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Abstract
Purpose Acute appendicitis is one of the most common reasons for emergency medical consultation. While simple appendicitis
can be treated with antibiotics or surgery, complex appendicitis including gangrene, abscess, and perforation requires appendec-
tomy. During the COVID-19 pandemic in early 2020, an overall drop in emergency room consultations was observed. We
therefore aimed to investigate the incidence and treatment strategies of acute appendicitis during that period.
Methods Data of insurance holders with the ICD code for “acute appendicitis” or OPS procedure of appendectomy of a major
health insurance company in Germany were analyzed retrospectively. Groups were built, containing of the means ofMarch–June
of 2017, 2018, and 2019, defined as “pre-COVID group”with the “COVID group,” defined as data fromMarch to June of 2020.
Data was analyzed by age, sex, comorbidities, length of hospital stay, diagnoses, and treatment. Data of the COVID group was
analyzed for simultaneous COVID-19 infection.
Results During the COVID-19 pandemic of early 2020, an overall reduction by 12.9% of patients presenting with acute
appendicitis was noticeable. These results were mainly due to decreased rates of uncomplicated appendicitis, while complicated
appendicitis was scarcely affected. Especially in the group of females < 40 years, a drastic reduction was visible. Rates of
extended surgery did not change. Likewise, the complication rate like appendix stump leakage or need for re-operation did
not differ. In March 2020, 4.8% of acute appendicitis patients had concomitant COVID-19 infection.
Conclusion In line with the overall drop of emergency room visits during the COVID-19 pandemic of spring 2020 in Germany, a
significantly lowered number of patients with uncomplicated appendicitis were noticeable, whereas complicated appendicitis did
not differ. Also, treatment and complication rate of acute appendicitis did not change. These findings might be a hint that acute
appendicitis is not a progressing disease but caused by different entities for uncomplicated and complicated appendicitis and
therefore another clue that uncomplicated appendicitis can be treated with antibiotics or observation. Nevertheless provided data
does not cover outpatient treatment; therefore, no statement observation or antibiotics in outpatients can be made.
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appendicitis

Introduction

Acute appendicitis (AA) is one of the most common causes of
acute abdominal pain in emergency units worldwide [1].
Lifetime risk to develop appendicitis is reported to be approx-
imately 8% [1–3].

Causes of AA like luminal obstruction, genetic predisposi-
tion, or environmental factors are widely discussed [2, 4, 5].
Typical symptoms in patients with AA are pain in the right
lower quadrant or central abdominal pain with migration to
the right iliac fossa as well as fever, nausea, vomiting, or
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constipation [1, 2, 6]. Imaging techniques, mainly ultrasound,
computed tomography, or magnetic resonance imaging, are
often used to ensure the diagnosis [1, 2, 7].

Appendicitis can be divided into phlegmonous, gangre-
nous, and perforation leading to peritonitis or abscess [2].

For many years, appendicitis was thought to be a
progressing disease, but recent data suggest there might be
two different entities: first, simple appendicitis (i.e.,
phlegmonous) which is unlikely to progress to perforation
and might be treated with antibiotic therapy or appendectomy
and second, complex appendicitis which seems to progress
rapidly and therefore is more likely to lead to perforation or
abscess. Thus, it should be treated with appendectomy which
can be performed traditionally with a small incision in the
right lower quadrant or laparoscopically [2]. In some cases,
abscess can be treated with percutaneous CT- or ultrasound-
guided drainage [8].

In December 2019, rising pneumonia cases of unknown
origin were reported in Wuhan, Hubei province, China.
Shortly after, the novel RNA betacoronavirus (severe acute
respiratory syndrome coronavirus 2/SARS-CoV-2) was iden-
tified to be the cause of these infections, commonly named
COVID-19 [9]. First, COVID-19 began to spread throughout
China before it became a worldwide infectious disease in early
2020, marking the begin of a pandemic [10, 11].

In Germany, infections started rising in March 2020,
reaching 162,333 cases on April 30, 2020 [12]. The German
government scheduled a nationwide “lockdown” in mid-
March to slow down infections. Kindergarten, schools, and
shops other than supermarkets, pharmacies, or drugstores
were closed. Meeting friends or family outside the own house-
hold, commonly named social distancing, was prohibited.
Restrictions were loosened in May 2020, when COVID-19
infection rates started slowing down [13].

To prevent a breakdown of the national health system and
provide sufficient medical care for COVID-19 patients as well
as others, German hospitals developed strategies to care for
both groups of patients to maintain its high quality health care.
Schedulable procedures were postponed, and interventions
were prioritized to keep up with emergency conditions like
acute appendicitis [13, 14].

This study aims to investigate the characteristics and treat-
ment of patients with AA in Germany during the COVID-19
pandemic in 2020 compared to a pre-COVID-19 period.
Therefore, large-scale population-based health insurance
claims data were used.

Methods

This is a retrospective cohort study, based on anonymized
nationwide administrative data provided by “BARMER,” an
insurance company, that provides health insurance for

approximately 9 million German habitants. Thus, BARMER
covers about 10% of the German population. Diagnoses were
coded using the 10th revision of the International
Classification of Diseases (ICD-10). All performed proce-
dures were coded according to the German version of the
International Classification of Procedures in Medicine
(ICPM) called “Operationen- und Prozedurenschlüssel”
(OPS).

In-house patients with pathologies of the appendix (ICD-
10: K35*-K37*) were included. Incidences were calculated in
rates per 1 million insurance holders per month. Procedure
codes were graded hierarchically, with more extensive resec-
tions counting as main intervention (bowel resection, OPS 5-
455.0*; 4-455.2*; 4-455.3*/open or converted appendectomy,
5-470.0*; 5-470.2*/laparoscopic appendectomy, 5-471.1*).
In-house patients with ICD-10 codes for appendicitis and
missing OPS codes were listed as non-surgical treatment.

Appendicitis was divided into uncomplicated appendicitis
(UA) and complex appendicitis (CA). UA was defined as
acute appendicitis with at most localized peritonitis (ICD-10:
K35.30, K35.8, K36*, or K37*). CA was defined as acute
appendicitis with perforation, abscess, or generalized perito-
nitis (K35.2, K35.31, or K35.32).

We defined the reference period (“pre-COVID-19”) from
March to June of 2017, 2018, and 2019. Comparing the aver-
ages of 2017, 2018, and 2019, there was a variation of ± 2%;
therefore, we calculated the means of March–June 2017–
2019.

“COVID-19 period” or observation period was defined as
March–June 2020.

Patient characteristics (age, gender, comorbidities), appen-
dicitis stage, performed procedure, length of hospital stay, and
complications were summarized in descriptive statistics.

During the reference period, simultaneous COVID-19 in-
fection was analyzed using the corresponding ICD-10 that
was just added in February 2020 (ICD-10 UO7.1).

Differences between reference and observation period were
compared using univariate χ2 or Student’s t tests with a sig-
nificance level of 0.05. All calculations were performed with
the software Microsoft Excel (version 16.36) and GraphPad
Prism 8.

Results

Reference period

During the reference period (March–June 2017–2019), ap-
proximately 13,000 insurance holders developed AA (116
per 1 million insurance holders/month) and in roughly
11,500 (105 per 1 million insurance holders/month) appen-
dectomies were performed (see Table 1). There was a
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variation of ± 2% noticeable each year; we therefore did not
itemize each year on its own but counted the averages of
2017–2019.

Cases of COVID-19 increased exponentially in Germany
during the observation period, and deaths due to COVID-19
began to rise in mid-April (see Fig. 1).

The average patient age was 38 years, 56% were female,
and 26% had at least one of COVID-19 risk comorbidities
(obesity, cardiac disease, diabetes, hypertension, or chronic
renal failure) (see Table 1).

23.5% of the patients suffered from complex appendicitis
(CA), defined as acute appendicitis with perforation, abscess,
or generalized peritonitis (see Table 2).

Ninety-one percent of patients admitted with AA
underwent surgical intervention (appendectomy and/or bowel
resection). 86.7% received appendectomy and in 4.3%merely
bowel resection was coded. Ninety-three percent of appendec-
tomies were performed laparoscopically, while 7% were per-
formed open or converted to open. Of patients treated with

appendectomy, 6.1% needed additional bowel resection (see
Table 4).

Observation period

During the COVID-19 period, the number of appendicitis
cases dropped by 12.9% to 101/1 million insurance holders
per month (p = 0.009) (see Fig. 2 and Table 1). Patients were
on average 1 year older, whereas the female to male ratio did
not change significantly. Percentage of insurance holders with
at least one COVID-19 risk factor increased significantly
(26% ± 1.7 vs. 28.8% ± 1.0%; p = 0.0082). For a detailed de-
scription of comorbidities, see Table 1.

UA dropped by 16% during observation period (89 ± 7.5 to
75 ± 6.8 per 1 million insurance holders/month; p = 0.0053).
In contrast, CA did not change significantly (27 ± 2.0 vs. 26 ±
2.7; n.s.) as shown in Table 2.

In line with the reduced numbers of UA, the rate of lapa-
roscopic appendectomies (94 ± 7 vs 82 ± 7, p = 0.01) and open
or converted appendectomies decreased significantly (7.1 ±
1.3 vs 5.4 ± 0.7; p = 0.027) (see Table 4). The rate of non-
surgical treated appendicitis decreased by 16% (p = 0.06).

Numbers of appendicitis patients needing additional bowel
resection as a surrogate parameter for a complicated appendi-
citis did not change (6.4 ± 0.5 vs. 6.4 ± 1.2; n.s.) (see Table 4).

The most significant drop was seen in females < 40 years
with an overall decrease of 21.8%; UA was reduced by 23.7%
whereas CA dropped by 5.3%. In comparison to this, in the
age group > 40 years, an overall reduction of only 8.4% was
seen (UA − 9.2%, CA − 7%). Interestingly, in the male popu-
lation < 40 years, a reduction by 5.5% was noticeable (UA −
8.7%, CA 10.6%). In the male age group > 40 years, an over-
all drop by 9.9% was visible.

Table 1 Patients characteristics
during reference and observation
period

Reference period Observation period p value

Appendicitis per 1 million insurance holders/month 116±8.5 101±8.9 0.0091

Female (%) 56.0% 53,6% n.s.

Appendectomies per 1 million insurance holders/month 106±8.0 92±7.0 0.0077

Age <40 60.4% 58.6% n.s.
Age 40–60 23.3 23.7

Age 60–80 13.6 14.8

>80 2.6 2.8

Average age (in years) 38.59±0.9 39.91±0.4 <0.0001

At least one comorbidity (%) 26.0%±1.7 28.8%±1.0 0.0082

Obesity (%) 5.7%±0.8 6.3%±0.5 n.s.

Cardiac disease (%) 8.6%±1.1 9.6%±1.3 n.s.

Diabetes (%) 3.9%±1.3 4.5%±0.9 n.s.

Hypertension (%) 17.9%±1.3 20.1%±1.0 0.0083

Chronic kidney disease (%) 8.7% ± 1.2 9.7% ± 0.5 n.s.
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Fig. 1 Cumulated COVID-19 cases and deaths due to COVID-19 from
March to June 2020 in Germany
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The mean length of a hospital stay decreased from 4 to
3 days. Rates of patients who were re-admitted within 30 days
dropped significantly from 6.8 ± 0.81 to 5.8% ± 0.61. Overall
occurrence of postoperative complication was low. There was
no difference between reference and observation period re-
garding anastomosis or appendix stump leakage, the need
for re-operation, or septic episodes (see Table 5).

One hundred four patients who were treated for AA were
simultaneously diagnosed with COVID-19. The highest rate
was seen in April 2020, where 4.8% of AA patients were
tested positive for COVID-19. Of patients with concomitant
COVID-19 infection, 39.4% suffered from complex appendi-
citis, whereas during reference period only 23.5% had CA.
There was no difference in the treatment of non-COVID and
COVID-infected AA patients. Approximately 91.4% of both
groups received surgery. Our data does not provide informa-
tion about symptoms or severity of the COVID-19 infection
(see Tables 3, 4, 5).

Discussion

This is the largest population-based analysis of appendi-
citis treatment during the COVID-19 pandemic of spring
2020 in Germany so far. Data from more than 16,000
patients treated for appendicitis divided into pre-COVID-
19 and COVID-19 groups were included and analyzed.
Prevalence of appendicitis in our population matches the
nationwide appendectomy prevalence [15]; therefore, it
seems likely that BARMER health insurance covers a
representative sample of the German population.

When COVID-19 hit Germany in early 2020, a signif-
icant reduction in emergency department visits was no-
ticeable, concerning medical but also surgical patients.
Reasons for this shift are widely discussed and some
might be less trauma patients due to the “stay at home”
advice and therefore reduced traffic volume or fear of
getting infected with COVID-19 in medical facilities and
therefore only seeking medical health for severe condi-
tions [16]. In this analysis, we can confirm the above-
mentioned trend regarding patients with acute appendici-
tis, with a significant reduction of overall appendicitis
cases visible from March to June 2020, compared to
March–June of 2017–2019. The complication rate after
appendicitis is generally described at 2.1% in a 2019 pub-
lished nationwide analysis [17] and did not rise during
COVID-19.

The decrease in UA patients during COVID-19 might
support the theory of two different entities for AA and can
be a hint to disconfirm the hypothesis of a progressive
disease. According to this theory, UA can be treated
symptomatically, with antibiotics or by performing appen-
dectomy [2]. Our findings might be evidence that patients
with mild symptoms of AA were successfully treated as
outpatients or even did not seek medical help at all.
However, the given data does not provide information
about outpatient treatment. On the other hand, patients
with severe symptoms caused by acute appendicitis did
not hesitate to seek medical treatment during observation
period in spring 2020.

It is an ongoing debate whether patients with UA are in
need of surgical intervention or if antibiotic therapy or
even “watch-and-wait” is a safe treatment option. To date,
several systematic literature reviews and randomized con-
trolled trials were performed [3, 18–21]. Harnoss et al.
stated that appendectomy is a one-time only treatment
with a low-risk profile [19] whereas the recently

Table 2 Classification of
appendicitis during reference and
observation period

Reference
period

Observation
period

p value

Uncomplicated appendicitis per 1 million insurance holders 89±7.5 75±6.8 0.0053

Complicated appendicitis per 1 million insurance holders 27±2.0 26±2.7 n.s.

Fig. 2 Types of appendicitis during reference and observation period

Table 3 Differentiation of appendicitis and therapeutic regime in
COVID and non-COVID patients

Non-COVID COVID infected

Complicated appendicitis 885 (95.57%) 41 (4.43%)

Uncomplicated appendicitis 2624 (97.66%) 63 (2.34%)

Surgical therapy 3207 (91.39%) 95 (91.35%)

Conservative therapy 302 (8.61%) 9 (8.65%)
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published “CODA collaborative” claimed antibiotics are
non-inferior to appendectomy [18]. Appendectomy seems
to be the definite therapeutic option with no chance of
recurrence. On the other hand, is it more invasive than
antibiotic therapy [19]. Hospital stay tends to be longer
in the antibiotic therapy group, and approximately 30% of
patients treated with antibiotics were in need of appendec-
tomy within 1 year [3, 18, 19]. Another important aspect
to consider are appendiceal malignancies that are coinci-
dentally found in 0.7–2.5% of histopathological evalua-
tion of appendectomy specimens [22–24]. Treating pa-
tients with antibiotics can delay the diagnosis and lead
to incurable cancer stages.

In March 2020, 4.8% of patients with appendicitis had
simultaneous COVID-19 infection and showed a higher
rate of CA. Besides a number of case reports describing
patients with AA and COVID-19, detailed data is still
missing [25–27]. A recently published systematic review
of guidelines and recommendations for surgery during the
COVID-19 pandemic advised to treat appendicitis conser-
vatively if possible. Abscess should be treated with per-
cutaneous drainage, and perforated appendicitis is recom-
mended to be managed using an open approach [28]. On
the basis of insurance claims data, it is not possible to
make a statement about severity or symptoms of the
COVID-19 infection. Furthermore, we do not know
whether patients/surgeons were aware of the infection in
time of surgery.

High priority in Germany during the COVID-19 pan-
demic in early 2020 was the maintenance of medical care
for COVID patients but even so non-COVID patients and

to prevent a breakdown of the health system, as seen in
other European countries [14, 29]. By postponing non-
urgent procedures, Germany managed to get through the
pandemic, without overwhelming hospital capacities and
still offering high-quality health care for the population
[14]. Thus, no overall change in the treatment regime of
acute appendicitis was visible in Germany.

This analysis has some limitations. First of all,
BARMER insurance holders are not balanced by gender
or age to the entire German population. Furthermore, an-
alyzing data from one single insurance company might be
a selection bias.

Provided data was collected by assessing diagnoses and
procedure codes of inpatients. Thus, diagnoses were not ver-
ified by histopathological findings, and the coding of localized
versus generalized peritonitis cannot be validated by the op-
erative finding. There is no more information available about
the COVID-19 infections in this data analysis. This leads to a
great uncertainty whether patients were asymptomatic or did
have a severe infection.

Another uncertainty is the conservative treatment of pa-
tients for suggested appendicitis. Due to the missing patholog-
ical specimen and medical records, e.g., as results of CT-scan
or appendicitis scores, there is no prove for the suggested
diagnosis; therefore, patients might be included in this data
set with no appendicitis or another disease.

Furthermore, we did not include data of outpatient treat-
ment, as we performed the analysis based on procedure codes.
This leaves a great uncertainty regarding our proposition that
patients with uncomplicated appendicitis and presumably
mild symptoms were treated ambulatory.

Table 4 Appendicitis treatment
during reference and observation
period

Reference
period

Observation
period

p
value

Non-surgical management per 1 million insurance holders 10.4±1.3 8.7±2.1 n.s.

Appendectomies per 1 million insurance holders 106±8 92±7 0.0077

Surgical therapy in % 91.0%±0.9 91.5%±1.3 n.s.

Laparoscopic appendectomy per 1 million insurance holders 94±7 82±7 0.01

Open or converted appendectomy per 1 million insurance
holders

7.1±1.3 5.4±0.7 0.027

Additional bowel resection per 1 million insurance holders 6.4±0.5 6.4±1.2 n.s.

Table 5 Complications of
appendicitis treatment in % and
median length of stay during
reference and observation period

Reference period Observation period p value

Median length of stay in days (only appendectomy) 4 3 n.s.

Re-admission within 30 days 6.8%±0.81 5.8%±0.61 0.05

Anastomosis leakage or appendix stump leakage 0.41%±0.2 0.42%±0.17 n.s.

Wound infection 1.3%±0.4% 1.1%±0.4 n.s.

Re-operation 0.84%±0.35 0.83±0.32 n.s.

Peritonitis or sepsis 2.9%±0.5 2.6%±0.3 n.s.
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Conclusion

This study shows a significant reduction in overall patients
with acute appendicitis during the COVID-19 pandemic in
spring 2020 in Germany. Rates of patients with UA dropped
significantly, while CA was not affected. One hundred four
patients during observation period were simultaneously in-
fected with COVID-19, but no difference was seen regarding
their treatment. Nevertheless, there was no difference in treat-
ment or complication rate. This study supports the hypothesis
that uncomplicated appendicitis is no progressive disease to
complicated appendicitis.
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