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Abstract

Background: During the COVID-19 pandemic, a decrease in the number of patients presenting with acute
appendicitis was observed. It is unclear whether this caused a shift towards more complicated cases of acute
appendicitis. We compared a cohort of patients diagnosed with acute appendicitis during the 2020 COVID-19
pandemic with a 2019 control cohort.

Methods: We retrospectively included consecutive adult patients in 21 hospitals presenting with acute appendicitis
in a COVID-19 pandemic cohort (March 15 – April 30, 2020) and a control cohort (March 15 – April 30, 2019).
Primary outcome was the proportion of complicated appendicitis. Secondary outcomes included prehospital delay,
appendicitis severity, and postoperative complication rates.
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Results: The COVID-19 pandemic cohort comprised 607 patients vs. 642 patients in the control cohort. During the
COVID-19 pandemic, a higher proportion of complicated appendicitis was seen (46.9% vs. 38.5%; p = 0.003). More
patients had symptoms exceeding 24 h (61.1% vs. 56.2%, respectively, p = 0.048). After correction for prehospital
delay, presentation during the first wave of the COVID-19 pandemic was still associated with a higher rate of
complicated appendicitis. Patients presenting > 24 h after onset of symptoms during the COVID-19 pandemic were
older (median 45 vs. 37 years; p = 0.001) and had more postoperative complications (15.3% vs. 6.7%; p = 0.002).

Conclusions: Although the incidence of acute appendicitis was slightly lower during the first wave of the 2020
COVID-19 pandemic, more patients presented with a delay and with complicated appendicitis than in a
corresponding period in 2019. Spontaneous resolution of mild appendicitis may have contributed to the increased
proportion of patients with complicated appendicitis. Late presenting patients were older and experienced more
postoperative complications compared to the control cohort.

Keywords: Acute appendicitis, COVID-19 pandemic, Complicated appendicitis

Introduction
The first wave of the 2020 COVID-19 pandemic resulted
in a reduction of acute care surgeries [1]. Lockdown
measures, patients’ fear of contracting COVID-19 during
hospital visits, and reluctance to burden the overloaded
healthcare system by requesting care for non-COVID
complaints, may have led to a higher threshold for seek-
ing medical care.
For appendicitis, an increased prehospital delay dur-

ing the pandemic has been reported [2, 3]. Also, a
shift towards a higher proportion of complicated ap-
pendicitis cases has been described, both in adults
and children [2–6], as well as a decrease in the total
number of patients compared to the weeks prior to
COVID [7, 8]. Although all previous studies show the
same shift towards relatively more complicated appen-
dicitis patients, the cohorts were small and control
groups were insufficient. Patients with uncomplicated
appendicitis may have stayed at home and recovered
spontaneously [7, 8], which would support the theory
that uncomplicated and complicated appendicitis are
different diseases and not simply different grades of
severity [9–11].
A recent meta-analysis in the pre-COVID era

showed that delayed appendectomy up to 24 h in
patients with presumed uncomplicated appendicitis
does not increase the risk for developing compli-
cated appendicitis [12]. Moreover, conservative
treatment with antibiotics has been proven to be as
safe and effective as surgical treatment in patients
with uncomplicated appendicitis [13, 14]. Some un-
complicated appendicitis may indeed resolve spon-
taneously [9, 10, 15, 16].
The present study aims to compare the proportions of

uncomplicated and complicated appendicitis in adult pa-
tients presenting during the first wave of the COVID-19
pandemic with a control cohort from the corresponding
time period in 2019.

Methods
This retrospective multicenter study was conducted at
two academic and 19 non-academic hospitals in the
Netherlands. Ethical approval was waived by a central
institutional review board because of the observational
nature of the study. This decision was endorsed by the
institutional review board of each participating center.
Permission of patient participation was obtained through
an opt-out procedure, as was customary for COVID-19
related observational research.

Study population
Consecutive adult patients (≥ 18 years) presenting with a
diagnosis of acute appendicitis were included in two co-
horts. The pandemic cohort included patients presenting
between March 15 and April 30, 2020, immediately after
the start of the COVID-preventing semi-lockdown mea-
sures in the Netherlands. The pre-pandemic control co-
hort included patients presenting in the corresponding
period in 2019, between March 15 and April 30. Patients
were identified by searching the electronic patient file
databases via ICD-10 codes (appendicitis, acute abdom-
inal pain, peritonitis or intra-abdominal abscesses) and
searching emergency department (ED) patient lists and
surgery lists from that period. Patients were included if
the final diagnosis was acute appendicitis. No formal
sample size calculation was performed, but a fixed inclu-
sion period was set. Post hoc power analysis was exe-
cuted based on the proportion of patients with
complicated appendicitis.

Data collection
Patient demographics, comorbidities, clinical and im-
aging data from the ED, information about treatment
modality, operation notes, pathology results, and 30-day
clinical follow-up were collected from electronic patient
records. Times of arrival at the ED and start of treat-
ment were also retrieved, as well as imaging diagnoses. If
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patients were operated within 30 days after initially being
treated conservatively with antibiotics, 30-day postopera-
tive follow-up was collected. Participants were pseudo-
nymized to ensure patient’s privacy.

Definitions
Appendicitis severity was determined according to the
operation notes and pathology reports, or imaging re-
ports in cases of conservative treatment. In those cases
where more than one imaging modality was used, re-
ports of the imaging modality that confirmed the diag-
nosis of appendicitis were used.
Uncomplicated appendicitis was defined as an in-

flamed appendix or periappendicitis without signs of ne-
crosis or perforation as described by surgeon and
pathologist. Complicated appendicitis was defined as in-
flammation of the appendix with presence of gangrene,
evident necrosis or perforation, as described by the path-
ologist, and/or presence of perforation or abscess forma-
tion, as described by the surgeon. Conservatively treated
patients with a periappendicular abscess or widespread
infiltration on imaging, were also scored as complicated.
If the pathologist found a normal appendix, the latter
overruled the diagnosis of the surgeon. In the few cases
where no histological analysis was performed, e.g. be-
cause of full necrosis of the appendix, the diagnosis as
established during surgery was used.
Conservative treatment was defined as initial treat-

ment with antibiotics and/or percutaneous drainage of a
periappendicular abscess. In operated patients, the in-
hospital delay or time to surgery was defined as the time
between presentation at the ED and the start of the op-
eration. Postoperative complications were scored accord-
ing to the Clavien-Dindo scale [17]. Complications
scored as III or higher were defined as severe
complications.

Study outcomes
The primary outcome of this study was the difference in
appendicitis severity distribution (i.e., the proportion of
patients presenting with complicated appendicitis) be-
tween the COVID-19 pandemic cohort (2020) and the
control cohort (2019). Secondary outcomes were the dif-
ferences in baseline characteristics, pre- and in-hospital
delay, number of perforated appendicitis, type of treat-
ment, postoperative complications, complications in
general, and the daily rate of patients presenting with
acute appendicitis between both cohorts.

Statistical analysis
The cohorts were compared and stratified for appen-
dicitis severity and duration of symptoms. This dur-
ation was dichotomized by visual analysis of a chart
of the duration of symptoms at presentation, see

supplements. Confidence intervals for proportions
were calculated by the Wilson score method without
continuity correction. Univariate analyses were per-
formed using the Chi-squared or Fisher’s exact test
for categorical variables, and the Mann-Whitney U
test for continuous variables. To quantify the possible
association between presentation during the COVID-
19 pandemic and having complicated appendicitis, a
multivariable logistic regression analysis was per-
formed, adjusted for duration of symptoms longer
than 24 h. A post hoc power analysis was conducted.
All P values were based on two-sided tests and P <
0.05 was considered statistically significant. Missing
data were not imputed, but described as missing. Data
were analyzed using SPSS for Windows version 26
(IBM, Armonk, New York, USA).

Results
Between March 15 and April 30, 607 out of 616 eligible
patients with acute appendicitis were included in the
pandemic cohort (2020) and 642 of 657 eligible patients
in the control cohort (2019), see Fig. 1. Only 1.5 and
2.3% of eligible patients were excluded from the pan-
demic and control cohort, respectively. During the
COVID-19 pandemic, an absolute decrease of 5.5% (95%
C.I. 4.0–7.5%) in the numbers of patients diagnosed with
appendicitis was seen as compared to 2019; this was a
6.2% (95% C.I. 4.6–8.3%) decrease in all eligible patients
(Fig. 1). The mean daily presentation rate was constant
over time in both cohorts (Fig. 2). Demographic and
clinical characteristics of patients in both cohorts are
presented in Table 1. Comorbidities such as diabetes
and coronary artery disease were somewhat more com-
mon in the pandemic cohort. However, no significant
differences in comorbidities among cohorts were seen.
All patients underwent diagnostic imaging before treat-
ment. In 2020, more patients were diagnosed by CT
(and not ultrasound (US)) compared to 2019 (51.9% vs.
34.9%, p < 0.001) because of COVID-related restricted
use of US.

Appendicitis severity
As shown in Table 1 and Fig. 3, in the 2020 pandemic
cohort a higher proportion of patients presented with
complicated appendicitis compared to the 2019 control
cohort (46.6% vs. 38.2%, respectively, p = 0.008). The
perforation rate in the 2020 cohort was 29.5% versus
24.5% in the control cohort (p = 0.045). Focusing only
on complicated appendicitis patients, no differences in
perforation rate (63.3% vs. 64.1%, p = 0.84) or rate of
periappendiculair infiltrate/abscess formation (19.1% vs.
17.6%, p = 0.65) were found between the 2020 and 2019
cohorts (Table 2).
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Duration of symptoms
In the 2020 pandemic cohort, relatively more patients
presented at the hospital with symptoms present for
> 24 h compared to the control cohort (61.1% vs.
56.2%, p = 0.048; Table 1). In the group of patients
with complicated appendicitis, more late presentations
were seen in the pandemic group than in the 2019
control group (76.2% vs. 68.0%, p = 0.039; Table 2).
This difference was not seen in patients with uncom-
plicated appendicitis (51.5% vs. 51.4%, p = 0.98; Table
S1).

In Table 3, patients are stratified according to duration
of symptoms at presentation; ≤24 h or > 24 h. During the
COVID-19 pandemic, patients presenting after > 24 h
were older than patients presenting within 24 h after on-
set of symptoms (median 45 years (31–60) vs. 37 years
(28–52); p = 0.001). In the control group, no age differ-
ence was seen in time of presentation. Additionally, a
larger proportion of patients with an increased risk for a
more severe course of COVID-19 (age ≥ 60 years) pre-
sented after > 24 h during the COVID-19 pandemic
compared to the control 2019 cohort (72.2% vs 60.3%,

Fig. 1 Flowchart: inclusions SCOUT-4 study cohort versus 2020

Fig. 2 Daily presentations of patients with acute appendicitis
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p = 0.039; Table S3). Patients with complicated appendi-
citis and symptoms for > 24 h had a comparable perfor-
ation rate in both cohorts (64.0% vs. 66.5%, p = 0.62; see
supplementary Table S2).
In a univariate logistic regression analysis, the odds ra-

tios (ORs) for complicated appendicitis were 1.41 (95%
CI: 1.12–1.76) for patients presenting during the
COVID-19 pandemic and 2.79 (95% CI: 2.12–3.55) for
patients with symptoms for more than 24 h. In multi-
variate logistic regression including both variables, these
associations persisted, with ORs of 1.38 (95% CI: 1.10–
1.75) for presentation during the COVID-19 pandemic
and 2.75 (95% CI: 2.16–3.51) for duration of symptoms
> 24 h, respectively.

Initial treatment
During the COVID-19 pandemic, 544 (89.6%) patients
underwent surgery compared to 601 (93.6%) patients in
the 2019 control cohort (p = 0.011). Of these patients,
532 (97.8%) and 587 (97.7%) were operated laparoscopic-
ally. In respectively five (0.9%) and ten (1.7%) cases, the
procedure was converted to open appendectomy. The
median in-hospital time to surgery during the COVID-
19 pandemic was 6.5 (4.3–11.8) hours, which was
shorter than the 7.4 (4.9–13.6) hours in the 2019 control
cohort (p = 0.004). In the 2020 cohort, 63 (10.4%) pa-
tients were initially treated conservatively versus 41
(6.4%) in the 2019 control cohort (p = 0.011), see Ta-
bles 1 and S4. The majority of these patients were

diagnosed with complicated appendicitis (65.1% in 2020
and 75.6% in 2019). Within the 2020 pandemic cohort, a
higher proportion of conservatively treated patients were
diagnosed with complicated appendicitis by use of initial
CT compared to the 2019 control cohort, see Table S5.

Complications
No differences were found in number of postoperative
complications between the COVID-19 cohort and the
control cohort. However, in patients presenting during
the COVID-19 pandemic, more complications were seen
in patients presenting with symptoms for more than 24
h compared to patients who present earlier (16.2% vs.
7.0%; p = 0.001). This difference was not found within
the 2019 control cohort (Table 3). Within the 2020 co-
hort, 12 patients tested positive for COVID-19. Eleven
were confirmed by RT-PCR and one was diagnosed
based on chest CT (Table S6).

Power analysis
Post hoc power analysis was performed. The cohort sizes
of 642 and 607 patients, proportions of patients with
complicated appendicitis of 46.6 and 38.2% and an α of
0.05 resulted in a power of 85.2%, which was considered
as being sufficient.

Discussion
This large multicenter study compared adult patients
presenting with acute appendicitis during the COVID-19

Table 1 Baseline: clinical characteristics of all patients, 2019 pre-COVID cohort compared to 2020 COVID cohort

Characteristic 2019 control cohort (n = 642) 2020 COVID-19 cohort
(n = 607)

P value

Age, median (IQR), years 40 (28–57) 42 (29–58) 0.183

Female sex, no./total no. (%) 322/642 (50.2) 318/607 (52.4) 0.430

ASA > 1, no./total no. (%) 263/595 (44.2) 254/524 (48.5) 0.153

COPD, no./total no. (%) 13/630 (2.1) 11/599 (1.8) 0.774

Diabetes Mellitus, no./total no. (%) 24/631 (3.8) 34/596 (5.7) 0.117

Heart failure, no./total no. (%) 11/631 (1.7) 11/597 (1.8) 0.896

Coronary artery disease, no./total no. (%) 17/631 (2.7) 28/598 (4.7) 0.064

Active smoker, no./total no. (%) 61/293 (20.8) 63/275 (22.9) 0.547

Duration of symptoms > 24 h, no./total no. (%) 358/637 (56.2) 371/601 (61.1) 0.048

Severity of appendicitis, no./total no. (%) 0.008

Uncomplicated 391/642 (60.9) 321/607 (52.9)

Gangrenous 45/642 (7.0) 50/607 (8.2)

Perforation 157/642 (24.5) 179/607 (29.5)

Infiltrate/Abscess 43/642 (6.7) 54/607 (8.9)

Normal (sana) 6/642 (0.9) 3/607 (0.5)

Conservative treatment, no./total no. (%) 41/642 (6.4) 63/607 (10.4) 0.011

Complication within 30 days, no./total no. (%) 72/642 (11.5) 76/607 (12.5) 0.475

Abbreviations: ASA American Society of Anesthesiologists, COPD Chronic Obstructive Pulmonary Disease, IQR interquartile range
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Fig. 3 Total number of patients, stratified by type of acute appendicitis: 2019 control cohort vs. 2020 COVID cohort

Table 2 Comparison of patients with complicated appendicitis for 2019 pre-COVID cohort vs. 2020 COVID cohort

Characteristic 2019 control cohort (n = 245) 2020 COVID-19 cohort (n = 283) P value

Age, median (IQR), years 49 (33–65) 50 (32–64) 0.946

ASA > 1, no./total no. (%) 126/225 (56.0) 131/239 (54.8) 0.797

Duration of symptoms > 24 h, no./total no. (%) 164/241 (68.0) 214/281 (76.2) 0.039

Types of complicated appendicitis, no./total no. (%)

Gangrenous 45/245 (18.4) 50/283 (17.7) 0.835

Perforation 157/245 (64.1) 179/283 (63.3) 0.843

Abscess or infiltrate 43/245 (17.6) 54/283 (19.1) 0.651

Conservative treatment, no./total no. (%) 31/245 (12.7) 41/283 (14.5) 0.540

In-hospital delay in operated patients, median (IQR), hours 7.8 (5.0–13.3) 6.7 (4.6–12.1) 0.152

Postoperative complicationa, no./total no. (%) 40/214 (18.7) 45/242 (18.6) 0.979

Severe postoperative complicationa b, no./total no. (%) 11/245 (5.1) 13/281 (5.4) 0.904

Abbreviations: ASA American Society of Anesthesiologists, IQR interquartile range
aPatients for whom surgery was the initial treatment
bSevere complications are defined as Clavien-Dindo IIIa or higher
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pandemic with patients presenting in the corresponding
period of the pre-COVID year 2019. Although only a
slight decrease of patients presenting with acute appen-
dicitis was observed during the first COVID-19 wave
compared to 2019, a higher proportion presented with
complicated appendicitis. The perforation rate among
patients with complicated appendicitis, however, was un-
affected. During the COVID-19 pandemic, more patients
presented with a prehospital delay of more than 24 h.
These patients were older and endured more postopera-
tive complications compared to patients presenting with
symptoms for less than 24 h. This association was not
found in the 2019 control cohort.
Present data suggest an association between prehospi-

tal delay and complicated appendicitis. This is in line
with previous, small studies describing higher propor-
tions of complicated appendicitis during the COVID-19
pandemic. Dreifuss et al. found complicated appendicitis
in seven (46.7%) out of 15 adult Argentinian patients
with acute appendicitis during April 2020 compared to
11 (16.9%) out of 65 patients during April 2018 and
2019 [3]. Patients in the 2020 cohort show a longer delay
in presentation than the control group (58.4 vs. 32.8 h)
[3]. These differences are confirmed by Gao et al., who
analyzed a Chinese cohort of 163 patients who presented

with appendicitis between June 2019 and April 2020 [2].
They find complicated appendicitis in 51.7% of patients
and a mean prehospital delay of 65.0 h in the epidemic
cohort (presentation after January 1st), compared to
12.4% complicated appendicitis and a mean delay of
17.3 h in the pre-epidemic cohort (both p < 0.001) [2].
Gao et al. show a significant increase in requests for
conservative treatment during the COVID-19 outbreak
[2]. Both increased prehospital delay and reduced will-
ingness to be operated may be explained by fear of con-
tracting SARS-CoV-2 in hospitals [2]. Our data showed
a longer prehospital delay during the pandemic and a
significant higher age in patients who presented more
than 24 h after onset of symptoms. Fear of a SARS-CoV-
2 infection could have caused this delay particularly in
older patients, as those patients have an intrinsic higher
risk for a more severe course of COVID-19 [18]. This
may have resulted in some form of inclusion bias, be-
cause mild cases may have resolved spontaneously by
refraining from consultation with a doctor.
Multivariable regression analysis showed an association

between complicated appendicitis and presentation during
the first wave of the COVID-19 pandemic, independent of
late presentation. This implies that another factor could
have influenced the appendicitis severity during the

Table 3 Characteristics and outcomes of patients with appendicitis, stratified for duration of symptoms, ≤24 h vs. > 24 h, in 2019
pre-COVID cohort and 2020 COVID cohort

Characteristic 2019 control cohort (n = 637)b P value 2020 COVID-19 cohort
(n = 601)b

P value

≤ 24 h
(n = 279)

> 24 h
(n = 358)

≤ 24 h
(n = 230)

> 24 h
(n = 371)

Age, median (IQR), years 40 (28–55) 41 (27–58) 0.707 37 (28–52) 45 (31–60) 0.001

Age≥ 60 years, no./total no. (%) 54/279 (19.4) 82/358 (22.9) 0.278 37/230 (16.1) 96/371 (25.9) 0.005

Female sex, no./total no. (%) 151/279 (54.1) 169/358 (47.2) 0.083 124/230 (53.9) 189/371 (50.9) 0.479

ASA > 1, no./total no. (%) 115/263 (43.7) 145/327 (44.3) 0.881 106/211 (50.2) 145/309 (46.9) 0.458

Comorbidity, no./total no. (%) 22/273 (8.1) 24/348 (6.9) 0.583 20/223 (9.0) 44/363 (12.1) 0.235

Severity of appendicitis, no./total no. (%) < 0.001a < 0.001a

Uncomplicated 201/279 (72.0) 189/358 (52.8) 163/230 (70.9) 154/371 (41.5)

Gangrenous 26/279 (9.3) 19/358 (5.3) 17/230 (7.4) 32/371 (8.6)

Perforation 44/279 (15.8) 109/358 (30.4) 41/230 (17.8) 137/371 (36.9)

Infiltration/abscess 7/279 (2.5) 36/358 (10.1) 9/230 (3.9) 45/371 (12.1)

Normal (sana) 1/279 (0.4) 5/358 (1.4) 0/230 (0) 3/371 (0.8)

Conservative treatment, no./total no. (%) 8/279 (2.9) 33/358 (9.2) 0.001 5/230 (2.2) 57/371 (15.4) < 0.001a

In-hospital delay in operated patients, median (IQR), hours 7.6 (5.0–14.7) 7.0 (4.8–11.8) 0.076 7.2 (4.4–13.2) 6.2 (4.3–10.0) 0.057

Complication within 30 days, no./total no. (%) 28/279 (10.0) 42/358 (11.7) 0.292 16/230 (7.0) 60/371 (16.2) 0.001

Postoperative complicationc, no./total no. (%) 26/271 (9.6) 41/325 (12.6) 0.245 15/225 (6.7) 48/313 (15.3) 0.002

Severe postoperative complicationc d, no./total no. (%) 4/271 (1.5) 10/325 (3.1) 0.279a 5/225 (2.2) 15/313 (4.8) 0.165a

Abbreviations: ASA American Society of Anesthesiologists, IQR interquartile range
aFischer exact test was performed
bIn 2019 5 patients and in 2020 6 patients missed data about the duration of symptoms
cPatients for whom surgery was the initial treatment
dSevere complications are defined as Clavien-Dindo IIIa or higher
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pandemic. An Israeli study showed a significant decrease
in patients admitted with uncomplicated appendicitis dur-
ing the first weeks since the onset of COVID-19, com-
pared to an antecedent period; 204 uncomplicated
appendicitis cases pre-pandemic compared to 111 during
the pandemic. The number of complicated cases and the
prehospital delay in both cohorts were comparable [7].
Neufeld et al. also describe a significant decrease of the
number of presented uncomplicated appendicitis cases
during the COVID-19 pandemic compared to the 2 years
before [8]. The number of complicated cases in their mul-
ticenter cohort, consisting of 956 adult acute appendicitis
patients, remained stable [8]. The authors of both studies
hypothesized that the successful resolution of mild appen-
dicitis at home could explain the decrease in total number
of patients [7, 8]. In our 2020 COVID-19 cohort, a similar
absolute decrease of the total number of uncomplicated
appendicitis cases was found. Since the decrease of un-
complicated cases was greater than the increase of compli-
cated cases, part of the patients with mild, uncomplicated
appendicitis may have resolved spontaneously at home.
This would be in line with epidemiological and clinical
studies underlining two different entities of appendicitis
[9–11] and the conclusion of Tankel and Neufeld et al. [7,
8]. However, the absolute decrease found in our study was
relatively small compared to other studies such that ‘nor-
mal’ annual variability of acute appendicitis as a cause for
the decrease cannot be ruled out. The difference between
present study and the Israelian study could be explained
by the lower mean age in the latter study (43 vs 23 years)
[7]. Moreover, it may be concluded that the COVID-19
pandemic and the semi-lockdown measures in the
Netherlands discouraged patients to visit an emergency
department to a lesser extent than it did the Israelian pa-
tients during complete lockdown.
Significantly more patients were treated conservatively

during the COVID-19 pandemic compared to the 2019
control cohort. However, the increase from 6.4 to 10.4%
was much lower than the increase reported by the
HAREM study group: adult patients presenting with
acute appendicitis during the COVID-19 lock-down in
the UK showed a more radical shift with 271 of 500
(54%) patients treated conservatively [19]. In this first re-
port of the HAREM cohort no differentiation between
uncomplicated and complicated appendicitis is provided
and definitive conclusions have to wait until the final re-
sults become available [19]. Within our cohorts, most
conservatively managed patients were cases of compli-
cated appendicitis, receiving antibiotics with or without
percutaneous drainage for a periappendiceal abscess,
which is common practice [20]. More patients under-
went initial CT during the pandemic, which may have
resulted in better diagnosis of complicated cases and
thereby more conservative treatment. In addition, we

observed a limited increase of conservative treatment in
uncomplicated cases (2.6 to 6.9%), which could also have
been the result of the renewed Dutch national guideline
(July 2019), stating that conservative treatment could be
considered for uncomplicated appendicitis [21]. In the
Netherlands, the national guideline was not changed to
discourage the surgical treatment of acute appendicitis
during the COVID-19 pandemic, which was done in
some other countries, e.g. the UK. Therefore, the effect
of the COVID-19 pandemic on the management of
acute appendicitis in the Netherlands was minimal. Fur-
thermore, the effect was predominantly explained by the
shift towards more cases of complicated appendicitis.
Compared to previous large observational audits of

acute appendicitis patients [22–24], a higher proportion
of patients with complicated appendicitis was seen in
both our pandemic and control cohorts. This difference
may be caused by the definition we used for complicated
appendicitis, which was based on the combined surgical
and histological diagnoses, instead of only the surgical
[22] or histological [23] diagnosis. Moreover, a low rate
of normal appendices and the inclusion of conservatively
treated patients, who were mostly diagnosed with com-
plicated appendicitis in our cohorts, may have contrib-
uted to the discrepancy.
We found a significantly shorter in-hospital delay

within the pandemic group. The median in-hospital time
to surgery during the COVID-19 pandemic was 6.5
(4.3–11.8) hours, which was significantly shorter than
the 7.4 (4.9–13.6) hours in the 2019 control cohort (p =
0.004). One could argue that the reason for this shorter
in-hospital delay is due to the fact that patients had a
more severe disease presentation as more patients in the
pandemic cohort had complicated appendicitis and sur-
geons were therefore keener to operate quickly. How-
ever, we think that this difference was mainly influenced
by logistic reasons. During the first wave of the COVID-
19 pandemic, most of elective surgery was cancelled,
resulting in more opportunities for immediate opera-
tions such as emergency appendectomies. Furthermore,
it is unlikely that this shorter in-hospital delay compared
to controls affected the number of complicated appendi-
citis cases. Complicated and uncomplicated appendicitis
are most likely two different disease entities and, as illus-
trated by a recent meta-analysis of van Dijk et al., in-
hospital delay up to 24 h does not lead to a higher rate
of complicated appendicitis [12].
The findings of this study should be interpreted in

light of some limitations. First, data were collected retro-
spectively and data were only available for patients who
actually presented at the hospital. Therefore, the propor-
tion of patients with complicated appendicitis within the
total number of patients with acute appendicitis is most
likely biased by the number of patients with a mild
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appendicitis not presenting in a hospital and who experi-
enced spontaneous resolution of symptoms at home.
Second, the semi-lockdown in the Netherlands was less
strict compared to measures taken by other countries.
This may have resulted in less impact of the COVID-19
pandemic on the presentation of patients with acute ap-
pendicitis compared to other countries such as Israel or
Spain.
Strengths of this study are the large number of in-

cluded patients and the multicenter cohort design. A
control cohort from the corresponding time period in
2019 was included and no missing data were reported
for primary outcomes. Another strength of this study is
that a high proportion of patients in this cohort was
treated surgically, resulting in confirmed diagnoses based
on combined surgical and histological reports in the vast
majority of patients. Finally, the inclusion period started
at the moment of the national semi-lockdown in the
Netherlands instead of starting after the first COVID-19
patient was diagnosed, resulting in the largest expected
effect of the COVID-19 pandemic on disease outcomes.
The first wave of COID-19 provided a unique circum-
stance for research. Further research during other
COVID-19 waves and in other health care settings is
encouraged.

Conclusion
A slight decrease of patients presenting with acute ap-
pendicitis was found during the first wave of COVID-19
compared to a corresponding period in 2019. A decrease
of uncomplicated cases was observed, while the propor-
tion of complicated cases increased. This increase can-
not only be explained by the increased prehospital delay
during the COVID-19 pandemic, nor can it merely be
explained by progression of uncomplicated to compli-
cated appendicitis over time. More likely, part of the pa-
tients with mild, uncomplicated appendicitis may have
resolved spontaneously at home, which is in line with
the theory that uncomplicated and complicated appendi-
citis are different diseases and not simply different
grades of severity.
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