to COVID-19 pandemic-
related restrictions, as documented in the medical
record. Three of these patients had a positive COVID-19
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Figure |. Comparison of diagnosis and management of complicated and uncomplicated acute appendicitis (AA) during the study

period.

PCR test. Additionally, one asymptomatic patient who
was found to be COVID positive underwent laparoscopic
appendectomy.

Hospital Course, Complications, and Outcomes

Hospital length of stay was similar for both cohorts at
30 hours in 2020 and 32 hours in 2019 (P = .2798)
(Table 2). Patients managed non-operatively in 2020 had
a longer median HLOS than those managed surgically,
though this difference was not significant (48 hours vs
30 hours, P = .9864). For patients with complicated AA,
median HLOS was significantly shorter in the pandemic
cohort at 48 hours than in the control cohort at 84 hours
(P =.0298). There was no significant difference in HLOS
for uncomplicated appendicitis between 2019 and 2020.

There was no significant difference in 30-day com-
plication rates between the pandemic and control cohorts.
Eight patients (13.8%) in 2020 and eight patients (7.0%)
in 2019 experienced at least 1 complication within 30 days
of their initial presentation. [leus was more common in the
pandemic cohort, complicating 4 cases (6.9%) compared
to 1 case in 2019 (P = .0448). Three (13.0%) of the 23
patients managed non-operatively in 2020 presented with
recurrence of appendicitis within 6 months of their initial

episode. Similarly, 3 of the 22 patients (13.6%) managed
non-operatively in 2019 presented with recurrence
(Table 2).

For patients presenting with uncomplicated appendi-
citis, there were no significant differences in HLOS, 30-
day complication rates, or recurrence rates between those
managed operatively or non-operatively.

Compared with patients managed operatively in 2020,
the 5 patients whose operations were deferred due to
COVID-19 infection or pandemic restrictions had similar
HLOS and 30-day complication rates. One patient presented
with recurrence within 6 months requiring operation. Three
other patients underwent interval appendectomy within
6 months.

Private versus Public Hospital

44 patients presented with AA to NYU Tisch Hospital,
a private hospital, during the pandemic period. Fourteen
patients presented to New York City Health + Hospitals/
Bellevue, a public hospital. It is important to note that
these two institutions are staffed by surgeons, all of whom
hold faculty positions at NYU Langone Health. These
surgeons followed the same evolving administrative and
surgical guidelines during the pandemic period.
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Table 2. Diagnosis, Management, and Outcomes.
Control cohort (n = |14) Pandemic cohort (n = 58) P value
Acute appendicitis
Uncomplicated, n (%) 92 (80.7) 34 (58.6) .0036
Complicated, n (%) 22 (19.3) 24 (41.4)
Intra-abdominal abscess, n (%) 10 (8.8) 13 (224) 0177
Appendicolith, n (%) 27 (23.7) 18 (31.0) 3594
Appendiceal neoplasm, n (%) 2 (1.8) 3(52) 3324
Management
Operative, n (%) 92 (80.7) 35 (60.3) .0072
Non-operative, n (%) 22 (19.3) 23 (39.7)
Drainage by IR, n (%) 1 (9) 3(52) 12
Outcomes
Median hospital length of stay (hr) 32 30 2798
Recurrence within 6 months, n (% of non-operative) 3 (13.6) 3 (13.0) I
Complications
Any complication within 30 days, n (%) 8 (7.0) 8 (13.8) 1701
Aborted surgical dissection 2 (1.8) 0 (.0) .5504
Intra-operative complication 1 (.9) 0 (.0) I
Post-operative fever 3 (2.6) 0 (.0) 5517
Intraabdominal abscess post-intervention 0 (.0) 2 (3.4) 1124
lleus during hospital stay 1 (9) 4 (6.9) .0448
New C. difficile infection 0 (.0) 1 (1.7) 3372
Readmission for related within 30 days 2 (1.8) 352 .3368

IR = Interventional Radiology; hr = Hours; d = Days.

For the pandemic cohort, the median HLOS of 27
hours at NYU Tisch was significantly shorter than the
median HLOS of 48 hours at Bellevue (P =.0243). When
examining each institution alone, the median HLOS at
NYU Tisch decreased from 32 hours in 2019 to 27 hours
in 2020 (P = .0378). In contrast, HLOS at Bellevue
increased from 32 hours in 2019 to 48 hours in 2020,
though this difference was not significant (P = .2006)
(Table 4).

There was no significant difference in severity of
disease, management, or complication rates between
the two institutions in 2019 or 2020. However, each
institution saw an increase in the proportion of patients
presenting with complicated appendicitis during the
pandemic. This was a statistically significant increase at
Bellevue (12.0% vs 50.0%, P = .0190), but was not at
NYU Tisch Hospital (21.3% vs 38.6%, P = .0560)
(Table 4).

In 2020, the majority of patients (69%) identifying as
Black or Hispanic sought care for their AA at Bellevue,
whereas all patients identifying as White presented to
NYU Tisch (P < .0001). Additionally, 32.7% of White
patients compared to only 6.3% of Black or Hispanic
patients were referred to the emergency department from
another facility such as an urgent care or primary care
physician, though this difference was not significant (P =
.0670). Forty-four percent of Black or Hispanic patients

had evidence of complicated disease compared to 28.6%
of White patients. However, this difference was also not
significant (P = .4894). Three Black or Hispanic patients
(18.8%) underwent drainage of an appendiceal abscess by
interventional radiology (IR), whereas no White patients
required drainage (P = .0420). Hospital length of stay was
also significantly longer for patients identifying as Black
or Hispanic at 2 days compared to 1 day for patients
identifying as White. These differences were not present
in 2019.

Discussion

The COVID-19 pandemic changed the landscape of
healthcare across New York City, with health systems
seeing marked reductions in patients with non-COVID-
related urgent and emergent conditions.* Our results are
consistent with this phenomenon, showing a 49.1% de-
crease in the incidence of AA across our two institutions.
This is in direct contrast to findings by Tsao et al which
purported AA during the first SARS outbreak in 2003 as
the condition with the lowest demand elasticity for
treatment. This decrease in patients with AA presenting to
our emergency departments in 2020 echoes observations
from around the world showing similarly striking de-
clines.”' We hypothesize that this decrease in incidence
represents the effects of patients’ fears of the emergency
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Table 3. Comparison of Uncomplicated and Complicated Appendicitis during the COVID-19 Pandemic (2020).

Uncomplicated appendicitis

Complicated appendicitis

(n = 34) (n=24) P value

Age (sd) 39.2 (17.3) 45.6 (17.3) .1020
Female, n (%) 17 (50.0) 10 (41.7) 7193
Race 0148

White, n (%) 22 (64.7) 8 (33.3)

Black, n (%) 1 (2.9) 2 (8.3)

Asian, n (%) 1 (2.9) 6 (25.0)

Native Hawaiian/Pacific Islander, n (%) 0 (.0) 0 (.0)

Other/Unspecified, n (%) 10 (29.4) 8 (33.3)
Ethnicity

Hispanic or Latino, n (%) 8 (23.5) 5 (20.8)

Not hispanic or Latino, n (%) 24 (70.6) 18 (75.0)

Other/Unspecified, n (%) 2 (5.9) 1 (4.2)

Median duration (d) of symptoms prior to | 3 .0180

presentation

Appendiceal neoplasm, n (%) 0 (.0) 3 (12.5) .0459

Median hospital length of stay (hr) 24 48 .0090

Any complication within 30 days, n (%) 2 (5.9) 6 (25.0) .0554

sd = Standard deviation; hr = Hours; d = Days.

room, self-treatment, temporary emigration from NYC,
and changes in the movement of individuals due to
shelter-in-place orders.

In the weeks after the shelter-in-place orders were
given, public service announcements took to the air,
urging patients to seek timely management of their urgent
conditions, as reports of patients delaying care
emerged.'*"> Our study supports the need for this type of
outreach, as patients clearly delayed presentation by ap-
proximately 1 day. This delay may be explained by pa-
tients’ fears of emergency departments, decreased access
to healthcare due to pandemic restrictions, lack of
transportation, or another factor yet to be established.
With urban emigration during the surge, an increase in AA
at suburban and rural hospitals was expected but has yet to
be noted in the literature.'®

Regardless of their cause, delays in presentation of AA
pose the threat of increased frequency of perforation,
increased morbidity, and increased mortality.'”'® Our
findings demonstrate a proportional increase of 22.1% in
the incidence of complicated appendicitis during the
pandemic. These results corroborate those of other studies
in the US and around the world showing increases in rates
of perforation and complicated disease during the
pandemic.’'*?! Fortunately, no differences in the 30-day
complication rates of either period were noted. However,
perforation itself represents a significant complication: it
may preclude early definitive management, prolong
hospitalizations, and perhaps miss significant pathology,
such as malignancy.

Our findings contrast those of Neufeld et al which
showed a decrease in presentations of uncomplicated AA,
without a significant change in the presentation of com-
plicated AA. The authors suggest their findings may be
due to spontaneous resolution of AA without treatment.
While we acknowledge this possibility, a reliable method
of predicting which patients will resolve without treatment
and who will progress to perforation, sepsis, or death
remains elusive.

Among our most significant findings, the management
of patients during the pandemic changed significantly.
This is consistent with multiple other studies showing
a decrease in appendectomies performed worldwide.”>-**
This decrease may represent changes in hospital policies
to conserve resources and limit exposure, patient or
surgeon preferences, or our limited understanding of the
risks of anesthesia and surgery in COVID patients at that
time. Notably, none of our patients at either hospital
developed COVID-19 within 30 days of admission. Our
study also shows that this change in management did not
result in subsequent increases in complication rates or
hospital lengths of stay. These significant findings may
help inform the management of AA in this and future
pandemics when resources and personnel are strained.

To our knowledge, this is the first study to compare
presentations and management of AA between private and
public institutions within the same municipality. This
comparison allowed us to highlight differences between
the populations served by these two institutions. It has
been established that individuals identifying as Black,
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Table 4. Comparison of Private and Public Hospitals during the COVID-19 Pandemic.

NYU Tisch Hospital

P value for comparison of

Bellevue Hospital
hospitals in 2020

2019 2020 2019 2020
(n =89) (n = 44) (n = 25) (n=14)
Age (sd) 405 (15.7) 42.1 (17.7) 377 (16.8) 4l1.1 (17.2) .8636
Female, n (%) 45 (50.6) 22 (50.0) 13 (52.0) 5(35.7) .3784
Race <.0001
White, n (%) 60 (67.4) 29 (65.9) 5 (20.0) I (7.1)
Black, n (%) I (12.4) 2 (4.5) I (4.0) 1 (7.1)
Asian, n (%) 6 (6.7) 6 (13.6) 4 (16.0) I (7.1)
Native Hawaiian/Pacific Islander, n (%) 0 (.0) 0 (.0) | (4.0) 0 (.0)
Other/Unspecified, n (%) 12 (13.5) 7 (15.9) 14 (56.0) Il (78.6)
Ethnicity <.0001
Hispanic or Latino, n (%) 10 (11.2) 3 (6.8) Il (44.0) 10 (71.4)
Not hispanic or Latino, n (%) 75 (84.3) 39 (88.6) 12 (48.0) 3(21.4)
Other/Unspecified, n (%) 4 (4.5) 2 (4.5) 2 (8.0 1 (7.1)
Acute appendicitis .5393
Uncomplicated, n (%) 70 (78.7) 27 (61.4) 22 (88.0)t 7 (50.0)
Complicated, n (%) 19 (21.3) 17 (38.6) 3 (12.0) 7 (50.0)
Management .1303
Operative, n (%) 70 (78.7)f 24 (54.5)f 22 (88.0) Il (78.6)
Non-operative, n (%) 19 (21.3)f 20 (45.5)% 3 (12.0) 3(21.4)
Outcomes
Median hospital length of stay (hr) 32* 27* 32 48 .0243
Recurrence within 6 months, n (% of 3 (15.8) 3 (15.0) 0 (.0) 0 (.0) .5708
non-operative)
Any complication within 30 days 5 (5.6) 5(11.4) 3 (12.0) 3 (21.4) .3850

hr = Hours; + P = .0190, P = .0075, * P = .0378.

Hispanic, and other historically marginalized populations
were disproportionately affected by COVID-19.%-* Our
results provide some evidence that this disparity extended
beyond increased rates and severity of COVID infections.
The differences in referral patterns to our emergency
departments between Black or Hispanic and White pa-
tients may suggest differences in access to care, especially
during pandemic conditions. Nonetheless, it highlights the
role of the public institution as the primary source of care
for many of these patients. Though we did not detect
a significant difference between rates of complicated AA
between these populations, longer hospital lengths of stay
and increased referrals for IR drainage may suggest more
severe disease in the Black or Hispanic populations.
Further multi-institutional research is warranted to assess
the widespread effects of COVID-19 on these and other
minority groups, and the reasons for these differences.
There are several limitations of our study. We used
billing records of general surgery consults and ICD-10
codes to identify patients within each cohort. It is possible
some patients presenting with AA were not identified by
these methods. Though the surgeons that comprise the
faculty of the two represented hospitals are all faculty at

the same institution, there was no universal management
guideline for uncomplicated appendicitis, nor compli-
cated appendicitis. Therefore, there may have been un-
detected differences in the severity of disease or
presentation for those who were managed surgically.
Additionally, we also chose to record complications
within 30 days of the patients’ presentations. This may
have excluded late occurring complications. Complica-
tion rates may also be underestimated during the pan-
demic period if patients are delaying or not seeking care
due to the pandemic.

In conclusion, this study demonstrated a decrease in
the incidence of acute appendicitis after the institution of
the “New York State on PAUSE” executive order. Sig-
nificant delays in presentation and increases in compli-
cated disease represent both threats to patient health, as
well as challenges that health systems must overcome in
this and future infectious disease outbreaks. Additional
research on the long-term effects of changes in man-
agement during the pandemic is needed. Further studies of
the effects of the COVID-19 pandemic on the presentation
of other urgent and emergent surgical conditions are also
warranted.
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