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Abstract

Purpose The COVID-19 pandemic has transformed medical care worldwide. General surgery has been affected in elective
procedures, yet the implications for emergency surgery are unclear. The current study analyzes the effect of the COVID-19
lockdown in spring 2020 on appendicitis treatment in Germany.

Methods Hospitals that provided emergency surgical care during the COVID-19 lockdown were invited to participate. All
patients diagnosed with appendicitis during the lockdown period (10 weeks) and, as a comparison group, patients from the same
period in 2019 were analyzed. Clinical and laboratory parameters, intraoperative and pathological findings, and postoperative
outcomes were analyzed.

Results A total of 1915 appendectomies from 41 surgical departments in Germany were included. Compared to 2019 the number
of appendectomies decreased by 13.5% (1.027 to 888, p=0.003) during the first 2020 COVID-19 lockdown. The delay between
the onset of symptoms and medical consultation was substantially longer in the COVID-19 risk group and for the elderly. The
rate of complicated appendicitis increased (58.2 to 64.4%), while the absolute number of complicated appendicitis decreased
from 597 to 569, (p=0.012). The rate of negative appendectomies decreased significantly (6.7 to 4.6%; p=0.012). Overall
postoperative morbidity and mortality, however, did not change.

Conclusion The COVID-19 lockdown had significant effects on abdominal emergency surgery in Germany. These seem to result
from a stricter selection and a longer waiting time between the onset of symptoms and medical consultation for risk patients.
However, the standard of emergency surgical care in Germany was maintained.
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Introduction

The corona virus disease 2019 (COVID-19) pandemic has led
to substantial changes in medical care worldwide [1-4].
International reports have shown an effect on emergency sur-
gery [5, 6]. Recently, Slagman et al. reported a reduction in
medical emergencies by 13% when contact restrictions were
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in place [7].

Regardless of the pandemic, surgeons have to deal with
surgical emergencies requiring time-critical surgical measures
and emergency surgery in order to avoid substantial prognos-
tic disadvantages [5, 8]. Appendicitis represents the most
common emergency diagnosis in abdominal surgery and can
be used to examine the effects of the COVID-19 pandemic on
general emergency surgery [9—12]. Initial reports, editorials,
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and smaller, mostly single-center studies have shown a de-
creasing number of clinically treated appendicitis cases [4,
13, 14] and an increase in disease severity [5, 15—18]. There
has been no sufficient explanation for this phenomenon, since
the incidence and severity of acute appendicitis do not appear
to be related to the current pandemic or to the imposition of
social restrictions.

The pandemic has posed additional challenges to emergen-
cy surgical care, which has responded in different ways.
Conservative therapy options for appendicitis have become
established in therapeutic algorithms [19, 20]. Concerns about
a possible risk of infection through aerosol formation during
laparoscopy have brought open appendectomy back into fo-
cus [20-22]

The aim of this multicenter study is to analyze the different
effects of the COVID-19 lockdown on a larger population
with appendicitis in a multicenter setting.

Methods

Hospitals with continuous surgical emergency care during the
COVID-19 lockdown were asked for participation. Hospitals
with temporary restrictions on emergency care or with emer-
gency coverage by external hospitals were excluded. Forty-
one surgical departments participated and delivered their data
by August 20, 2020. Details concerning the care level and
numbers of cases of participating hospitals are provided in
Table 1.

Study design

The study was planned as a multicenter retrospective cohort
study assessing appendicitis during the COVID-19 lockdown
and a control group from the previous year. A 10-week interval
starting between February and March 2020 with the regional
lockdown, when restrictions on elective surgery and social dis-
tancing began, was compared with the same period in 2019.
The term “lockdown” stands for all social, medical, and
organizational measures initiated by policymakers and the re-
sponsible decision-makers during this period. These measures

Table 1 Level of hospital care and number of patients

Level No. (%) p value
Hospitals Patients 2019  Patients 2020

University hospital 13 (31.7) 327 (31.8) 281 (31.6) 0.52

Tertiary 6(14.6) 170 (16.6) 157 (17.7)

Secondary 16 (39) 423 (41.2) 343 (38.6)

Primary 6(14.6) 107 (10.4) 107 (12.0)

@ Springer

include contact restrictions and social distancing as well as
restrictions on access to hospitals and the cancelation and
postponement of elective surgery.

The study protocol was confirmed by the ethics committee of
the administrative study centers of Wiirzburg (Ethikkommission
der Universitdt Wiirzburg, No. 20200702 01) and Koblenz
(Landesérztekammer Rheinland-Pfalz No.: 2020-15159).
Several participating centers also obtained confirmation from
their locally responsible review boards according to local
obligations.

Inclusion and exclusion criteria

Patients with the diagnosis “K35” (acute appendicitis) accord-
ing to the German Modification of the International Statistical
Classification of Diseases (ICD-10-GM) who were treated
surgically were included. Exclusion criteria were chronic ap-
pendicitis or other diseases of the appendix (ICD-10 codes
K36-K38) and simultaneous appendectomy during abdomi-
nal operations because of other diseases.

Collection of data

The CAMIN (Surgical Working Group for Military and
Emergency Surgery) Study Group of the German Society for
General and Visceral Surgery (DGAV) prepared an anonymized
database (Excel 2016, Microsoft, USA) containing various peri-
operative variables without allowing patient identification. The
following variables were recorded as follows: age, gender, co-
morbidity (including the American Association of
Anesthesiologists ASA score [23] and the Charlson comorbidity
index [24]), symptoms of appendicitis (including the duration of
symptoms prior to medical consultation, clinical signs, biochem-
ical inflammation parameters, modified Alvarado score (MASS)
[25]), intraoperative findings (including peritonitis, perforation,
abscess and the Mannheimer Peritonitis Index [26]), a histopath-
ological evaluation of appendicitis, and postoperative outcome
(including length of stay (LOS), intensive-care-unit (ICU) utili-
zation, and postoperative complications graded according to
Clavien-Dindo [27]).

Data were collected from hospital information systems,
internally validated, and transferred to a database. They were
imported to IBM SPSS Statistics, Version 26, for statistical
analysis. All variables were checked in detail for plausibility.
Plausible entry errors were corrected; implausible data values
were deleted.

Diagnosis and patient management

Patients with suspected appendicitis were given a standard
clinical examination, a laboratory examination, which includ-
ed at least a blood count and a CRP test, and an ultrasound
examination of the abdomen. In 21.1% of the cases, an
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abdominal CT was performed and in 0,8% an abdominal
MRI. At the first presentation, all patients were screened for
COVID-19 infection using checklists developed in house. If
the screening was positive, a smear was taken and a PCR test
was conducted. If the result of the PCR test was positive at the
time of the operation or was not yet available, surgeons and
team members wore enhanced personal protective equipment
(PPE), including an FFP2/FFP3 mask, protective goggles, and
double gloves. Confirmed COVID-19 cases and suspected
cases were isolated postoperatively. If the suspected cases
tested negative, they were transferred to a normal surgical
ward. Computed tomography imaging was performed on pa-
tients with possible COVID-19 symptoms.

Statistical analysis

All cases were categorized into three grades according to in-
traoperative and histopathological findings [11]:

—  Negative appendectomy: no histological inflammation

—  Uncomplicated appendicitis: histological phlegmonous
appendicitis without perforation, abscess, or peritonitis

—  Complicated appendicitis: histological gangrenous appendi-
citis, or periappendicitis, peritonitis, perforation, or abscess

To investigate the effect of the special contact restrictions
on different population groups, we conducted subgroup anal-
yses. The COVID-19 risk group was defined by the presence
of defined risk factors such as age > 70 years, diabetes, im-
munosuppression, obstructive pulmonary disease, or a
Charlson comorbidity score of > 3 (moderate comorbidity)
[28, 29], descriptive data are provided as mean values with
standard deviation unless otherwise noted. Statistical tests
were applied according to the data distribution using the
Wilcoxon rank-sum test for matched samples, the Mann-
Whitney U test for independent samples, and the chi-
squared test for categorical variables. p values < 0.05 were
regarded as statistically significant.

Results
Incidence of appendicitis

The starting day of the 10-week study period varied between
February 25 and March 27, depending upon local COVID-19
restrictions. The overall number of patients decreased from
1027 in 2019 to 888 (—13.5%, p = 0.003) during the
COVID-19 lockdown. The distribution of patients between
hospitals and the level of care was unchanged (Table 1).
Detailed baseline patient characteristics are summarized in
Table 2. No differences in baseline characteristics were found
during the COVID-19 lockdown.

Clinical presentation

The duration of symptoms before medical presentation was 24 h
in median, both in 2019 and 2020 (Table 3). In addition, the
proportion of patients with late presentation (> 48 h) did not
differ (29.9% vs. 32.1%, p = 0.30). However, the subgroup of
COVID-19 risk patients presented significantly later after the
onset of symptoms during the lockdown (Fig. 1a). The percent-
age of late presentation was significantly higher (28.3% vs.
46.4%, p = 0.004). Similar results were observed for elderly
patients (Fig. 1b). The lockdown had no effect on the time be-
tween the onset of symptoms and presentation in hospital in other
subgroups.

The likelihood of appendicitis as determined by MASS
was significantly higher during the lockdown. The leukocyte
count was also higher. When it came to the question of when
the indication for surgery was decided, there was a trend to-
ward prompt indication on admission as opposed to in-patient
observation (Table 3).

Six percent (53/888) of the patients were suspected of hav-
ing COVID-19 at the time of the operation and 0.3% (3/888)
eventually tested positive for SARS-CoV-2. Of these, one was
asymptomatic, and two had mild symptoms.

Table 2  Patient characteristics

Variable No. (%) p value
Year 2019 2020
n= 1027 888 0.003
Sex; m:f 510:517 468 : 420 0.18
Age, y, mean + SD 35+19 36 +£20 0.24
Children, < 18 years 174 (16.9) 151 (17.0) 0.97
Elderly, > 75 years 41 (4.0) 43 (4.8) 0.37
Obesity, BMI > 30 kg/m? 138 (15.3) 132 (17.0) 0.36
Comorbidity' 0.95
None, CCI 0 831 (84.0) 710 (83.7)

Minor, CCI 1-2 104 (10.5) 93 (11.0)

Moderate, CCI 34 31(3.1) 28 (3.3)

Major, CCI1 > 5 23(2.3) 17 (2.0)

ASA score 041
1 545 (54.2) 447 (51.9)

2 375 (37.3) 328 (38.1)

3 75 (7.5) 80 (9.3)

4 10 (1.0) 6 (0.7)

COVID-19 risk group’ 120 (11.7) 112 (12.6) 0.54

mean + SD, mean + standard deviation; ASA, American Association of
Anesthesiologists Score; CCI, Charlson comorbidity index; 1according
to the Charlson comorbidity index; * the COVID-19 risk group was de-
fined as age > 70 years, or risk factors such as diabetes, immunosuppres-
sion, obstructive pulmonary disease, or CCI >3
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Table 3 Preoperative assessment

and indication for surgery Variable No. (%) p value

Year 2019 2020

Duration of complaints, h, mean + SD (median) 37.5+458 (24) 40.1 £559 (24) 0.24
>48h 307 (29.9) 285 (32.1) 0.30
Pain, VAS, mean = SD 55+19 53+1.8 0.13
Modified Alvarado score 0.028
1-3 (unlikely) 242 (26.9) 184 (22.7)

4-6 (compatible) 437 (48.5) 386 (47.7)

7-8 (probable) 189 (20.0) 181 (22.3)

9 (very probable) 42 (4.7) 59 (7.3)

Leukocytes, /nl, mean + SD 129+4.6 13.6+54 0.004
CRP, mg/l, mean + SD 60.5+87.6 60.7 = 80.6 0.058
Indication for surgery

After inpatient observation 220 (21.4) 159 (17.9) 0.056
Immediately on admission 806 (78.6) 727 (82.1)

mean + SD, mean + standard deviation; VAS, visual analog pain scale; CRP, C-reactive protein

Severity of appendicitis
Table 4 presents the intraoperative and histopathological find-

ings in detail. While the relative overall incidence of negative
appendectomies decreased to 4.6%, the rate of complicated
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appendicitis rose to 64.4% (p=0.012) during the lockdown.
However, the likelihood of perforation or peritonitis did not
increase significantly in this period and the absolute number
of complicated appendicitis even decreased from 597 to 569.

General factors affecting disease severity were analyzed
during the control interval in 2019. Negative appendectomies
were more common in female patients (8.9% vs. 4.5%,
p=0.001) and children (9.2% vs. 6.2%, p=0.026).
Complicated appendicitis occurred more often in patients in
the COVID-19 risk group (80.8% vs. 55.2%, p<0.001) with
the highest incidence in elderly patients (87.8% vs. 57.0%,
p=0.002).

In the subgroups analyzed, different trends were detected
during the lockdown in 2020. The rate of negative appendec-
tomy decreased in females from 8.9% to 5.5% (p=0.013) and
in children from 9.2 to 2.6% (p=0.009). The percentage of
complicated appendicitis remained similarly high in patients
in the COVID-19 risk group (80.8% and 81.8%; p=0.68) and
elderly patients (87.8% and 88.4%; p=0.60). The relative
overall increase in complicated appendicitis can thus be attrib-
uted to the non-COVID-19 risk group (55.2% to 61.9%,
p=0.003).

Table 4  Severity of appendicitis

Variable No. (%) p value
Year 2019 2020

Negative appendectomy 69 (6.7) 41 (4.6) 0.012
Uncomplicated appendicitis] 359 (35.0) 274 (31.0)
Complicated appendicitis2 597 (58.2) 569 (64.4)

! Phlegmonous appendicitis without perforation, abscess, or peritonitis;
2 gangrenous appendicitis or periappendicitis, peritonitis, perforation, or
abscess
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Postoperative outcome

No overall differences in postoperative outcome, including the
risk of complications, mortality, or LOS, were observed during
the lockdown (Table 5). Long waits before presentation (> 48 h)
were associated with an increased risk of severe postoperative
complications in both years (2019: 7.2% vs. 2.8%, p<0.001;
2020: 7.4% vs. 1.8%, p<0.001). Patients belonging to the
COVID-19 risk group showed an overall increased risk of major
postoperative complications (12.5% vs. 2.7%; p<0.001) and a
need for ICU therapy (17.9% vs. 2.3%; p<0.001) in comparison
to non-risk-group patients as we suspected. Nevertheless, no in-
creases in morbidity in general or in mortality did occur during
the lockdown period in this group.

No differences were observed within the analyzed time
frames of Clavien-Dindo classification subgroups. Grade Illa
complications were intraabdominal collections requiring per-
cutaneous drainage in 8 of 9 patients, a single case of gastro-
intestinal bleeding and endoscopy occurred in 2020.
Reoperations (grade I1Ib) were performed for anastomotic/
suture leakage (6 patients), persisting peritonitis/ abcess for-
mation (18 patients), postoperative bleeding (4 patients), fas-
cial dehiscence (5 patients), urinary leakage (1 patient), and
obstructive ileus (5 patients).

Neither an operation on a suspected COVID-19 case nor
positive evidence of SARS-CoV-2 infection had a significant
effect on prognosis.

Discussion

Besides representing a significant medical and political chal-
lenge, the COVID-19 pandemic is also an opportunity to gain
new insights into the course of diseases and treatment options.
Especially in emergency surgery, adequate care needs to be
delivered despite of the pandemic situation.

Our representative analysis of appendicitis in Germany clearly
indicates that the COVID-19 pandemic has affected emergency
surgical care. Overall, fewer appendectomies were performed.
Histopathological findings, perforations, abscesses, higher stages
of inflammation, clinical signs with higher modified Alvarado
scores, and leukocytosis indicate a higher rate of more severe
disease courses in relation to the whole included patient popula-
tion. While the rate of complicated appendicitis increased, the
absolute number of complicated appendicitis decreased in the
whole cohort. The qualitative and quantitative changes were ini-
tially due to two circumstances: there were fewer negative ap-
pendectomies, and the relative proportion of complicated appen-
dectomies has increased.

In theory, there may be two explanations for these changes.
Firstly, it can be hypothesized that patients’ fear of an in-
hospital COVID-19 infection leads to a different selection
because they hesitate to contact a surgeon. During this delay,
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Table 5 Postoperative outcome
Variable No. (%) p value
Year 2019 2020
Postoperative complications' 0.46
None 891 (86.8) 759 (85.7)
Grade I-11 94 (9.2) 95 (10.7)
Grade 11I-V 42 (4.1) 32 (3.6)
In-hospital mortality 2(0.2) 1(0.1) 0.99
LOS, d, mean = SD 45+4.1 4.6+4.0 0.85
ICU stay n 3939 39 (4.5) 0.53

LOS, length-of-stay; mean + SD, mean + standard deviation; /CU, inten-
sive-care-unit

! According to Clavien-Dindo

the inflammation progresses or a self-limiting course may oc-
cur. The different selection is supported by the significant
decrease in negative appendectomies on the one hand and
the longer time to presentation in the group of patients defined
as a population at risk concerning the severity of the course of
a possible COVID-19 infection on the other hand [28, 29].
Secondly, the scarcity of resources and prioritization could
have led to changed in-hospital processes.

According to their analysis of data from 36 emergency
rooms, Slagman et al. also noticed a significant decrease in
medical emergencies in all disciplines since the introduction
of contact restrictions during the COVID-19 pandemic [7]. As
in the current analyses, a decrease of 13% was obtained.

The decrease in the total number of appendicitis cases is
greater than the increase in complicated appendicitis cases.
This may be explained by the reduction in the number of
negative appendectomies and uncomplicated courses.

When it comes to reducing collateral damage and prognos-
tic disadvantages caused by the pandemic, a key role is played
by dedicated patient education and by ensuring the least pos-
sible changes to emergency surgical care [30]. It is undoubt-
edly essential to emphasize that, in the changed clinical care
situation as a result of the pandemic measures, it is crucial to
identify patients requiring an emergency operation without
delay despite changed circumstances [5].

The present evaluation shows that, at the time of the na-
tional COVID-19 lockdown, almost 80% of the patients in
both groups were operated on immediately and about 20%
after initial clinical observation. The higher disease severity
and the more pronounced symptoms explain why more pa-
tients were operated on directly in 2020. Despite progressive
inflammation and increased appendicitis complications in
2020, there were no significant differences in clinical out-
comes. Overall, the standard of emergency surgical care in
Germany was maintained despite pandemic-related
restrictions.

@ Springer
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However, the usually low rate of very complicated cases of
appendicitis does not allow an uncritical extrapolation of the
current results to other surgical emergencies. A comparison with
the international literature shows some parallels regarding a re-
duction in appendectomies [13, 14], a later presentation, and an
increased inflammatory reaction [5, 1518, 20, 31]. The interna-
tional survey of Ielpo et al. of more than 700 surgeons worldwide
reported a decrease of appendicitis and an increase of complicat-
ed cases based on a questionnaire [20].

In contrast to the current analysis, where patient outcome was
unaffected despite the increased severity, Cano-Valderrama et al.
found a decrease in emergency surgery activity but an increase in
mortality and thus a worse outcome [32].

The obtained data further allow interpretations about the dis-
ease of acute appendicitis, which is not yet understood in detail
[9, 11]. The reduction in the total number of appendectomies
may be due to fewer negative and uncomplicated appendecto-
mies as a result of two potential factors: a restricted presentation
of patients with mild symptoms or a more restricted selection of
the presenting patients who undergo in-house observation or
exploration.

Based on this study and on the findings of other studies,
there are three possible courses: a self-limiting, a conservative
treatable, and a progressive course. The latter can only be
safely managed by an emergency operation.

The antibiotic treatment of uncomplicated appendicitis has
moved more into focus due to the pandemic [19, 33]. In our
opinion, there are two objections to a general recommendation
in this regard. First, the diagnosis of uncomplicated appendi-
citis often requires computed tomography, which is accompa-
nied by radiation exposure. Second, there is often a recurrence
of inflammation with a possibly complicated course [34].

It is currently impossible to predict patient courses or to ex-
actly define the influencing factors [11]. A meta-analysis by
Harnoss et al. from 2017 concluded that even if antibiotics pre-
vent some patients from undergoing appendectomy at the initial
presentation, surgery represents the definitive treatment of choice
[35].

The long-term impact of antibiotic treatment for appendi-
citis is unclear due to the high recurrence rate and the possi-
bility of complicated courses. The findings of the present
study suggest that the best emergency surgery care was main-
tained without changing the general treatment algorithm for
appendicitis and without risking free intensive care beds for
COVID patients. The decrease in appendicitis cases in 2020 in
our study was accompanied by a decrease in the rate of neg-
ative appendectomies. These cases may have been self-
limiting or successfully treated with antibiotics and may not
have been included in the current analysis.

However, conservative antibiotic treatment may be carried
out on a case-by-case basis for patients in poor general health
who are unfit for surgery [20]. The prerequisite would be
appropriate imaging to rule out a perforation or abscess.

@ Springer

This could also be an alternative of choice in order to reduce
intra-hospital overload in times of health crises and limited
resources [33].

All comparisons with available international studies are fun-
damentally limited on account of several factors. Germany ex-
perienced a comparatively mild pandemic and had excellent
preexisting medical resources. Other countries faced a much
more dynamic pandemic situation with reduced medical re-
sources. The studies consider different collectives and some-
times different observation periods. Finally, the present multi-
center study was only subjected to internal and not external data
validation.

Limitations

This study is a retrospective study with all the immanent lim-
itations in which some surgical clinics in Germany (approxi-
mately 4%) took part. Also, based on the inclusion criteria, it
is limited to patients with confirmed appendicitis who had
undergone surgical treatment.

Conclusion

The COVID-19 lockdown significantly impacted abdominal
emergency surgery in Germany and led to a 13% reduction in
appendectomies. With it, the rate of complicated appendicitis
increased significantly while their absolute number deceased
and negative appendectomies decreased significantly as well.
Potential causes could be a relevant number of self-limiting
mild appendicitis cases that recovered without medical pre-
sentation and a longer waiting time between the onset of
symptoms and the medical consultation of risk patients. The
standard of emergency surgery in Germany was maintained
during the pandemic, and there were neither longer waiting
times for operations nor a diminished outcome for patients.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00423-021-02090-3.
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