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Abstract

Purpose COVID-19 pandemic had multiple influences on the social, industrial, and medical situation in all affected countries.
Measures of obligatory medical confinement were suspensions of scheduled non-emergent surgical procedures and outpatients’
clinics as well as overall access restrictions to hospitals and medical practices. The aim of this retrospective study was to assess if
the obligatory confinement (lockdown) had an effect on the number of appendectomies (during and after the period of lockdown).
Methods This retrospective study was based on anonymized nationwide administrative claims data of the German Local General
Sickness Fund (AOK). Patients admitted for diseases of the appendix (ICD-10: K35-K38) or abdominal and pelvic pain (ICD-10:
R10) who underwent an appendectomy (OPS: 5-470) were included. The study period included 6 weeks of German lockdown
(16 March—26 April 2020) as well as 6 weeks before (03 February—15 March 2020) and after (27 April-07 June 2020). These
periods were compared to the respective one in 2018 and 2019.

Results The overall number of appendectomies was significantly reduced during the lockdown time in 2020 compared to that in
2018 and 2019. This decrease affects only appendectomies due to acute simple (ICD-10: K35.30, K35.8) and non-acute
appendicitis (ICD-10: K36-K38, R10). Numbers for appendectomies in acute complex appendicitis remained unchanged.
Female patients and in the age group 1-18 years showed the strongest decrease in number of cases.

Conclusion The lockdown in Germany resulted in a decreased number of appendectomies. This affected mainly appendectomies
in simple acute and non-acute appendicitis, but not complicated acute appendicitis. The study gives no evidence that the
confinement measures resulted in a deterioration of medical care for appendicitis.
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Medical confinement measures had been introduced from
16 March 2020 in Germany, with suspension of all scheduled

Introduction

COVID-19 pandemic had multiple influences on the social,
industrial, and medical situations in the affected countries.
Confinement measures to minimize the number of infected
persons included social distancing, avoidance of contact, and
formal lockdown in respective regions.
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hospitalizations, elective operations, outpatients’ clinics, stop-
page of screening measures (e.g., mammography), and re-
duced opening hours of practices. Main aspect of all measures
was to avoid contacts in the medical setting and spare protec-
tive equipment.

It had been assumed that COVID-19 pandemic would have
had a major impact not only on the delivery of elective care
but also on emergency procedures. A recent report from Italy
has shown a reduced rate of hospital admissions for acute
coronary syndrome during COVID-19 outbreak [1].

Appendectomy is one of the most frequent abdominal sur-
geries in all age groups. Appendectomy usually would be
performed in patients with simple acute and complex acute
appendicitis.

Early reports showed an increased number of complicated
appendicitis during confinement period in GB [2]. This has
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also been shown in a small case series, which presented seven
pediatric cases with advanced appendicitis due to delayed pre-
sentation [3].

Medical associations in Germany expressed concerns that
the medical confinement measures might lead to an increase
of patients with complicated appendicitis due to the delay of
presentation to the hospitals [4].

The aim of this retrospective study was to assess if the
medical lockdown in Germany had an effect on the number
of appendectomies (during and after the period of lockdown).

Material and methods

This retrospective cohort study was based on anonymized
nationwide administrative claims data of the German Local
General Sickness Fund (AOK), the largest provider of statu-
tory health care insurance in Germany. The AOK covers ap-
proximately 30% of the population. The claims data includes
age and sex as well as data from inpatient episodes, including
diagnoses, procedures, and length of stay. Diagnoses were
coded according to the 10th revision of the International
Classification of Diseases (ICD-10). Procedures were docu-
mented using the German version of the International
Classification of Procedures in Medicine (ICPM), the
“Operationen- und Prozedurenschliissel” (OPS).

We included patients aged 1 year or older admitted for
diseases of the appendix (ICD-10: K35-K38) or abdominal
and pelvic pain (ICD-10: R10) who have undergone an ap-
pendectomy (OPS: 5-470). The study period included the 6
weeks of German lockdown (16 March—26 April 2020) as
well as 6 weeks before (03 February—15 March 2020) and
after (27 April-07 June 2020). These three periods correspond
to the calendar weeks: 6-11 (before), 12—17 (lockdown), 18—
23 (easing). Similarly, patients were included for 2018 and
2019 with respect to the Easter holidays in 2020 (calendar
week 15). To avoid confounding effects, the calendar weeks
of 2018 and 2019 were shifted by plus 2 and minus 1 week
with respect to the Easter holidays respectively.

The primary outcome was incidence of hospital admis-
sions. We calculated incidence rates for the primary outcome
by dividing the number of cumulative admissions by the num-
ber of days for each time period.

Patients were stratified by appendicitis stage, gender, and
age. Appendicitis stages were classified as complex acute ap-
pendicitis (CAA), simple acute appendicitis (SAA), and non-
acute appendicitis (NAA). CAA exhibit a generalized or lo-
calized peritonitis with perforation or rupture or a peritoneal
abscess (ICD-10: K35.2, K35.31, K35.32). SAA was acute
but without the aforementioned properties (ICD-10: K35.30,
K35.8). NAA included other or non-specified types of appen-
dicitis, other diseases of the appendix, or abdominal and pel-
vic pain (ICD-10: K36, K37, K38, R10). According to their

@ Springer

age, patients were divided into three groups: 1-18 years, 19—
64 years, and > 65 years.

Patient demographics, appendicitis stage, Elixhauser score,
and length of stay were summarized as descriptive statistics.
The Elixhauser score, as proposed by van Walraven et al., was
used to assess patient comorbidities [5]. This score ranges
from — 19 to 89. The closer this score is to zero, the fewer
comorbidities are present. Categorical data were presented as
percentage, and numeric data as mean with standard devia-
tion, respectively. Trends among the three periods within
2020 were compared using univariate x> or Kruskal-Wallis
tests using a significance level of 0.05.

Case reductions were determined by incidence rate ratios
(IRR) comparing each period of 2020 with the corresponding
calendar week of 2019 using Poisson’s regression to model
the number of admissions per day [1]. Bonferroni’s adjust-
ment was done to correct p values for comparing multiple
patient groups (factor 144).

To investigate annual changes in the number of cases un-
related to the pandemic, periods of 2019 were additionally
compared to 2018.

All evaluations were performed with the software
STATA16.0 (StataCorp, College Station, TX).

Results
Appendectomy rates in 2020

The study comprised 9797 AOK cases who underwent an
appendectomy in 2020. Mean age was 34.5 years and 48.0%
were female patients. Overall, 23.7% were diagnosed for
CAA, 70.1% for SAA, and 6.2% for NAA. Detailed descrip-
tive statistics for each period during the pandemic are shown
in Table 1. With respect to all patients, the periods before,
during, and after the lockdown significantly differ in mean
incidence per day, age, proportion of female sex, CAA, and
NAA.

With start of the lockdown, the daily case rate fell and
increased again as the relaxations took effect, but not to pre-
vious levels (85.5, 69.4, 78.4, p < 0.001). This trend was also
observed when considering only SAA or NAA cases.
However, for CAA cases, no significant differences between
the periods were observed.

These appendicitis stage—specific changes in the daily case
rate result in different distributions of appendicitis stages in
the three periods. Within the lockdown and easing period, the
proportion of CAA cases is higher and the proportion of NAA
cases is lower as compared to the before period. The differ-
ence in the easing period is not as strong as during the lock-
down (CAA: 21.2%, 27.0%, 23.6%, p < 0.001; NAA: 8.6%,
3.8%, 5.7%, p < 0.001).
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Table 1 Patient demographics of
hospital admissions with Before Lockdown Easing P
appendectomy in 2020 (ALL, all Week number 6-11 12-17 18-23
appendicitis stages; CAA,
complex acute appendicitis; SAA, ALL cases 3591 2914 3292
simple acute appendicitis; NAA, Incidence rate per day 85.5 69.4 78.4 < 0.001
non-acute appendicitis) Age in years
Mean (SD) 32.7 (19.0) 34.5(19.8) 34.9 (19.9) < 0.001
1-18 (%) 26.6 24.0 23.1 0.002
19-64 (%) 66.0 67.1 67.2 0.527
> 65 (%) 7.4 9.0 9.8 0.002
Female sex (%) 49.1 46.1 48.5 0.042
Appendicitis (%)
Complex acute 21.2 27.0 23.6 < 0.001
Simple acute 70.1 69.2 70.8 0.390
Non-acute 8.6 3.8 5.7 < 0.001
Elixhauser score; mean (SD) 0.7 (2.9) 0.7 (3.1) 0.8 (3.2) 0.985
LOS, days; mean (SD) 43 (3.6) 43 (3.6) 433.2) 0.567
CAA cases 763 786 776
Incidence rate per day 18.2 18.7 18.5 0.8373
Age in years
Mean (sd) 42.4 (23.1) 41.9 (23.2) 44.2 (23.5) 0.118
1-18 (%) 21.9 21.4 19.1 0.348
19-64 (%) 59.4 59.9 59.0 0.935
> 65 (%) 18.7 18.7 21.9 0.191
Female sex (%) 41.0 41.2 433 0.603
Elixhauser score; mean (SD) 1.9 (4.4) 1.8 (4.4) 1.8 (4.4) 0431
LOS, days; mean (SD) 6.9 (5.2) 6.8 (5.0) 6.9 (4.7) 0.844
SAA cases 2518 2016 2330
Incidence rate per day 60.0 48.0 55.5 < 0.001
Age in years
Mean (sd) 30.1 (17.0) 31.8(17.7) 322 (17.8) < 0.001
1-18 (%) 27.7 25.2 244 0.026
19-64 (%) 67.6 69.1 69.4 0.371
>65 (%) 4.7 5.6 6.2 0.061
Female sex (%) 49.0 46.9 49.0 0.273
Elixhauser score; mean (SD) 04 (2.3) 04 (2.3) 0.5 (2.6) 0.868
LOS, days; mean (SD) 3.6 (2.5) 34 2.1) 3.5(1.8) < 0.001
NAA cases 310 112 186
Incidence rate per day 7.4 2.7 44 < 0.001
Age in years
Mean (SD) 29.1 (15.4) 31.5(15.1) 30.2 (15.9) 0.186
1-18 (%) 29.0 19.6 22.6 0.086
19-64 (%) 69.0 79.5 73.7 0.095
> 65 (%) 1.9 0.9 3.8 0.230
Female sex (%) 70.0 66.1 62.9 0.257
Elixhauser score; mean (SD) 0.2 (1.9) =0.1 (2.1) 0.5(3.4) 0.038
LOS, days; mean (SD) 3.72.4) 4.1 4.4) 4.1 (3.6) 0.577

LOS length of stay

Furthermore, the patient age and gender were influenced by
lockdown and easing. While the mean age significantly in-
creased during lockdown and easing (32.7 vs. 34.5 and 34.9

years; p < 0.001), the proportion of women decreased partic-
ularly during lockdown (49.1% vs. 46.1% vs. 48.5%, p =

0.042).
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Comorbidities, evaluated using the Elixhauser score, were
generally low, but highest in the CAA cases (1.8-1.9) and
lowest in the NAA cases (— 0.1 to 0.5). A significant differ-
ence between the periods was only observed for NAA cases
(0.2 vs. — 0.1 vs. 0.5, p = 0.038). Further significant change in
length of stay was only observed for SAA cases (3.6 vs. 3.4
vs. 3.5, p <0.001). It was shortened during the lockdown and
increased again after the easing, but not to the old level.

Comparison of appendectomy rates 2020 to 2019 and
2019 to 2018

The examination of the three periods within 2020 already
showed some effects of the lockdown and the easing on the
study population. In the following, the three periods were
examined within subgroups in relation to a common reference
point, the previous year (2019).

Figure 1 shows the weekly numbers of cases for 2018,
2019, and 2020. Overall, as well as for SAA and NAA cases,
the weekly case number decreases with start of the lockdown.
In the easing period, the weekly case number increases again,
but not to the pre-lockdown level. For CAA cases, no effects
were visible.

Looking at all cases, a significant case reduction was ob-
served for the lockdown (IR: 0.83, p < 0.001) and easing
period (IR: 0.87, p < 0.001). However, only patients with
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SAA (lockdown IR: 0.82, p < 0.001; easing IR: 0.88, p =
0.001) and especially NAA (lockdown IR: 0.32, p < 0.001;
easing IR: 0.58, p < 0.001) were affected.

Regarding age groups, there was a significant case reduc-
tion in patients aged 1-18 and 19—64 in both the lockdown (1—
18 IRR: 0.74, p < 0.001; 19-64 IRR: 0.85, p < 0.001) and the
easing period (1-18 IRR: 0.76, p < 0.001; 19-64 IRR: 0.89, p
= 0.021). Patients aged 1-18 were most affected.

Considering gender, women in lockdown (IR: 0.79, p <
0.001) and easing (IR: 0.84, p < 0.001) period and men only
in lockdown period (IR: 0.86, p = 0.002) showed a significant
case reduction. The reduction was stronger for women.

When viewed together, gender- and age-specific effects
were observed even if only SAA or NAA were considered.
Particularly strong case reductions were observed in women
aged 1-18 with SAA in both lockdown (IR: 0.67, p < 0.001)
and easing (IR: 0.73, p = 0.011) periods. The same applies to
the NAA cases, only that the decrease in the number of cases
is even stronger (lockdown IR: 0.23, p < 0.001; easing IR:
0.42, p < 0.015).

For CAA cases as well as patients aged > 65, no significant
effects were observed.

To examine yearly case reductions without the influence of
the pandemic, all comparisons shown in Table 2 were also
done comparing 2019 to 2018. No significant case reductions
were observed.
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Fig. 1 Weekly case of patients with appendectomy. a ALL all appendicitis stages, b CAA complex acute appendicitis, ¢ SAA simple acute appendicitis,

and d NAA non-acute appendicitis
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Table 2 Incidence rate ratios (IRR) and adjusted p values of hospital admissions with appendectomy in 2020 in reference to 2019 estimated by
Poisson’s regression. ALL, all appendicitis stages; CAA, complex acute appendicitis; SAA, simple acute appendicitis; NAA, non-acute appendicitis
Gender, age ALL CAA SAA NAA
Before Lockdown Easing  Before Lockdown Easing Before Lockdown Easing Before Lockdown Easing
All cases 0.97 0.83 0.87 0.99 1.05 0.96 0.98 0.82 0.88 0.85 0.36 0.58
1.000 < 0.001 <0.00/ 1.000 1.000 1.000  1.000 < 0.001 0.001  1.000 < 0.001 < 0.001
1-18 0.91 0.74 0.76 1.00 0.99 0.87 0.91 0.73 0.77 0.80 0.28 0.46
1.000 < 0.001 <0.001 1.000 1.000 1.000  1.000 < 0.001 0.001  1.000 < 0.001 0.004
19-64 1.01 0.85 0.89 1.04 1.09 0.98 1.01 0.85 0.90 0.90 041 0.66
1.000 < 0.001 0.021 1.000  1.000 1.000  1.000  0.001 0279  1.000 < 0.001 0.022
>65 0.90 0.92 1.03 0.87 1.01 1.01 1.00 0.92 1.16 0.46 0.07 0.33
1.000  1.000 1.000 1.000  1.000 1.000  1.000  1.000 1.000  1.000  1.000 1.000
Women 0.94 0.79 0.84 0.98 1.07 0.93 0.96 0.81 0.87 0.81 0.33 0.53
1.000 < 0.001 <0.00/ 1.000 1.000 1.000  1.000 < 0.001 0.065  1.000 < 0.001 < 0.001
1-18 0.90 0.64 0.67 0.97 0.90 0.58 0.88 0.67 0.73 0.88 0.23 0.42
1.000 < 0.001 <0.001 1.000 1.000 0364 1.000 < 0.001 0.011  1.000 < 0.001 0.015
19-64 0.96 0.85 0.89 1.04 1.25 1.02 0.98 0.86 0.90 0.79 0.38 0.61
1.000  0.048 0.591 1.000  1.000 1.000  1.000  0.807 1.000  1.000 < 0.001 0.035
>65 0.90 0.83 1.07 0.84 0.83 1.07 1.05 0.90 1.19 0.43 0.00 0.27
1.000  1.000 1.000 1.000  1.000 1.000  1.000  1.000 1.000  1.000  1.000 1.000
Men 1.00 0.86 0.90 1.01 1.05 0.99 1.00 0.83 0.89 0.97 0.43 0.68
1.000  0.002 0.227 1.000  1.000 1.000  1.000  0.001 0.341 1.000  0.002 1.000
1-18 0.93 0.83 0.87 1.02 1.06 1.14 0.93 0.78 0.82 0.54 0.44 0.56
1.000  0.759 1.000 1.000  1.000 1.000  1.000  0.279 1.000  1.000  1.000 1.000
19-64 1.05 0.86 0.90 1.04 1.00 0.96 1.04 0.84 0.90 1.19 0.48 0.77
1.000  0.039 1.000 1.000  1.000 1.000  1.000  0.067 1.000  1.000  0.139 1.000
>65 0.90 1.01 0.98 0.89 1.20 0.95 0.95 0.93 1.12 0.50 0.11 0.40
1.000  1.000 1.000 1.000  1.000 1.000  1.000  1.000 1.000  1.000  1.000 1.000
Discussion appendicitis during the lockdown [9]. Our study showed sim-

COVID-19 confinement measures were associated with a
clear decline in the number of patients presenting to the emer-
gency services for i.e. heart problems, bowel obstruction, and
appendicitis [6]. Only sparse data are available on the relation
of COVID-19 confinement on the number of emergency sur-
gical procedures. This study investigated the influence of
COVID-19 confinement measures on the number and compo-
sition of patients that underwent appendectomy. The study
revealed a significant decrease of appendectomies during the
lockdown in 2020 compared to 2019 and 2018 in Germany.

Similar to our results, Tanel et al. reported data from Israel
showing a decrease of acute appendicitis cases, which was not
accompanied by an increase of complicated cases [7].

A single-center study from New York, focusing on pediat-
ric patients, showed no differences in the number of appendi-
citis cases during the lockdown [8]. However, this study re-
vealed a high number of patients treated non-operatively for
appendicitis. Patients treated non-operatively were not inves-
tigated in our study.

Another single center study from Madrid reported a higher
proportion of appendectomies due to complex acute

ilar results when rating the data relatively only for 2020.

The numbers of appendectomies for complex acute appen-
dicitis remained unchanged in our series, whereas the numbers
for simple acute and non-acute appendicitis were significantly
reduced. Interestingly, the number of non-acute appendicitis
was reduced by more than 50%. The proportion of acute com-
plex appendicitis raised relatively in the investigated time pe-
riod in 2020.

Looking and the subgroups revealed, that the younger
the patient and the milder the appendicitis, the more the
relative number of cases decreased. Further, women were
more affected than men. Consequently, the largest reduc-
tion was observed for women until 18 years in the NAA
group. The case reduction in this group was over 75%. It
has been shown previously that female patients are over-
represented in appendectomies in several age groups, i.c.,
until 18 years [10].

It could be speculated that during COVID-19 lockdown,
patients with mild symptoms were not seeking medical care
because of concern about acquiring COVID-19 infection. It
might be that those cases resolved on their own. Here addi-
tional research is needed, as data from outpatient medical care
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was not available at the time of analysis. Another hypotheses
might be that during the lockdown, more patients with mild
symptoms were treated conservatively in an outpatient setting.
According to Harnoss et al., this might lead to an increase of
appendectomies during the following year, due to persistent,
worsening, or recurrent symptoms [11].

Another possible explanation for the observed reduction of
appendectomy cases is that the hospitals focused only on ur-
gent cases in accordance with the lockdown recommenda-
tions. However, the reduced number of simple acute appendi-
citis did not lead to an increase of complex acute appendicitis,
which could have been expected during the lockdown. Our
study could not confirm results of previous reports, which
showed an increase of complicated appendicitis. This might
be due to the fact that these previous reports focused on very
small, regional patient groups.

Our study further showed significant differences between
the periods in terms of comorbidities for the NAA cases and
length of stay for the SAA cases. Although these differences
were statistically significant, it must be noted that they were
very low and of no clinical relevance.

Considering our results, the lockdown demonstrated that
reducing the number of appendectomies in simple acute and
non-acute appendicitis does not lead to an increase in compli-
cated acute appendicitis. Assuming that these cases did not
require an appendectomy or were successfully treated conser-
vatively, this approach could be continued after the end of the
pandemic. This would reduce the number of appendectomies
in cases with mild appendicitis, especially for women.

Limitations

The study has a number of limitations. It is based on
secondary analysis of administrative claims data. Under-
or overdocumentation of individual diagnoses cannot be
ruled out. Furthermore, there are limitations with regard to
external validity of the patient characteristics and reported
incidences since the patient collective studied was com-
posed exclusively of AOK-insured persons. Although the
collective of AOK-insured persons accounts for more than
one-third of hospital cases in Germany, there are certain
differences versus the population of persons insured by
other statutory sickness funds in terms of the age structure
and comorbidity profile [12]. For example in 2017, the
appendectomy rate of the AOK population was 7% below
the national average. The reported case reduction is also
influenced by changes of the AOK collective between the
years. The number of insured persons slightly rose from
2019 to 2020, so that case reductions might be slightly
underestimated. However, the differences between the
years were less than 2%t within each group.
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Conclusion

The COVID-19 lockdown resulted in a reduced number of
appendectomies but not in an increased number of acute com-
plicated appendicitis. The study provides no evidence that the
confinement measures resulted in a deterioration of medical
care for appendicitis.
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