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Abstract

Background: While extensive data are available on the postponement of elective surgical procedures due to the
COVID-19 pandemic for Germany, data on the impact on emergency procedures is limited.

Methods: In this retrospective case—control study, anonymized case-related routine data of a Germany-wide volun-
tary hospital association (CLINOTEL association) of 66 hospitals was analyzed. Operation volumes, in-hospital mortal-
ity, and COVID-19 prevalence rates in digestive surgery procedure groups and selected single surgical procedures

in the one-year periods before and after the outbreak of the COVID-19 pandemic were analyzed. The analysis was
stratified by admitting department (direct admission or transfer to the general surgical department, i.e., primary or
secondary surgical patients) and type of admission (elective/emergent).

Results: The total number of primary and secondary surgical patients decreased by 22.7% and 11.7%, respectively.
Among primary surgical patients more pronounced reductions were observed in elective (-25.6%) than emergency
cases (-18.8%). Most affected procedures were thyroidectomies (-30.2%), operations on the anus (-24.2%), and closure
of abdominal hernias (-23.9%; all P's <0.001). Declines were also observed in colorectal (-9.0%, P=0.002), but not in
rectal cancer surgery (-3.9%, n.s.). Mortality was slightly increased in primary (1.3 vs. 1.5%, P<0.001), but not in second-
ary surgical cases. The one-year prevalence of COVID-19 in general surgical patients was low (0.6%), but a significant
driver of mortality (OR=9.63, P<0.001).

Conclusions: Compared to the previous year period, the number of patients in general and visceral surgery
decreased by 22.7% in the first pandemic year. At the procedure level, a decrease of 14.8% was observed for elective
procedures and 6.0% for emergency procedures. COVID-19 infections in general surgical patients are rare (0.6% preva-
lence), but associated with high mortality (21.8%).

Trial registration: The present study does not meet the ICMJE definition of a clinical trial and was therefore not
registered.
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impending patient volume and maintain intensive care
bed capacity was the cancellation and postponement of
elective surgical procedures [4, 5].

While general and nonspecific recommendations
to protect patients, particularly cancer patients, from
COVID-19 infection were available early [4, 5], detailed
and specific recommendations for organizing, select-
ing, and performing surgical procedures, including ethi-
cal considerations, were not published until later in the
COVID-19 pandemic [6]. Early recommendations and
guidelines for patient selection regarding performance,
deferral, or cancellation of a surgical procedure specifi-
cally addressed elective procedures [7, 8]. Early on, there
was consensus in the recommendations that urgent and
emergency surgeries should not be postponed [8, 9].
However, up to now, only single single-center data have
been published on the impact on emergency procedures
in general and visceral surgical care [10—12]. Further-
more, we are not aware of any studies that have investi-
gated whether and how the patient pathway to surgery
has changed. Specifically, whether the measures taken
to manage the pandemic resulted in fewer patients being
admitted directly to surgery (primary surgical cases)
and, instead, increased numbers of patients through the
detour of admission to other departments with subse-
quent transfer to surgery (secondary surgical cases).

The study aimed to assess the extent of decrease of sur-
gical procedures, as well as the prevalence of COVID-19
infections among general surgery patients. Furthermore,
we wanted to analyze the effect of the COVID-19 pan-
demic on in-hospital mortality and whether clinical path-
ways of patients to surgery changed due to the pandemic.
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Generally, we hypothesized a decrease in overall proce-
dure volume in general surgery. For gastrointestinal sur-
gery, the most important surgical area within general
surgery, we predicted a mixed effect: while a reduction in
volume is expected for elective procedures, such an effect
was not predicted for emergency procedures. Regarding
the patient pathways, we expect case number decreases
mainly in primary surgical cases, while no changes or
even slight case number increases are expected in sec-
ondary surgical cases, possibly due to compensation
effects.

Materials and methods

Data of the CLINOTEL hospital association, a volun-
tary association of 38 public and 28 non-profit, primar-
ily medium-sized standard care hospitals distributed
throughout Germany with approximately 31,000 beds,
1.3 million inpatients and 120,000 general surgical
patients annually, was analyzed retrospectively. As data
source routinely collected administrative data was used,
that every German hospital is required to record by law
("Hospital Remuneration Act") and comprised of a range
of information (e.g., gender, age, diagnoses, medical pro-
cedures) for each inpatient admission in a systematic and
standardized way for reimbursement purposes. In 2019
hospitals of the CLINOTEL group performed 5.1% of all
digestive surgery operations in Germany.

Analyzed patient groups are summarized in Fig. 1. To
assess different patient pathways, patients who under-
went digestive surgery or single selected surgical pro-
cedures were identified and categorized as primary
(direct admission to surgical department) or secondary

Primary surgical patients

Admitting

department

Secondary surgical patients

General surgery
department

Digestive

surgical

Selected
procedures

Digestive

@ surgical

procedures

Selected
procedures

Fig. 1 Graphical presentation of assessed patient groups. Note. Blue numbered ellipses indicate analyzed patient groups. Visceral surgery
procedures include all procedures performed on the digestive tract. Selected procedures encompass thyroidectomy, appendectomy,
cholecystectomy, as well as colon resections and rectum resection for cancer. For further details see text
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surgical patients (admission to non-surgical depart-
ments). Digestive surgery procedures were identified
according to subchapters of the German Classification
System for Operations and Procedure Codes (OPS: chap-
ters 5-42 to 5-54). Selected single procedures and their
identifying OPS-codes were thyroidectomies (5-061 to
5-068), cholecystectomies as an independent procedure
(5-511.0/1/2/x/y), appendectomies (5-470), and colon
resection (5-455, 5-456, 5-484.0 and no rectum resec-
tion) or rectal resections (5-484.1 to 5-484.y, 5-485 and
no concomitant colectomy 5-456) for colorectal cancer
(ICD-10 main diagnosis C18, C19, C20, C21.8, D01.0,
DO01.2).

Two observation periods were defined in relation to the
COVID-19 outbreak. Period 1 encompassed the period
from 03/2019 to 02/2020 and period 2 from 03/2020 to
02/2021. Case assignment was made according to dis-
charge date. Case numbers, procedure volumes and mor-
tality rates were compared between study periods using
chi-square tests and reported as Odds ratios (OR) with
95% confidence intervals (95%-CI). Analysis was strati-
fied by admission type (elective/emergency). Comparison
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of mortality rates between observation periods and
between patients with and without COVID-19 infection
was performed using chi-square test. P-Values less than
0.05 were considered significant.

Analysis was performed with SPSS 26.0 (IBM Corp.)
and R 4.0.5 (R Foundation for Statistical Comput-
ing). Reporting is in line with the STROBE guideline
(Strengthening the Reporting of Observational studies in
Epidemiology) [13]. By German law, ethical approval is
not required for studies based on secondary data.

Results

Primary and secondary cases combined

Overall case volume differences between the two obser-
vation periods, stratified by primary and secondary surgi-
cal cases and admission type, is shown in Fig. 2. Relative
case volume differences and 95% confidence intervals are
show, along with the contribution of the several patient
groups to the case volume difference. A detailed over-
view of the results of the pooled primary and secondary
surgical patient groups at the procedure level is provided
in Table 1.

A) Digestive surgical procedure groups

Overall

Surgery on the esophagus

Surgery on the stomach

Surgery on small intestine and colon
Surgery on appendix

Surgery on rectum

Procedure

Surgery on the anus

Surgery on the liver

Surgery on the gallbladder and bile
ducts

Surgery on the pancreas

Closure of abdominal hernias

Other surgery in the abdominal region
-25%

-35% -30%

B) Selected surgical procedures

Overall
Thyroidectomy
Appendectomy

Cholecystectomy

Procedure

Colon resection for cancer
Rectum resection for cancer
-25%

-35% -30%

Cases
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Fig. 2 Case volume differences and distribution across patient groups. Note. Case volume differences between the two observation periods
(03/2019-02/2020 vs. 03/2020-02/2021) stratified by primary/secondary patients (direct admission to surgical department and transferred from
other departments, respectively) and admission type. Black dot and whiskers indicate overall case volume change and 95% confidence intervals.
Stacked bar charts show the relative case volume change for the different patient groups. Bars right to the black line indicate an increased case
volume. Npgriog 1 = 95,826. Npgring » = 80,957
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Across all digestive surgical procedure groups, mor-
tality in the first period was 2.7% (n=2,544) and in the
second period 2.9% (n=2.379), indicating a significant
increase in mortality (OR=1.11, 95%-CI: [1.05; 1.17],
P<0.001). A COVID-19 infection was present in 0.6%
patients (513 of 80,957). Cross classification of COVID-
19 status and mortality of digestive surgery patients
revealed significantly increased mortality among
COVID-19 positive patients (21.8%, n=112) compared
to COVID-19 negative (2.8%, n=2,267) with an Odds
Ratio of 9.6 (95%-CI: 7.78 to 11.93, P<0.001). Mortality
rates for the various digestive surgical procedures strati-
fied by COVID-19 infection status are shown in Fig. 3.
Only 4 groups of procedures did not show significant
mortality differences (surgery on the appendix, anus,
liver, and pancreas).

COVID-19 prevalence, stratified by elective and emer-
gency admission is given in Fig. 4. Except for appen-
dectomies, the proportion of patients with COVID-19
diagnosis was consistently lower in elective than in emer-
gency admissions. While 8860 individuals (4.2%) received
intensive care in the first observation period, the number
increased to 9455 (5.2%) in the second period. Of these
5.2%, 1,641 cases had COVID-19 coding (17.4%).

Primary surgical cases

The number of primary surgical patients decreased from
163,758 in the first to 126,561 in the second period by
-22.7%. These reductions could be observed for elective
(-25.6%) and emergency cases (-18.8%). Digestive surgery
procedures were affected by a less pronounced decline
in primary case volume, from 50,634 to 41,074 cases
(-18.9%). A decrease of 3,495 cases (-17.1%) was observed
in selected surgical procedures.

In elective admissions, a significant volume decline was
noted for 10 of the 11 digestive procedure groups (except
operations on the pancreas). For emergent admissions the
decline was less pronounced and only significant in 6 of
11 digestive surgical procedure groups (Additional Table
S1).

Of the selected surgical procedures, thyroidectomies
and cholecystectomies had the strongest decline in elec-
tive procedure volume. Remarkably, even in the case of
emergency appendectomies, a significant decrease in the
number of procedures was recorded (-7.2%, p=0.001),
while emergency cholecystectomy volume was
unchanged (-2.5%, ns). A significant procedure volume
reduction was observed in colon cancer (-7.7%, p=0.04),
but not in rectal cancer (-5.8%, ns).

Overall case burden in the hospital group of COVID-
19 cases in the observation period was 17,484 (9.6% of all
inpatient admissions). COVID-19 among all primary sur-
gical patients in the second analysis period was observed
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in 741 cases (0.6%). Stratified by admission type, COVID-
19 infections were observed more frequently in emergent
than in elective admissions (0.9% and 0.3%, respectively).

In primary surgical patients undergoing digestive
tract surgery, 136 cases (0.3%) were diagnosed with
COVID-19. Again, a higher proportion was found in
emergency than in regular cases (0.6% and 0.2%, respec-
tively). Regarding individual digestive procedure groups,
COVID-19 infection rates ranges from 0.2% to 1.8%. In
selected surgical procedures, a total of 49 patients (0.3%)
had COVID-19 infection ranging from 0 to 1% for spe-
cific procedures (Additional Table S1).

Across all primary surgical patients, mortality was sig-
nificantly increased in the second period (1.3% versus
1.5%, OR=1.17, P<0.001). Overall mortality rates in
both, elective and emergency surgery, increased slightly
(0.7% vs. 0.8%, OR=1.12, P=0.042, and 2% vs. 2.3%,
OR=1.15, P<0.001, respectively). With the exception of
surgery on the liver-procedures, no significant mortality
differences were observed in the digestive surgical pro-
cedure groups. In the selected surgical procedures, only
in rectum resections for cancer a significantly increased
mortality rate was observed (Additional Table S1).

Secondary surgical cases

In secondary surgical patients less pronounced case
number declines than for primary surgical patients were
observed. The number of digestive surgery patients
decreased from 45,192 to 39,883 cases (-11.7%, P<0,001).
Even smaller case number declines were observed in
selected surgical procedures (from 5,799 to 5,528 cases,
-4.7%, P=0,011).

The results of the analysis on procedure level for the
group of secondary surgical patients are summarized in
Additional Table S2. Significant decreases in procedure
volume were noted in 8 of the 11 digestive surgical pro-
cedure groups (exceptions: surgery on the appendix, liver,
and pancreas). Except for two procedure groups, there
was also a significant decrease for all other elective pro-
cedures. The decline in emergency admissions was less
pronounced and only significant in 2 of 11 digestive sur-
gical procedure groups (surgery on the small intestine
and colon and surgery on the gallbladder).

Regarding selected surgical procedures, there was only
a significant reduction in the number of resections in
colon cancer (-11.2%, P=0.021; Table S2). Stratified by
admission type, no significant changes were observed in
elective or emergent cases.

In secondary surgical patients undergoing diges-
tive tract surgery, 377 cases (0.9%) were diagnosed with
COVID-19. This proportion was three times higher than
in primary digestive surgery patients. Only in surgery
on the esophagus and colon resection for cancer a lower
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Fig. 3 Mortality stratified by procedure group and COVID-19 infection status. Note. Mortality rates in the second observation period (03/2020-
02/2021) across all digestive surgery patients stratified by procedure group and COVID-19 infection status. Black whiskers indicate 95% confidence
intervals. P values indicate the results of chi-square tests comparing mortality rates between subgroups. Nno COVID-19=80,444. NCOVID-19=513
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proportion was observed. As in primary surgical patients,
higher COVID-19 rates were found in emergency than in
elective cases (0.6% and 0.2%, respectively). In selected
surgical procedures, COVID-19 infections were observed
in 1% of patients (n=55) with values ranging from 0.9%
to 3.0% in individual procedures (Additional Table S2).

Overall mortality in all secondary surgical cases
remained unchanged (1.6% vs. 1.5%, P=0.253). In diges-
tive surgery only surgery on small intestine and colon had
an increased mortality rate (4.1% vs. 4.5%, P=0.011). In
selected surgical procedures, the overall mortality rate in
rectum resection for cancer was reduced (10.3% vs. 4.4%,
P=0.037), while in emergent cholecystectomies mortal-
ity increased (2.6% vs. 3.8%, P=0.022, Additional Table
S2).

Discussion

The present study examined the effect of the COVID-19
pandemic on case volume and in-hospital mortality, as
well as the prevalence of COVID-19 in general surgery
patients in a multi-institutional setting of 66 general hos-
pitals across Germany, with special regard to emergency
procedures. In march 13% 2020 ministry of health issued
a request to all German hospitals to postpone elec-
tive surgical procedures without further guidelines [14].
Decision and patient selection were left to the discretion
of the treating surgeon, in contrast to other countries,
where guidance on selecting patients for surgery was pro-
vided [7]. How the guidelines were actually implemented,
i.e. which operations were postponed, to what extent
emergency procedures were affected, and whether and
how patient pathways changed, was analyzed in the pre-
sent study for Germany.

The analysis showed a decrease of 22.7% for the total
number of patients in general and visceral surgery was
observed, a decrease in the order of magnitude as in the
international modelling study [16] and as observed by
studies on individual procedures [10-12, 18]. However,
this number includes all inpatients admitted to gen-
eral surgery departments, regardless whether surgery
was actually performed or not, and thus tends to be an
inflated estimate. More valid figures emerge when con-
sidering digestive surgery patients. This group of patients
showed substantially lower decreases in the number of
cases (-15.5%) and procedures (-14.8%), and are thus con-
siderably below the modeled figures. An extrapolation of
the observed cancellation rates across Germany would
therefore yield a backlog of approximately 376,000 diges-
tive operations.

A methodologic sophisticated study predicted the ces-
sation of 75,730 elective operations in Germany weekly
during the first wave of the pandemic, based on experts’
expectations about surgical cancellation rates [16].
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Specifically, for cancer surgery the model estimated a
cancellation rate of 24.0% (range: 17.2%—42.3%) for Ger-
many. Thus, the backlog of operations in general and vis-
ceral surgery is less than initially expected [15]. For the
modeling, however, various assumptions had to be pos-
tulated (e.g. duration of lockdown, surgical case-mix)
and estimates based on expected projections of senior
surgeons. Deviations from the modeled figures could be
explained by an immediate catch-up effect. The modeled
predictions are based on the 12-week peak of infection
during the first wave, when cancellation rates were high-
est. However, the observation period of the present study
covered the entire first year of the pandemic and since
COVID infection rates showed a strong seasonal effect,
with low incidence in the summer months, it is likely that
postponed surgeries were rescheduled immediately. This
can possibly be explained by the fact that the predictions
and observations in the studies reported were based on
the lockdown phases, in which the decline in the number
of cases was particularly pronounced. Immediate catch-
up effects, as they were observed for some procedures in
our study, were not taken into account in other studies.

As hypothesized, the decrease in procedure volume
was less pronounced in secondary than in primary sur-
gery patients. The only exceptions were observed in sur-
gery on small intestine/colon and colon resection for
cancer, where the decrease in the number of cases was
more pronounced than in primary surgical patients.
This finding suggests that the surgical care of patients in
the sense of co-treatment of patients admitted to other
departments was generally less affected. This indicates an
alternative care pathway through which patients received
surgical treatment.

So far, there are no extensive multi-center analyses for
general surgery on the impact on the case volume that
differentiated between elective and emergency cases. As
hypothesized, case volume decline was more pronounced
in elective than in emergency surgery. Majority of post-
poned procedures were observed in primary surgical
elective cases. Unexpectedly, there were also significant
and, in some cases, even substantial decreases in the
number of procedures for patients admitted as emer-
gencies (e.g. surgery on the anus, -19.0%). Although less
accentuated than in elective procedures, this decline is
unexpected, since only scheduled operations should be
postponed and at no time there were recommendations
to postpone or cancel emergent operations [8, 9]. Two
possible explanations can be considered for this effect.
First, the utilization behavior of patients could have
changed in such a way that they tended to avoid hospi-
talization, especially during periods of high COVID-19
infection rates. On the other hand, conservative treat-
ment methods may have been used more frequently in
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order to avoid necessary stays in intensive care units as a
result of surgical complications.

Interestingly, for some procedures we observed a compen-
sating effect of increased case volumes in secondary surgical
cases and a shift to more emergency procedures. This finding
is supported by case volume changes in single procedures,
with the largest decline in case numbers for thyroidectomies,
as an almost entirely electively performed procedure. There
the number of cases dropped by a third, compared to the
same period of the previous year. Second most affected were
cholecystectomies, with a case mix of elective and emergent
indications. Less pronounced were the case reduction in
appendectomies and colorectal cancer surgery.

Data from two single hospitals on appendectomy and
cholecystectomy case volumes showed a decrease of
about 50% during the first pandemic wave compared
to the same period of the previous year (calendar week
12—20) [11]. Another study on appendectomies, that
additionally differentiated according to the indication,
reported this decrease specifically for simple and non-
complex appendicitis, while not for complex acute appen-
dicitis [10]. A reanalysis of the published data showed a
decrease in procedures of 17.1% compared to the same
period in the previous year (calendar week 12—17).

The descriptive analysis showed an increase in mortal-
ity for most of the procedures and groups of procedures,
but only a few actually showed significant differences. A
COVID-19 infection showed a highly significant asso-
ciation with increased mortality rates (OR=9.6, 95% CI:
7.78 to 11.93). The strength of the association is compara-
ble to that observed in an Italian single-center (OR=9.5)
[17] and a two-center study (RR,gjyseq=9-29) from New
York [18]. However, the increased mortality is probably
not only due to the additional risk factor of a COVID-
19 infection. Rather, the surgical case mix has shifted
towards more complicated interventions and more emer-
gent procedures, which are associated with increased
mortality [10, 11]. Future studies had to disentangle the
effect of a changed surgical case-mix and increased mor-
tality because of preoperative COVID-19 infection [19].

Generally, COVID-19 prevalence was low in the study
group. Of the patients directly admitted to general sur-
gical department, only a very small percentage were
COVID-19 positive. This can be explained by the fact
that all patients underwent a SARS-CoV2 antigen rapid
test before hospitalization. In case of a positive rapid
test result, an additional PCR test was performed and
patients were isolated in the ward until the test result was
obtained. An above average proportion of infections was
observed in patients treated in the upper gastrointesti-
nal tract (esophagus, stomach). This probably reflects the
clinical component of the increased prevalence of gastro-
intestinal symptoms in COVID-19 infection [20].
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The analysis based on administrative data primarily
collected for remuneration issues and has the usual limi-
tations of such data, mainly incomplete clinical data and
non-stringent definition of mortality (in-hospital vs. 30d)
[21]. Furthermore, it must be noted that the hospital net-
work mainly comprises medium-sized hospitals. There-
fore, an underestimation of the observed effects cannot
be ruled out, since complicated COVID-19 cases in par-
ticular tended to be treated more frequently at university
hospitals. Possible differences between university hos-
pitals and other standard care hospitals are indicated by
single-center data, which described a significant decline
in the number of cases for cholecystectomies only at uni-
versity hospitals [11]. With 23.8% more intensive care
cases in the second observation period, a considerable
increase in intensive care cases could be observed in the
hospital sample examined. This increase is in the range of
the value observed by a Germany-wide model for inten-
sive care units [22], which indicates that the hospitals of
the sample are comparable in this value with the totality
of German hospitals.

Another restriction arises in the estimate of the back-
log of operations, as we have only calculated the decrease
in the number of operations compared to the previous
year’s values, while the number of inpatient operations
generally increase by about 1.8% each year [23]. There-
fore, the numbers may underestimate the real backlog
of operations. Finally, the specificity of the situation in
Germany during the pandemic must be pointed out, such
as low COVID-19 case numbers in international com-
parison or no uniform national response strategy. These
limitations should be considered when generalizing the
results to other countries and regions.

It has been shown that the impact of a pre-operative
COVID-19 diagnosis on 30-day post-operative mortality
diminishes over time with a practically equal risk of mor-
tality with undiagnosed patients after 7 weeks [19]. The
dataset provided no opportunity to control for the time-
differences between COVID-19 diagnosis and date of
operation. Furthermore, because of rare mortality events
in combination with homogeneous patient groups, risk-
adjusted modelling was not feasible.

Conclusion

In summary, it can be concluded that the backlog of
surgeries in general and visceral surgery is less than
early predictions suggested. Primary surgical patients
were more affected, while the care of secondary surgi-
cal patients, i.e. those who needed general surgical care
during a hospital stay in other departments, was largely
assured. The proportion of COVID-19 in all general
surgical cases was generally low (0.6%), but a significant
driver of mortality (OR=9.63, P<0,001).
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