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Abstract

Background: Treatment numbers of various cardiovascular diseases were reduced
throughout the early phase of the ongoing COVID-19 pandemic. Aim of this study
was to (a) expand previous study periods to examine the long-term course of hospital
admission numbers, (b) provide data for in- and outpatient care pathways, and
(c) illustrate changes of numbers of cardiovascular procedures.

Methods and Results: Administrative data of patients with ICD-10-encoded primary
diagnoses of cardiovascular diseases (heart failure, cardiac arrhythmias, ischemic
heart disease, valvular heart disease, hypertension, peripheral vascular disease) and
in- or outpatient treatment between March, 13th 2020 and September, 10th 2020
were analyzed and compared with 2019 data. Numbers of cardiovascular procedures
were calculated using OPS-codes. The cumulative hospital admission deficit
(CumAD) was computed as the difference between expected and observed admis-
sions for every week in 2020. In total, 80 hospitals contributed 294 361 patient cases
to the database without relevant differences in baseline characteristics between the
studied periods. There was a CumAD of —10% to —16% at the end of the study inter-
val in 2020 for all disease groups driven to varying degrees by both reductions of in-
and outpatient case numbers. The number of performed interventions was signifi-
cantly reduced for all examined procedures (catheter ablations: —10%; cardiac elec-
tronic device implantations: —7%; percutaneous cardiovascular interventions: —9%;
cardiovascular surgery: —15%).

Conclusions: This study provides data on the long-term development of cardiovascu-

lar patient care during the COVID-19 pandemic demonstrating a significant CumAD

Abbreviations: CCl, Charlson comorbidity index; Cl, confidence interval; CumHD, cumulative hospital admission deficit; GLMM, generalized linear mixed models; ICD-10-GM, International
Statistical Classification of Diseases and Related Health Problems (German Modification); OPS, operations and procedures.
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for several cardiovascular diseases and a concomitant performance deficit of cardio-
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vascular interventions.
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1 | INTRODUCTION

During the course of the COVID-19 pandemic, reduced hospitalization
rates were described for multiple acute cardiovascular and non-
cardiovascular diseases.r™* Since most of the previous investigations
focused on the early phase of the pandemic in spring 2020, data con-
cerning the development of hospitalization rates following April 2020
are scarce.>*8 Evidence of an increased case-severity respective mor-
tality, especially in patients with cardiovascular diseases, led to concern
that those reduced treatment numbers could negatively affect patients'
long-term outcome.”>1? Therefore, understanding patients' care path-
ways during the ongoing pandemic is of huge interest. Our group
already introduced the cumulative hospitalization deficit as a metric to
monitor cardiovascular hospitalizations across a multicenter hospital
network in Germany.2° This study expands these data with regard to
the examined study period, provides data also on outpatient treatment
and highlights the numbers of different cardiological interventions.

2 | METHODS

21 | Data collection

Administrative data of 86 Helios hospitals in Germany were analyzed.
Consecutive patient cases with an in- or outpatient hospital admission
date between March 13th 2020 (start of the national protection phase
according to the national pandemic plan for Germany) and September
10th 2020 were analyzed and compared with the corresponding period
in 2019 (March 15th to September 12th 2019, changing dates relate to
shifted week days). Cause-specific hospitalizations were defined based
on the encoded primary diagnosis at hospital discharge according to the
International Statistical Classification of Diseases and Related Health
Problems (ICD-10-GM [German Modification]). Patients with primary dis-
charge diagnosis of specific cardiovascular diseases were further studied.
Numbers of cardiovascular interventions were calculated using the Oper-
ations and Procedures-codes (OPS [German adaptation of the Interna-
tional Classification of the Procedures in Medicine of the World Health
Organization, version 2017]) within hospital discharge data. Com-
orbidities were identified from encoded secondary diagnoses at hospital
discharge according to the Charlson Comorbidity Index (CCl), which has
been calculated with minor adjustments according to previous publica-
tions.222® Patients in whom a laboratory-proven infection with SARS-
CoV-2 was encoded (ICD-10 code: U07.1) were excluded. Detailed
information about used ICD- and OPS-codes as well as the participating

hospitals is provided in the (Supplemental Tables 1-3). According to the

data from the Robert-Koch-Institute, the German government's central
scientific institution in the field of biomedicine, numbers of COVID-19
cases per 100 000 inhabitants within a federal state were calculated and
tertiles were computed to define the variable COVID-19 case volume
with corresponding low (<185.8), intermediate (185.8-404.0), and high
(>404.0) COVID-19 case volume2* Hospitals were categorized with
respect to the number of hospital admissions or procedures performed
per center during the control period (2019) and further expressed as
tertiles (hospital admissions: low <612 admissions/2019; intermediate
612-1970 admissions/2019; high >1970 admissions/2019; procedures:
low <220 procedures/2019; intermediate 220-902 procedures/2019;
high >902 procedures/2019). Information on in- or outpatient treatment
was gathered from hospital discharge data. Patients' data were stored in
a double-pseudonymized form and data use was approved by the Helios
Kliniken GmbH data protection authority. Considering the retrospective
analysis of double-pseudonymized administrative clinical routine data,
ethics committee approval was determined not to be required in accor-
dance with German law (professional regulation of Saxony §15) and
informed consent was not obtained.

2.2 | Statistical analysis

Administrative data were extracted from QlikView (QlikTech, Radnor,
PA). We calculated the total number of monthly and weekly admis-
sions, with weeks defined so that the first day of the national protec-
tion phase (Friday, March 13th 2020) corresponds to the beginning of
the investigated week. The cumulative hospital admission deficit
(CumAD) was computed as the difference between the expected and
observed cumulative admission number for every week in 2020,
expressed as a percentage (95% confidence interval [Cl]) of the cumu-
lative expected number, which is defined as the weekly average
across the time interval in 2019. The difference between the expected
and observed cumulative admission number was assessed using a x°
test for the last week of the period. The p-values were adjusted for
multiple comparisons using a Bonferroni correction. For all tests we

apply a two-tailed 5% error criterion for significance.

3 | RESULTS

3.1 | Study cohort

A total of 80 hospitals contributed 294 361 patient cases to the data-
base (6 hospitals did not treat cardiovascular patients meeting the



KONIG ET AL

= Lwiev- G

inclusion criteria) for the years 2019 and 2020 (140 658 in total and
92 082 during the study period in 2020; 153 703 in total and
106 544 during the control period in 2019). There were no differ-
ences in the distribution of baseline characteristics between the con-
trol period in 2019 and each of the studied months in 2020 with
respect to gender, age groups, CCl or the treatment in areas with dif-
ferent COVID-19 case volumes (Table 1).

3.2 | Hospital admissions

There was a significant CumAD of —10% to —16% at the end of the
study period for all investigated cardiovascular disease groups. In
detail, the overall CumAD was —15% (95%Cl: —16; —14; p<0.001) for
heart failure, —13% for cardiac arrhythmias (95%Cl: —14; -12;
p<0.001), —11% for ischemic heart disease (95%Cl: —-12; -10;
p<0.001); —13% for valvular heart disease (95%Cl: —15; —11;
p<0.001), —16% for arterial hypertension-related hospital admissions
(95%Cl: —17; —15; p<0.001), and —14% for admissions of patients
with peripheral vascular disease (95%Cl: —15; —13; p<0.001). The
total reduction in hospital admissions was driven in all disease groups
by a decline in both in- and outpatient treatment numbers with a
greater reduction in inpatient cases in heart failure (inpatient —17%
-7%), -16%
-7%), -21%
vs. outpatient —11%), and peripheral vascular disease (inpatient —17%

vs. outpatient cardiac arrhythmias (inpatient

vs. outpatient arterial hypertension (inpatient
vs. outpatient —6%), a similar reduction of in- and outpatient treat-
ment numbers in the group of ischemic heart disease (inpatient —11%
vs. outpatient —12%) and a pronounced reduction of outpatient cases
in valvular heart disease (inpatient —10% vs. outpatient —18%). All
results of the CumAD analysis are shown in Table 2. When examining
the time course of those effects there was a distinct decline in the
CumAD in March and April with a disease-specific recovery phase
thereafter, although an overall deficit remained until the end of the
observational period (Figure 1). Weekly admission rates per disease
group were computed showing lower admission rates in 2020 with
diverging curves from mid-February (heart failure, cardiac arrhythmias,
ischemic heart disease) or early March (valvular heart disease, arterial
hypertension, peripheral vascular disease) until mid- to late-May
(except from arterial hypertension with early May). Results are illus-

trated in Figure 2.

3.3 | Cardiovascular interventions

In total, 117 782 interventions were counted (56 193 in total and
37 620 during the study period in 2020; 61 589 in total and 42 638
during the control period in 2019). Baseline characteristics were not
different in the subgroup of patients who underwent any prespecified
cardiovascular procedure comparing 2019 and each of the studied
months in 2020 (Supplemental Table 4). The cumulative number of per-
formed interventions was significantly reduced for all examined proce-
dures with —10% for catheter ablations (95%Cl: —12; —8; p<0.001),

—7% for cardiac implantable electronic device (CIED) operations (95%
Cl: =9; —6; p<0.001), —9% for percutaneous cardiovascular interven-
tions (95%Cl: —10; —8; p<0.001) and even —15% for cardiovascular sur-
gery (95%Cl: —16; —14; p<0.001). There has been no distinction made
between in- and outpatient cases. Comparing weekly performance
rates for each procedure group, a declining number of interventions
was apparent from early (CIED implants) or mid-February (catheter
ablations, cardiovascular surgery, percutaneous coronary interventions)
to early or mid-June with a slight overcompensation period from end-
June to early August within catheter ablations and CIED implants with-
out reaching statistical significance for this temporal increase (Figure 3).

4 | DISCUSSION
The COVID-19 pandemic already led to profound restructuring pro-
cesses in the affected health care systems. We investigated an adminis-
trative database with 294 361 in- and outpatient cases for temporal
trend analysis in healthcare utilization related to several cardiovascular
diseases. Extending the findings of a previous report of our working
group, we showed a significant reduction of case numbers for all inves-
tigated cardiovascular diseases in the early phase of the pandemic from
March to May with a recovery of admission rates to the end of the
observational period in comparison to a previous year control period.?°
However, a relevant CumAD remained both for in- and outpatient care
pathways and a significant deficit of all investigated cardiovascular
interventions was apparent with unknown implications for the future.
There are no comparable datasets examining both in- and outpa-
tient case numbers during the pandemic course since most studies
focused on inpatient treatment so far. The initial acute decline in hos-
pitalization rates is in line with previous findings reported for patients
with acute coronary syndromes, heart failure, and other acute cardio-
vascular conditions. Only scarce data are available for the other dis-
ease groups examined. Regarding peripheral vascular disease, there
are small single-center experiences pointing into the same direction of
overall lower hospitalization numbers with consecutive more severe
clinical courses.?> This is even more surprising being aware of the
procoagulatory effects of SARS-CoV-2-infection potentially inducing
peripheral embolisms.?® As our analysis excluded patients with
COVID-19 disease, the latter effect should per se not influence our
findings. Nevertheless, an unknown number of undiagnosed infections
could still have a potential impact on the observations made. When
looking for studies investigating hospitalization numbers of patients
with cardiac arrhythmias, a nationwide cohort study from Denmark
presented an overall reduction of 47% in hospital admissions with
atrial fibrillation.?” This is in line with our findings almost reaching a
deficit of 40% for the group of all cardiac arrhythmias in April 2020,
which corresponds to the observational period of Holt and colleagues.
The reduced performance rate of percutaneous coronary interven-
tions is most likely to be explained by both the reduction of admission
rates for acute coronary syndromes as described previously and the
postponement of elective coronary interventions during the initial

phase of the pandemic from March to early May as recommended by
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Admission until the final week (4 September-10 September)

TABLE 2 Cumulative hospital
admission deficit for all subgroups of

Expected Observed Hospitalization deficit (95% Cl) p cardiovascular diseases and
Heart failure cardiovascular procedures
Inpatients 17 232 14 321 —17% (—18; —16) <0.001
Outpatients 3447 3189 -7% (-10; -5) <0.001
Total 20 679 17 510 —15% (-16; —14) <0.001
Cardiac arrhythmias
Inpatients 16 971 14 286 —-16% (-17; —15) <0.001
Outpatients 8346 7721 -7% (=9; —6) <0.001
Total 25317 22 007 —13% (—14; -12) <0.001
Ischemic heart disease
Inpatients 20 609 18 338 —11% (-12; —10) <0.001
Outpatients 5780 5063 —-12% (-14; —-11) <0.001
Total 26 389 23401 —11% (-12; -10) <0.001
Valvular heart disease
Inpatients 4277 3841 —10% (—12; -8) <0.001
Outpatients 2379 1952 —18% (-21; -15) <0.001
Total 6656 5793 —13% (-15; -11) <0.001
Arterial hypertension
Inpatients 7095 5626 —21% (-22; -19) <0.001
Outpatients 7546 6707 -11% (-13; -9) <0.001
Total 14 641 12 333 —16% (-17; —15) <0.001
Peripheral vascular disease
Inpatients 9120 7536 -17% (-19; -16) <0.001
Outpatients 3742 3502 —6% (—9; —4) <0.001
Total 12 862 11 038 —14% (-15; —13) <0.001
Catheter ablations
Total 4481 4039 -10% (—12; -8) <0.001
CIED implants
Total 5826 5391 —7% (=9; —6) <0.001
Cardiovascular surgery
Total 17 375 14 819 —15% (—16; —14) <0.001
Percutaneous cardiovascular interventions
Total 18 469 16 774 —9% (-10; -8) <0.001

Abbreviation: CIED: cardiac implantable electronic device.

cardiological societies.?® Our data did not provide information on the
interventional treatment within specific disease groups and could
therefore not show whether patients admitted with coronary artery
diseases were treated equally compared to the pre-pandemic phase.
However, data from a Swedish registry indicates a similar interventional
strategy in patients with acute coronary syndromes leading to the
assumption that the pure reduction of admission numbers is responsi-
ble for our observations.?’ A similar or even pronounced reduction of
cardiac catheterizations and electrophysiological interventions was
reported from a nationwide database of the UK.2° Studies on the num-
ber of catheter ablations during the COVID-19 pandemic are missing
for continental Europe, but recommendations from scientific societies

to reduce planned procedures should also be the most important

influencing factors here, especially because the majority of electrophys-
iological interventions are elective in nature.2®3! An early report from
Italy showed a significant reduction in urgent pacemaker implantation
rates (—28%) compared with 2019 without differences in the composi-
tion of the cohort regarding age or presentation with total AV block or
syncope.’® This again is in line with our observations within the early
pandemic phase from March to April 2020. Of note, pacemaker implan-
tations following aortic valve interventions were excluded in this analy-
sis indicating a true reduction of emergency admission for severe
bradycardia. Interestingly, even in the field of acute aortic syndromes
requiring surgery there were marked decreases in patient numbers
reported from both Europe to the US.52%2 Regardless of this, treatment

numbers in cardiac surgery were reduced by ~50% up to 75% both in
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FIGURE 1 Total cumulative hospital admission deficit for
different cardiovascular diseases in 2019 compared to 2020. A:
cumulative admission deficit (total), B: cumulative admission deficit
(inpatient cases), C: cumulative admission deficit (outpatient cases)

areas with low and even pronounced in those with high COVID-19
case numbers.** Once again, this is most likely due to a combination of
the avoidance of patients entering the healthcare system or canceling
their appointments, respectively, and healthcare providers postponing
elective procedures according to the official recommendations.3>38
Although there is no obvious explanation for the less pronounced

effects shown in our data compared with some of the above mentioned

cveet RWIESERE

studies, regional differences and the different COVID-19 case numbers
within the investigated cohorts must be taken into account in the
interpretation.

Data regarding the development of admission rates following April
2020 are scarce and limited to two studies investigating acute coronary
syndromes and one manuscript describing the changes in hospitaliza-
tion rates for acute heart failure.*>1¢® Those three investigations
showed a recovery phase in the later observational period similar to the
increasing case numbers in the corresponding time interval seen in our
analysis. However, comparability is limited as only patient cases up to
May or mid-June were included in previous works, which has now been
extended to mid-September in the present analysis.

There are several potential explanations for our observations
both supporting the assumption of mere shifts in patients' care path-
ways and a potential true reduction of patient numbers. Firstly,
patients' unwillingness of entering the healthcare system to avoid
SARS-CoV-2-exposition is one comprehensible reason for the reduc-
tion of hospital admissions. This is supported by an increased case-
severity both in patients with acute heart failure and acute myocardial
infarctions indicating either patients' presentation at advanced dis-
ease stages or a selective admission of only the sickest patients. A
prolonged time to first medical contact as well as to hospital admis-
sion in patients with acute coronary syndromes and equally reduced
hospitalization rates both in areas with high and low COVID-19 case
volume are pointing in the same direction of an increased threshold
for entering the healthcare system.”?? Moreover, the reduction of
both in- and outpatient case numbers, which has now firstly been
reported indicates such a connection. Secondly, the postponement of
non-urgent treatment in accordance to official recommendations will
contribute to the observed findings. This is specifically of interest
since Germany has one of the highest hospitalization rates for cardio-
vascular diseases across Europe.*® However, the majority of the
above-mentioned studies showing comparable hospitalization deficits
only included medical emergencies, which should be less affected by
the regular scheduling within the health care system. Furthermore,
percentage changes in hospitalization numbers from other European
countries or the US during spring are in a similar range not indicating
that our observations are only caused to a previous overtreatment of
cardiovascular patients specifically in Germany. Nevertheless, the
persisting CumAD until the end of the observational period could
potentially be influenced by the previously liberal handling of indica-
tions for inpatient care and corresponding procedures.

A misclassification of diseases in favor of COVID-19 disease is
possible for some disease groups with overlapping clinical presenta-
tion like heart failure. Nevertheless, as the decline of patient numbers
was also observed in cohorts in which an overlap of symptoms is
unlikely (peripheral vascular disease, acute stroke), this should only
affect our findings to a minor extend. Factors being discussed to
potentially truly reduce the necessity of in- our outpatient hospital
treatment are an improved air quality during the lockdown phase and
the reduction of seasonal infections as a consequence of restricted
social contacts since both of them are triggers for an acute deteriora-

tion of pre-existing heart diseases.*!
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Further studies are needed to confirm our findings and identify
causes for the observations being made. Whether those changes in
healthcare utilization during the COVID-19 pandemic imply conse-
quences for future treatment of patients with cardiovascular diseases

cannot yet be foreseen.

5 | LIMITATIONS

This study analyzed administrative data, which were not stored for
research interests, but for remuneration reasons, which potentially

could affect the encoded information. Quality of the results depends
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to a large extent on the correct encoding of procedures and diagnoses
at hospital discharge.?® This is particularly true for the encoding of
SARS-CoV-2-infection, as the specific ICD-code has been introduced
at April 1st 2020 and was retrospectively encoded thereafter for all
previous cases. Information regarding patients' specific medical his-
tory, cardiac imaging, laboratory results, medication, and treatment-
related data were not available due to the type and structure of the
analyzed database. Moreover, the majority of outpatient care in Ger-
many is provided by resident practitioners and therefore the present
analysis only represents a selection of patients treated in the environ-
ment of a hospital. The comparison of admission numbers only with
data from 2019 harbors the possibility that the observed effects are
caused by year-dependent fluctuations in admission numbers. How-
ever, a comparison with previous year's data have also been consid-
ered a valid method of comparison in several other studies
investigating changes in health care utilization during the COVID-19

pandemic 1-3,8-11,13-15,27,42-45

6 | CONCLUSION

Our study is the first to show the development of hospital admission
numbers during the course of the COVID-19 pandemic for several
cardiovascular disease groups demonstrating both a decrease in case
numbers within the in- and outpatient setting. Although increasing
after the early pandemic phase from March to May, a significant
CumAD remained for all disease groups. Moreover, a significant per-
formance deficit for all studied cardiovascular interventions was
found. Consequences of these findings cannot be foreseen and

deserve further research.
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