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Abstract
Background: Endomyocardial biopsy (EMB) is a safe procedure performed in
diagnostic work-up of cardiac disease.

Hypothesis: Data regarding temporal trends of total numbers, characteristics,
in-hospital outcomes, and complications of patients undergoing EMB are sparse.
Methods: The nationwide German inpatient sample (2005-2019) was used for this
analysis. Patient cases of EBM during the 5-year cycles from 2005 to 2009, 2010 to
2014, and 2015 to 2019 were compared, and temporal trends regarding total
numbers and presumable major and minor EMB-associated complications were
investigated.

Results: Overall, 67745 EMB were performed in Germany 2005-2019. Total
number of EMB increased from 3083 in 2005 to 5646 in 2019 (B 0.40 [95%
confidence interval [CI] 0.37-0.43], p <.001). Among these EMB, 19 083 (28.2%)
were performed during the period 2005-2009, 22 867 (33.7%) 2010-2014, and
25795 (38.1%) between 2015 and 2019. The proportion of patients aged =70 years
was highest 2015-2019 (2005-2009: 9.3%; 2010-2014: 13.8%; 2015-2019:
16.1%, p < .001) and the most aggravated comorbidity profile (Charlson Comorbidity
Index 2.25+1.93; 2.67 +2.14; 3.01 £ 2.29, p < .001) was also detected 2015-2019.
Major complications occurred less often in the period 2015-2019 compared to
2005-2009 (odds ratio [OR] 0.921 [95% Cl 0.893-0.950], p < .001), whereas minor
complications were more frequently observed between 2015 and 2019 (OR 1.067
[95% CI 1.042-1.093], p <.001). While a decrease in major complications was
detected irrespective of age, an increase in minor complications was identified only
in patients between 30-59 years.

numbers of EMB

2005-2019. Patients who underwent EMB in recent years were older and showed

Conclusions: Annual increased significantly in Germany

an aggravated comorbidity profile accompanied by fewer major complications,

underscoring safety of the procedure.
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1 | INTRODUCTION

The etiology of heart failure (HF) is in the majority of cases
multifactorial,® and the underlying pathologies cannot always be
identified by the most frequently used diagnostic procedures such as
echocardiography, coronary angiography, and cardiac magnetic
resonance imaging.2® Considering recent progress and improvements
in development of new therapies for specific myocardial diseases, an
accurate diagnosis is mandatory to choose the most appropriate and
beneficial therapy for the individual patient. Endomyocardial biopsy
(EMB) allows detailed tissue characterization and has been demon-
strated to improve diagnostic accuracy in many cases of
unexplained HF.2*

Historically, the first percutaneous EMB was reported by Konno
and Shakakibara in the year 1963.>¢ Subsequent modifications by
Caves and Schultz” and the simultaneously developed long sheath
technique, improved the feasibility and safety of the EMB technique.®
In 2014, the radial approach was introduced with the primary aim to
reduce bleeding complications.’ At the outset, EMB was mainly used
to monitor graft rejection after cardiac transplantations.®1° Today,
the spectrum of indications to perform EMB has considerably
expanded. The established indications were recently listed and
summarized in a joint consensus document by the Heart Failure
Association of the European Society of Cardiology, the Heart Failure
Society of America, and the Japanese Heart Failure Society.!! To
date, several studies have reported on the safety of EMB, outlining a
low rate of peri- and postprocedural complications, especially
focusing on major complications.}>"¥> However, data regarding
EMB-associated complications and outcomes are predominantly
derived from single-center experiences and registries.

Therefore, the objective of the present study was to investigate
temporal trends regarding total numbers and complications of EMB in
the German nationwide inpatient sample comprising all hospitaliza-
tions between 2005 and 2019.

2 | MATERIAL AND METHODS

We analyzed all hospitalizations of patients undergoing EMB (OPS-
codes 1-497.0, 1-497.1, 1-497.2) in Germany during the observa-
tional period between the years 2005 and 2019 (source: RDC of the
Federal Statistical Office and the Statistical Offices of the federal
states, diagnosis-related groups [DRG] Statistics 2005-2019, and
own calculations).

In Germany, patients' diagnoses are documented based on the
coding guidelines ICD-10-GM (International Classification of Dis-
eases, 10th Revision with German Modification). In addition,
diagnostic, surgical, and interventional procedures are coded based

on established OPS-codes (surgery, diagnostic, and procedures codes

[Operationen- und Prozedurenschliissel]).*®~*? The Federal Statistical
Office of Germany (Statistisches Bundesamt, Wiesbaden, Germany)
gathers all data from hospitalized patient cases of German hospitals
coded and processed according to the DRG system.'%~%?

In the present study, we selected and included all hospitalizations
of patients with performed EMB identified by the OPS-codes 1-497.0,
1-497.1, 1-497.2 during the observational period 2005-2019 in
Germany. The identified and included hospitalization cases of this
15-year observational period were subdivided according to their year
of hospitalization in three 5-year cycles: the first period includes the
years 2005-2009, the second period the years 2010-2014 and the
third period comprises the years 2015-2019.

We analyzed the study sample for temporal trends and
differences regarding patient characteristics inclusive patients' comor-
bidity profile, additional treatments, and outcomes between the
patients who underwent EMB during these three different 5-year

cycles.

2.1 | Study endpoints and in-hospital adverse
events

The primary study outcomes were defined as presumable major as
well as minor EMB-associated complications. While presumable
major EMB-associated complications comprised in-hospital death,
ischemic stroke [ICD code 163], transient ischemic attack [ICD code
G45], hemopericardium [ICD code 131.2], ventricular flutter/fibrilla-
tion [ICD code 149.0], implantation of a pacemaker [OPS codes 5-
377.0-5-377.3], implantation of cardiac resynchronization therapy
[CRT; OPS code 5-377.4], and implantation of implantable
cardioverter-defibrillator [OPS code 5-377.5-5-377.7], presumable
minor EMB-associated complications included the conditions angina
pectoris [ICD code 120], ventricular tachycardia [ICD code 147.2],
atrioventricular block [ICD codes 144.0-144.3], and pericardial
effusion [ICD code 31.3]). Additionally, in-hospital death of all causes
was analyzed singularly as another primary outcome. The secondary
study outcome implied major adverse cardiac and cerebrovascular
events (MACCE, the composite outcome of all-cause in-hospital
death, acute myocardial infarction [ICD-code 121], and/or ischemic
stroke [ICD-code 163]). Furthermore, the frequency of the adverse in-
hospital outcomes pneumonia (ICD-codes J12-J18), deep venous
thrombosis and/or thrombophlebitis of the lower legs (ICD-code 180),
pulmonary embolism (ICD-code 126), acute renal failure (ICD-code
N17), myocardial infarction (ICD-codes 121-122), stroke (ischemic or
hemorrhagic, ICD-code 161-164), ischemic stroke [ICD-code 163],
intracerebral bleeding (ICD-code 161), gastrointestinal bleeding (ICD-
code K92.0, K92.1, K92.2), transfusion of blood constituents (OPS-
code 8-800), and pericardial effusion or hemopericardium (ICD-codes

131.2 and 131.3) were investigated and assessed.
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2.2 | Definitions

Obesity was defined according to the recommendations of the World
Health Organization as a body mass index =30 kg/m?.2° Shock and
cardiopulmonary resuscitation were both defined in accordance with

current European guidelines.?*"23

2.3 | Ethical aspects

By German law, approval by an ethical committee and patients' in-
formed consent were not required for the epidemiological studies of
the German nationwide inpatient sample since these study did not
involve direct access of the study investigators on data of individual

patients, but only on aggregated summarized data.

2.4 | Statistical methods

Temporal trends regarding annual and age-related hospitalizations of
patients with EMB and temporal trends of treatments and adverse in-
hospital outcomes of patients who underwent EMB were calculated.
Linear regressions were used to assess trends overtime, and the
results are shown as beta (B) with corresponding 95% confidence
intervals (Cl). For further temporal comparisons, we subdivided the
15-year observational period of the present study into three different
5-year cycles comprising the years 2005-2009, 2010-2014, and
2015-2019 and compared the three periods. Descriptive statistical
comparisons of patients who underwent EMB during the three
different 5-year cycles were calculated as absolute numbers and
corresponding percentages. We tested the comparison of the three
different 5-year cycles for statistical difference with the help of the
Kruskal-Wallis Test.

In addition, we analyzed differences between the first and last
5-year cycle with logistic regressions. For this purpose, we compared
the last 5-year cycle including the years 2015-2019 with the first
5-year cycle 2005-2009 (defined as the reference). We adjusted the
logistic regressions used for analyzing (l) associations of being
hospitalized in a later 5-year cycle with the different outcomes and
(I1) associations of being hospitalized in a later 5-year cycle with the
usage of treatments for age, sex, obesity, cancer, HF, coronary artery
disease, hyperlipidaemia, chronic obstructive pulmonary disease,
essential arterial hypertension, renal insufficiency (glomerular filtra-
tion rate [GFR] <60 mL/min/1.73 m?), diabetes mellitus, and atrial
fibrillation/flutter.

These comparisons between hospitalizations during the first
versus last investigated 5-year cycle computed by adjusted logistic
regressions were performed for all patients with EMB regardless of
age and additionally in the age subgroups <30 years, 30-59 years,
and 260 years.

Statistical significance was presumed for p <.05 (two-sided).
Statistical analyses were performed with the software SPSS® (version
20.0; SPSS Inc.).

R W1 LEY "

3 | RESULTS

Between 2005 and 2019, 67 745 in-hospital EMBs were documented in
Germany. Annual total numbers of EMB increased from 3083 in the year
2005 to 5646 in 2019 (B 0.40 [95% Cl 0.37-0.43], p <.001) (Figure 1A).
The highest number of EMB were performed in patients between the 5th
and 7th decade of life, but decreased statistically with growing age (B per
age-decade -1.44 [95% Cl -145 to -1.42], p<.001) (Figure 1B).
Indications to perform EMB and identified pathologies are illustrated in
Figure 2. Cardiomyopathy was coded as the leading pathology in more
than 50% of all EMB cases, followed by myocarditis. History of heart
transplantation was the reason for performed EMB in approximately 1/5
of the cases.

3.1 | Temporal trends of hospitalizations and
patients' characteristics of patients with
performed EMB

Of the aforementioned 67 745 EMB interventions, 19 083 (28.2%)
were performed between 2005 and 2009, 22 867 (33.7%) between
2010 and 2014, and 25 795 (38.1%) during the period between 2015
and 2019 (Table 1).

Although the median age of patients was only slightly higher in the
later 5-year cycles, the proportion of patients aged 270 years was
approximately 7% higher in the last observational period (2015-2019)
compared with the first observational period (2005-2009) (Table 1).
Patients undergoing EMB in later years (2015-2019) were more
symptomatic as indicated by a higher NYHA-functional class. Importantly,
patients who underwent an EMB in later 5-year cycles had an
unfavorable comorbidity profile, reflected by a higher Charlson Comor-
bidity Index and an increasing prevalence of cardiovascular comorbidities
(Table 1). In contrast, history of heart transplantation as the primary cause
of EMB decreased from 28.5% of all EMB during the timeframe
2005-2009 to 17.7% during the period 2015-2019 (Table 1).

3.2 | Temporal trends of complications, in-hospital
case-fatality, and other adverse outcomes and
interventional/surgical treatments of patients with
performed EMB

The prevalence of major complications was highest in the second
5-year cycle (12.4%, 2010-2014) und lowest in the last 5-year cycle
(2015-2019) with 10.7% (Table 1). In contrast, the prevalence of
minor complications increased constantly from 17.4% in the first to
20.7% in the last investigated 5-year cycle. In-hospital case-fatality
demonstrated a slightly higher value in 2015-2019 (1.7%), compared
to the first (1.4%) and second (1.5%) 5-year cycles (p =.006). The
frequency of ischemic stroke increased also overtime (0.7%, 1.0%,
1.5%, p <.001) (Table 1).

To analyze annual temporal trends, we calculated unadjusted

linear regressions. While total annual numbers of major complications
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FIGURE 1 Temporal trends of performed endomyocardial biopsy (EMB) and presumable minor or major EMB-associated complications.
(A) Temporal trends of performed EMB and rate of presumable minor or major EMB-associated complications stratified for treatment year
(2005-2019). (B) Temporal trends of performed EMB and rate of presumable minor or major EMB-associated complications stratified for

age decades.

did not changed significantly overtime during the observational
period (B -0.0004 [95% Cl -0.0010 to -0.0001], p =.142), annual
numbers of presumable minor complications (B 0.0028 [95% CI
0.0021-0.0035], p <.001), and annual numbers of in-hospital case-
fatality (B 0.0004 [95% ClI 0.0002-0.0006], p=.001) increased
slightly from 2005 to 2019 (Figure 1A).

The total numbers of major complications (B 0.0056 [95% CI
0.0043-0.0070], p <.001) and minor complications (B 0.0066 [95%
Cl 0.0049-0.0083], p <.001) as well as the annual numbers of in-
hospital case-fatality (8 0.0018 [95% Cl 0.0013-0.0024], p <.001)
increased with growing age-decade (Figure 1B).

In addition, MACCE rate increased overtime in light of aggravated
patient characteristics (Table 1). Ventricular assist devices were distinctly
more often implanted in the patients who underwent EMB during the
hospitalizations in the two later 5-year cycles than during 2005-2009
(2005-2009: 260; 2010-2014: 455; 2015-2019: 505). In contrast, heart
transplantation surgeries were less often performed during later years
(2005-2009: 948; 2010-2014: 919; 2015-2019: 895) (Table 1).

3.3 | Comparison of the last versus first 5-year
cycle (2015-2019 vs. 2005-2009) regarding
complications, adverse in-hospital outcomes
independently of age, sex, and comorbidities

For these analyses, we compared the last 5-year cycle (2015-2019)
versus the first 5-year cycle 2005-2009 (defined as the reference)
and adjusted the logistic regressions for age, sex, and comorbidities.

@ Cardiomyopathy

4.0% O History of heart

transplantation

E Myocarditis

B Amyloidosis

[ Others

FIGURE 2 Pathologies associated with endomyocardial biopsy.

EMB performed during the years 2015-2019 was independently
associated with lower prevalence of major complications (OR 0.921
[95% CI 0.893-0.950], p <.001), but higher rate of minor complica-
tions (OR 1.067 [95% Cl 1.042-1.093], p <.001) and unchanged in-
hospital case-fatality (OR 0.993 [95% Cl 0.918-1.074], p =.856)
(Table 2).

In addition, EMB procedures performed during the last 5-year
cycle (2015-2019) were independently associated with higher
MACCE rate (OR 1.136 [95% CI 1.081-1.193], p <.001), mainly
driven by increased numbers of ischemic stroke (OR 1.300 [95% CI
1.186-1.426], p <.001) (Table 2). Further time-trends of interven-
tional/surgical treatments showed the following changes: While total
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TABLE 1 Baseline characteristics, medical history, presentation, and outcomes of the 67 745 patients with EMB stratified for the three

analyzed timeframes (2005-2009, 2010-2014, and 2015-2019).

EMB during the period

Parameters 2005-2009 (19 083; 28.2%)
Age 52.0 (41.0-62.0)

Age 270 years 1770 (9.3%)

Female sex? 5323 (27.9%)

In-hospital stay (days) 5.0 (2.0-13.0)

Obesity 1633 (8.6%)

NYHA functional class

NYHA <11 2481 (13.0%)
NYHA I 3459 (18.1%)
NYHA IV 2527 (13.2%)
Not classified according to 10 616 (55.6%)

NYHA classification

Comorbidities

Charlson Index 2.25+1.93
Cancer 388 (2.0%)
Coronary artery disease 4946 (25.9%)
Cardiomyopathy 9134 (47.9%)
Heart failure 9193 (48.2%)
Myocarditis 1689 (8.9%)
Atrial fibrillation/flutter 3312 (17.4%)
Peripheral artery disease 254 (1.3%)
Amyloidosis 419 (2.2%)
Chronic obstructive pulmonary 938 (4.9%)
disease

Essential arterial hypertension 6284 (32.9%)
Hyperlipidemia 4677 (24.5%)
Diabetes mellitus 2752 (14.4%)
Renal impairment (acute and 5257 (27.5%)

chronic kidney impairment)

Chronic renal insufficiency 1811 (19.5%)
(glomerular filtration rate
<60 mL/min/1.73 m?

History of heart transplantation 5438 (28.5%)
Adverse events during hospitalization
Presumable EMB-associated complications

Presumable major EMB-associated 2101 (11.0%)
complications

In-hospital death 269 (1.4%)
Ischemic stroke 130 (0.7%)
Transient ischemic attack 47 (0.2%)
Hemopericardium 123 (0.6%)

EMB during the period
2010-2014 (22 867; 33.7%)

53.0 (42.0-63.0)
3163 (13.8%)
6689 (29.3%)

6.0 (2.0-13.0)

1929 (8.4%)

3320 (14.5%)
5481 (24.0%)
4066 (17.8%)
10000 (43.7%)

2.67+2.14
497 (2.2%)
6954 (30.4%)
12439 (54.4%)
13364 (58.4%)
1909 (8.3%)
4632 (20.3%)
362 (1.6%)
735 (3.2%)
1125 (4.9%)

8510 (37.2%)
5918 (25.9%)
3668 (16.0%)
5752 (25.2%)

3499 (15.3%)

4814 (21.1%)

2788 (12.2%)

334 (1.5%)
230 (1.0%)

55 (0.2%)
153 (0.7%)

EMB during the period
20152019 (25 795; 38.1%)

54.0 (42.0-64.0)
4156 (16.1%)
7494 (29.1%)

6.0 (2.0-13.0)
2068 (8.0%)

3796 (14.7%)
6823 (26.5%)
5468 (21.2%)
9708 (37.6%)

3.01£2.29
555 (2.2%)
8081 (31.3%)
13806 (53.5%)
16 661 (64.6%)
2527 (9.8%)
6067 (23.5%)
450 (1.7%)
1561 (6.1%)
1298 (5.0%)

10156 (39.4%)
6923 (26.8%)
4099 (15.9%)
7494 (29.1%)

4697 (18.2%)

4564 (17.7%)

2760 (10.7%)

451 (1.7%)
386 (1.5%)

58 (0.2%)
246 (1.0%)

p Value
<.001
<.001
.005
<.001
.086

<.001

<.001

572
<.001
<.001
<.001
<.001
<.001

.002
<.001

.802

<.001
<.001
<.001
<.001

<.001

<.001

<.001

.006
<.001
.886
<.001

(Continues)
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TABLE 1 (Continued)

EMB during the period EMB during the period EMB during the period
Parameters 2005-2009 (19 083; 28.2%) 2010-2014 (22 867; 33.7%) 20152019 (25 795; 38.1%) p Value
Ventricular flutter/fibrillation 262 (1.4%) 398 (1.7%) 521 (2.0%) <.001
Implantation of pacemaker 289 (1.5%) 325 (1.4%) 280 (1.1%) <.001
Implantation of CRT 16 (0.08%) 26 (0.11%) 38 (0.15%) .149
Implantation of implantable 1250 (6.6%) 1649 (7.2%) 1214 (4.7%) <.001
cardioverter-defibrillator
Presumable minor EMB-associated 3327 (17.4%) 4542 (19.9%) 5333 (20.7%) <.001
complications
Angina pectoris 934 (4.9%) 883 (3.9%) 821 (3.2%) <.001
Ventricular tachycardia 1313 (6.9%) 1792 (7.8%) 2168 (8.4%) <.001
Atrioventricular block 652 (3.4%) 924 (4.0%) 1158 (4.5%) <.001
Pericardial effusion 757 (4.0%) 1408 (6.2%) 1790 (6.9%) <.001
Other adverse in-hospital events
MACCE 649 (3.4%) 1046 (4.6%) 1337 (5.2%) <.001
Stroke (ischemic or hemorrhagic) 163 (0.9%) 276 (1.2%) 440 (1.7%) <.001
Myocardial infarction 289 (1.5%) 562 (2.5%) 595 (2.3%) <.001
Cardiopulmonary resuscitation 377 (2.0%) 478 (2.1%) 566 (2.2%) 278
Pericardial effusion or 869 (4.6%) 1551 (6.8%) 2016 (7.8%) <.001
hemopericardium
Pulmonary embolism 103 (0.5%) 132 (0.6%) 225 (0.9%) <.001
Deep venous thrombosis and/or 121 (0.6%) 210 (0.9%) 300 (1.2%) <.001
thrombophlebitis
Pneumonia 742 (3.9%) 1236 (5.4%) 1811 (7.0%) <.001
Acute renal failure 586 (3.1%) 1015 (4.4%) 2154 (8.4%) <.001
Shock 382 (2.0%) 729 (3.2%) 1254 (4.9%) <.001
Intracerebral bleeding 16 (0.08%) 34 (0.15%) 57 (0.22%) .001
Gastrointestinal bleeding 61 (0.32%) 96 (0.42%) 146 (0.57%) <.001
Transfusion of blood constituents 1655 (8.7%) 1972 (8.6%) 2136 (8.3%) .250
Treatment
PCI 404 (2.1%) 623 (2.7%) 862 (3.3%) <.001
PCI with bare metal stent 184 (1.0%) 171 (0.7%) 25 (0.1%) <.001
PCI with drug-eluting stent 143 (0.7%) 321 (1.4%) 678 (2.6%) <.001
Coronary artery bypass graft 36 (0.2%) 50 (0.2%) 23 (0.1%) .001
TAVR 0 (0%) 9 (0.04%) 36 (0.14%) <.001
Percutaneous edge-to-edge mitral 0 (0%) 11 (0.05%) 42 (0.16%) <.001
regurgitation valve repairs with
the MitraClip® implantation
Heart valve surgery 81 (0.4%) 116 (0.5%) 85 (0.3%) .010
Implantation of pacemaker 289 (1.5%) 325 (1.4%) 280 (1.1%) <.001
Implantation of CRT 16 (0.08%) 26 (0.11%) 38 (0.15%) .149
Implantation of implantable 1250 (6.6%) 1649 (7.2%) 1214 (4.7%) <.001

cardioverter-defibrillator
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TABLE 1 (Continued)

EMB during the period
2005-2009 (19 083; 28.2%)

197 (1.0%)

Parameters

Catheter ablation for the treatment

of cardiac arrhythmias
Ventricular assist device 260 (1.4%)
Heart transplantation 948 (5.0%)

Pericardial puncture 199 (1.0%)

Note: Bold values indicate statistical significance at p < .05 (two-sided).

EMB during the period

R W1 LEY "

EMB during the period

2010-2014 (22 867; 33.7%) 20152019 (25 795; 38.1%) p Value
334 (1.5%) 588 (2.3%) <.001
455 (2.0%) 505 (2.0%) <.001
919 (4.0%) 895 (3.5%) <.001
329 (1.4%) 420 (1.6%) <.001

Abbreviations: CRT, cardiac resynchronization therapy; EMB, endomyocardial biopsy; MACCE, major adverse cardio-cerebral-vascular events; NYHA,
New York Heart Association; PCI, percutaneous coronary intervention; TAVR, transcatheter aortic valve replacement.

2Information available for 67 742 patients.

numbers of ventricular assist devices remained in their frequency
statistically unchanged (p =.069) after adjustment for age, sex, and
comorbidities, heart transplantations decreased independently (OR
0.690 [95% Cl 0.656-0.725], p<.001) from the first to the last
investigated 5-year cycle (Table 2).

In the age-dependent analyses, occurrence of major complication
decreased independently 2015-2019 versus 2005-2009 in the age
groups <30 years (OR 0.837 [95% Cl 0.763-0.918], p <.001), 30-59
years (OR 0.926 [95% Cl 0.887-0.966], p <.001) and 260 years (OR
0.947 [95% ClI 0.897-0.999], p=.047), while minor complication
increased in patients aged 30-59 years (OR 1.105 [95% CI
1.069-1.144], p <.001), but not in the age groups 260 years (OR
1.028 (0.985-1.073), p=.205) and <30 years (OR 1.001 [95% CI
0.931-1.075], p=.987) (Table 3).

4 | DISCUSSION

The recommendations regarding the indications of EMB and the
selection of patients for EMB were updated several times during the
last decades. Nowadays, EMB is an established invasive procedure in
daily cardiological routine.?*?> Beside the most frequent use of EMB
for the monitoring of heart transplant rejection, EMB plays a vital role
with regard to establishing the diagnosis of several cardiac disorders,
including HF of unknown reason, cardiomyopathies, myocarditis,
drug-induced cardiotoxicity, amyloidosis, other infiltrative and
storage disorders as well as cardiac tumors.?*"2” Improvements in
EMB equipment and techniques, in combination with significant
progress regarding the histological and immune-histochemical ex-
aminations, analysis, and validity of the EMB specimens and samples,
resulted in a significant improvement in diagnostic precision and
usefulness of EMB.%2° Previously published studies have shown that
EMB is a widely safe procedure, and the changes overtime in
interventional approach regarding localization of EMB (right vs. left
ventricle) as well as procedure access (radial vs. femoral) seem not to
have a significant impact on adverse events in patients undergoing
EMB in large volume centers.*?® Nevertheless, data of large

nationwide studies including low volume as well as mid- and high-

volume centers in respect to total annual EMB numbers are sparse;
especially, for central Europe these data are missing. Thus, our study
aimed to close this gap and to illustrate trends in EMB usage, rates of
EMB-related and nonrelated adverse in-hospital events, and pa-
tients' accompanied treatment approaches.

The results of the present study can be summarized as follows:

() Overall, more than 67 000 EMB were performed in Germany
between 2005 and 2019. Annual total numbers of EMB
continuously increased during this investigated timeframe.

(1) Most patients who had to undergo EMB were most frequently
aged between the 5th and 7th age-decade of life.

(1) Patients who underwent EMB in the later 5-year cycles were
older and sicker, reflected by a higher dyspnoea level in co-
prevalence with an aggravated comorbidity profile.

(IV) Major complications decreased from 2005-2009 to
2015-2019, whereas prevalence of minor complications
increased during the same period. While the decrease in major
complications was regardless of age, the increase of minor
complications was observed in patients aged 30-59 years but
not in the younger and older age group.

(V) While MACCE rate increased overtime, driven by an increase of
ischemic stroke, in-hospital case fatality remained unchanged.

(V1) Total numbers of major complications and minor complications,
as well as annual numbers of in-hospital case-fatality, increased
with patients' age.

(V1) Since the annual numbers of EMB procedures, which were
performed to establish the diagnosis of different cardiac
disorders, increased overtime, the proportion of annual EMB
procedures in patients with a history of heart transplantation as
a primary cause of EMB decreased from 2005 to 2019.

In accordance with our study results, national trend analyses of
the United States of America (US) observed a steady increase of the
annual numbers of the in-patient EMB procedures overtime.?’
Similarly to the US, patients who underwent EMB were predomi-
nantly of male sex,?? whereas the median age of German patients
with EMB was slightly higher than those of the US.?° In Germany,
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TABLE 2 Comparison of first and last investigated 5-year cycles (years 2005-2009 vs. 2015-2019) of patients with myocardial biopsy

(univariate and multivariate logistic regression model).

Presumable major EMB-associated complications
Presumable minor EMB-associated complications
In-hospital death
MACCE
Myocardial infarction
Pneumonia
Deep venous thrombosis or thrombophlebitis
Pulmonary embolism
Acute renal failure
Shock
Cardiopulmonary resuscitation
Stroke (ischemic or hemorrhagic)
Ischemic stroke
Transient ischemic attack
Intracerebral bleeding
Gastrointestinal bleeding
Transfusion of blood constituents
Pericardial effusion or hemopericardium
Hemopericardium
Pericardial effusion
Ventricular flutter/fibrillation
Angina pectoris
Ventricular tachycardia
Atrioventricular block
Treatment

PCI

Coronary artery bypass graft
TAVR

Percutaneous edge-to-edge mitral regurgitation valve repairs
with the MitraClip® implantation

Heart valve surgery

Implantation of pacemaker

Implantation of CRT

Implantation of implantable cardioverter-defibrillator
Catheter ablation for the treatment of cardiac arrhythmias
Ventricular assist device

Heart transplantation

Pericardial puncture

Univariate regression model

Multivariate regression model®

OR (95% Cl)

0.984 (0.955-1.014)
1.106 (1.081-1.133)
1.116 (1.034-1.204)
1.246 (1.188-1.307)
1.239 (1.154-1.330)
1.366 (1.308-1.427)
1.358 (1.221-1.510)
1.273 (1.133-1.431)
1.696 (1.619-1.777)
1.582 (1.492-1.676)
1.055 (0.988-1.127)
1.419 (1.297-1.553)
1.488 (1.347-1.644)
0.955 (0.788-1.156)
1.625 (1.231-2.144)
1.332 (1.147-1.547)
0.975 (0.943-1.008)
1.333 (1.280-1.389)
1.241 (1.112-1.384)
1.312 (1.259-1.367)
1.211 (1.126-1.302)
0.799 (0.761-0.838)
1.111 (1.073-1.151)

1.149 (1.095-1.206)

1.264 (1.191-1.342)

0.687 (0.529-0.893)

0.881 (0.756-1.026)
0.845 (0.778-0.918)
1.326 (0.990-1.776)
0.839 (0.806-0.874)
1.495 (1.379-1.622)
1.202 (1.115-1.297)
0.829 (0.791-0.869)

1.253 (1.151-1.364)

p Value
296
<.001
.005
<.001
<.001
<.001
<.001
<.001
<.001
<.001
111
<.001
<.001
.635
<.001
<.001
.140
<.001
<.001
<.001
<.001
<.001
<.001

<.001

<.001

<.001

.102
<.001

.058
<.001
<.001
<.001
<.001

<.001

OR (95% ClI)

0.921 (0.893-0.950)
1.067 (1.042-1.093)
0.993 (0.918-1.074)
1.136 (1.081-1.193)
1.148 (1.067-1.235)
1.248 (1.193-1.305)
1.268 (1.138-1.412)
1.206 (1.071-1.358)
1.493 (1.423-1.567)
1.455 (1.371-1.544)
0.961 (0.899-1.029)
1.300 (1.186-1.426)
1.363 (1.232-1.509)
0.914 (0.752-1.110)
1.494 (1.128-1.978)
1.168 (1.002-1.362)
0.853 (0.823-0.884)
1.245 (1.194-1.298)
1.086 (0.971-1.215)
1.250 (1.199-1.304)
1.211 (1.125-1.303)
0.777 (0.740-0.817)
1.073 (1.035-1.112)

1.113 (1.060-1.169)

1.148 (1.077-1.223)

0.597 (0.455-0.782)

0.806 (0.689-0.943)
0.824 (0.757-0.898)
1.155 (0.857-1.559)
0.798 (0.765-0.832)
1.508 (1.388-1.638)
1.075 (0.994-1.161)
0.690 (0.656-0.725)

1.193 (1.093-1.301)

p Value
<.001
<.001
.856
<.001
<.001
<.001
<.001
.002
<.001
<.001
.255
<.001
<.001
365
.005
.047
<.001
<.001
150
<.001
<.001
777
<.001

<.001

<.001

<.001

.007
<.001
344
<.001
<.001
.069
<.001

<.001

Note: The first 5-year cycle (2005-2009) was determined as the reference cycle. Bold values indicate statistical significance at p < .05 (two-sided).

Abbreviations: Cl, confidence interval; CRT, cardiac resynchronization therapy; EMB, endomyocardial biopsy; MACCE, major adverse cardiac and
cerebrovascular events; OR, odds ratio; PCI, percutaneous coronary intervention; TAVR, transcatheter aortic valve replacement.

2Adjusted for age, sex, obesity, cancer, heart failure, coronary artery disease, hyperlipidemia, chronic obstructive pulmonary disease, essential arterial

hypertension, renal insufficiency (GFR < 60 mL/min/1.73 m?), diabetes mellitus, and atrial fibrillation/flutter.
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most patients who underwent EMB were frequently aged between
the 5th and 7th age-decade.

Our study results revealed important changes in the patient
characteristics and comorbid profile of patients who underwent EMB
overtime during the observational period (2005-2019), which might
be partly the result of and explained by the expanded spectrum of
indications evoked by adaptations in respect of the guideline
recommendations to perform EMB in an increasing number of
patients with unclear cardiac diseases.?*"2” In this context, patients
who underwent EMB later during the 15-year observational period
were more often aged 270 years and showed an aggravated
comorbid profile. In line with the suggestion that primarily the

324-27 might explain this shift,

change in guideline recommendations
the proportion of EMB in patients with unclear acute cardiac disease
manifestations increased. In contrast, the proportion of planned
control EMB in patients with a history of heart transplantation
decreased. Remarkably, it is well known that both complication and
case-fatality rates were substantially higher in EMB procedures in
patients with native hearts (and acute and/or unknown cardiac
diseases) compared to heart-transplanted patients with control
EMB.??0 |n this context, we observed a substantial increase in the
total numbers of major and minor complications and annual numbers
of in-hospital case-fatality with patients' age. However, taking the
age shift and aggravated comorbid profile of the patients undergoing
EMB into account, major complications decreased from the time-
frame 2005-2009 in comparison to the period 2015-2019. In
contrast, the prevalence of minor complications increased during the
same period. While the decrease in major complications was seen
regardless of age and therefore, in all age groups, the increase
regarding the occurrence of minor complications was observed in
patients aged 30-59 years only.

The results of our study suggest an increased safety of EMB on a
nationwide scale, as reported for smaller cohorts in the past.}2-125
Despite an annually increasing vulnerability of the patient group (with
older age and aggravated comorbidity profile) undergoing EMB in
combination with a decreasing proportion of planned control EMB in
patients with a history of heart transplantation, the technical progress
with improvements mainly driven by the use of smaller and more
flexible bioptomes result in lower complications rates and might play
key roles for this improvement of safety outcomes.'>3! Besides
these technical improvements, the increasing annual numbers of
EMB indicated for increased interventionalists' experience regarding
EMB in later years of the observational period, which might also
influence the safety outcomes beneficially.>12242532-35 This is in line
with previously published studies, demonstrating that higher EMB-
procedure volumes were associated with lower complication rates
after/peri-procedural.>%2535 However, the annual number of EMB
per operator, which is required to maintain the procedural skills, is
still under debate. Recently, it has been suggested that the
procedures per operator should exceed at least 20 procedures per
year, but in other recommendations of the appropriate medical

societies at least 50 procedures per operator per year.>?°

R W1 LEY "

Remarkably, despite MACCE rate increase in our study overtime
primarily driven by the increase of ischemic stroke, the in-hospital
case-fatality revealed unchanged after adjustment for age, sex, and
comorbidities. While the increase in myocardial infarction and
ischemic stroke overtime might be partly attributed to the higher
age and aggravated comorbid profile of the patients undergoing EMB
in later years, the increasing frequency of ischemic stroke might also
be explained by higher numbers of left ventricular biopsies. Although
it has been reported that both left ventricular EMB and right
ventricular EMB are safe procedures with similar major complication

13,14

rates if performed by experienced interventionalists, ischemic

stroke was reported as major complication in 0.3%-0.7% of studies in
high-volume centers when left ventricular EMB was performed.?®14
In contrast, our real-world data of all-comers included in the German
nationwide inpatient demonstrated a prevalence of ischemic strokes
in patients who underwent EMB 2015-2019 of 1.5% (of all
hospitalizations with performed EMB procedures in Germany). The
high prevalence of ischemic stroke about EMB might be, on the one
hand, driven by increasing numbers of left ventricular EMB, but on
the other hand, driven by increasing patient age. In addition, the
differences regarding the prevalence of the detected peri-procedural
ischemic strokes might be the result of higher complication rates in
hospitals with low EMB numbers since the German inpatient sample
included all hospitalizations of patients with EMB regardless of EMB
center volume, which is an important difference regarding studies of
single high-volume centers.

Remarkably, we detected distinctly higher proportions regarding
the combined outcomes of major and minor complications based on
the present definitions of our study than in already published
studies.’®'* The higher rates of major and minor complications as
combined outcomes in our study compared to other studies might be
primarily attributed to differences in the definitions of the combined
outcomes minor and major complications in the different studies.
Additionally, due to the nature of the administrative data structure of
the German nationwide inpatient sample, we could not verify that all
of the peri-procedural adverse in-hospital outcomes and treatments
were directly EMB related, but might also be the result of aggravation
of the underlying disease, especially the performed interventional
and surgical treatment, which were included in the combined
outcomes of major and minor complications.*>*%3! Nevertheless,
the primary objective of the present study focusing on the
identification of time trends regarding outcomes and safety of the
EMB interventions with decreasing major complications in recent
years could be impressively established.

In this context, it must be mentioned that increasing numbers of
EMB performed in patients with unclear cardiac diseases in
combination with low left-ventricular output lead to a higher number
of implanted ventricular assist devices in the patients who underwent
EMB during the hospitalization 2010-2019 compared to those
treated between 2005 and 2009. In contrast, heart transplantation
surgeries were less often performed during later years in patients

who underwent EMB, which might be explained by the German

85US01 T SUOWIWIOD SA1E8.D 3dedtdde Ly Aq peusenob aJe ol O ‘8sN JO S9|nJ 10} A%eiqi8UlJUQ A8]I/ UO (SUONIPUOD-PUR-SULIBYWO0D A8 | 1M ARe.q|1|BU UO//:SdNL) SUONIPUOD puUe SWB | 811 89S *[£202/2T/ET] Uo ARIqITauluO A8]IM ‘ZU N YBYIoIqIcSIRIS BAIUN AQ 86TYZ D10/200T OT/I0P/LI0Y" A8 IM AreIqjuluO//SdNY WOy pepeojumoa ‘0 ‘LE8ZE6T



19328737, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/clc.24198 by Universitétshibliothek Mainz, Wiley Online Library on [13/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3
s
a4
w
-
o uone||Lqy
~ 100> (0Z9'T-0ST'T) S9€'T 100> (009'T-0ST'T) 9SE'T 100> (¥ZE€T-£80'T) 00C'T 100> (¥ZET-T60°T) 20T'T LL0° (P6ET-€860) TLT'T 650" (€0¥'T-7660) 18T'T /491N]} JendLIIUSA
100> (66E€T-86T'T) S6C'T 100> (STS'T-90E'T) LOV'T 100> (9S€'T-66T'T) SLTT 100> (ET¥'T-€ST'T) OEE'T 2200 (PIET-T2O'T) 6ST°T S00° (6¥€T-¥SO'T) €6T'T uoisnya |eipiedstiad
99z (P¥ET-TC60)EITT  9T0°  (S6¥'T-T¥0'T) 8¥C'T £80°  (9¥E€'T-0860) 6711 100"  (£TST-6TT'T) LOE'T 9%T"  (¥80°'T-085°0) £6£°0 1T (8TT'T-609°0) 5280 wnipJestadowaH
wnipJeduadoway
100> (TLET-S8T'T) SLT'T 100> (C6t°'1-86Z°T) T6E'T 100> (0VE'T-E6T'T) ¥92'T 100> (TT¥'T-09Z°T) ¥EE'T 860"  (¥¥C'1-786°0) SOT'T 920"  (8/Z'T-910°T) OVT'T Jo uoisnya |elpledtiad
Sjuanliisuod
100> (906'0-¥6L0) 8780  STO"  (166'0-LL80) TE60 100> (T26'0-¥€8°0) 9480 009" (090'T-£96°0) TIO'T 680"  (ZTO'T-Z¥80) €260 S9Z°  (9€0°'T-0880) G560 poojq jo uoisnjsuel)
€20°  (6€8'T-910°T) L8E'T 100> (Y9T°C-€ST'T) LV9'T 879" (S8C'T-9580) 870°T 8yT"  (ET¥'T-6¥6'0) 8ST'T G8C  (ZT1°2-£08°0) COS'T 0SC°  (8€T'C-T¢g0) GZE'T  8ulpas|q [eunsajuionse
90 95¥'€-696'0) 928'T €80°  (8€T'€-0€6°0) 9€L'T £L20°  (LET'T-8VO'T) L6V'T P00 (98€7C-T8T'T) 6491 8/T  (LS8'T-OVL0) ¥St'T S0€  (0SL'T-62L0)9I¥'T SuIpa3)q |edgaiadeljul
GTL  (8L¥'T-T9L°0) 190'T 295 (20S'T-208°0) L60°T 280"  (€€0'T-885°0) 6££°0 obT  (0£0°'T-919°0) 2180 €6 (8€8'T-0CS'0) LL60 €99°  (02T'C-029°0) 9¥T'T  >2e1je dlwayds| Jusisuel]
100> (V68'1-69Z°T) 055°T 100> (I186'T-VVE'T) ZEF'T 100> (S85°T-91C'T) 88€'T 100> (SELT-9EE'T) €2S'T 164 (V8E'T-T6L0) 90T STy (69¥'1-€58°0) 0ZT'T 33043S DIWAYIS|
(213eyaioway
100> (6€LT-€ITT) ES¥'T 100> (S08'T-#/T°T) LIS'T 100> (/87 T-0LT'T) 61€T 100> (T€9'T-88CT'T) 6771 9% (9T#'T-2S8°0) 660°'T €97 (PL¥'T-6680) ISTT 10 dlwiayasl) aons
uoljendsnsal
056 (LET'1-988°0) ¥OO'T  ¥2O°  (C6T'T-810°T) LYT'T 98 (€11'1-8160) TT0°T €v0°  (60C°T-€00°'T) TOT'T €00°  (126'0-899°0) ¥8L0 900"  (I¥6'0-889°0) S08°0 Ateuowindolpied
T00> (8L9'T-TEE'T) G61'T 100> (0T8T-SS¥'T) 8Z9'T 100> (V95 T-9€€T) 9PP'T 100> (969'T-9S1'T) TLS'T 100> (V€8 T-VVE'T) 0LS'T 100> (2S8'T-0LE'T) €65°T }o0ys
100> (€89'T-SZH'T) 65T 100> (926'T-2v9'T) 8LL'T 100> (€99 T-/SP'T) LSS'T 100> (0€8°'T-TI9'T) LTL'T 00" (8T¥'T-TLO'T) 9€T'T 100> (¥OS'T-T1°T) OIE'T aunjiey [euas andy
885" (C0ET-198°0) 650°'T 16 (62€T-1680) T60°T €00°  (€8¥'1-G80°T) 89C'T 100> (€4G°'T-LST'T) 6VE'T €v0°  (9€5°C-ST0°T) S09'T 8¢0°  (€19'C-8S0°T) ¢99'T wsljoqua Aleuownd
siga|ydoquioayy Jo
69" (€92°T-5980) S¥O'T €87 (¥ZE€1-1260) SOT'T 100> (199'T-8€C'T) vEV'T 100> (/8L'T-8EE'T) 9¥S'T 1T (LLL1-S€6°0) 68CT 160" (664T-856'0) ZIET  slsoquiodyy snouaa daag
100> (SZE'T-LCT'T) 22C'T 100> (E9V'T-¥ST'T) ¥SE'T 100> (06E€T-62C°T) LOE'T 100> (TTS'T-OVE'T) €TYV'T €10°  (6T€T-EE0'T) L9T'T 00"  (86€'T-8S0'T) 68T'T eluownaud
€88 (FCT'T-¥06'0) 800'T  TIO®  (99T'T-620°T) Tv1'T 100> (SZ¥'T-0ST'T) 08C'T 100> (6S¥'T-¥8T°T) ¥IE'T 9TT  (959'T-9+6°0) TST'T #9T  (685'T-526°0) CIC'T uoldJejul [BIPIEI0AIN
€10°  (961°'1-120°T) SOT'T 100> (9€€T-0ST'T) 6€C'T 100> (28TT-¥IT'T) S6T'T 100> (€9€T-88T°T) 2/LT'T 6L,  (T6T°T-£/8°0) 220'T LY (TETT-P16°0) T90'T 300V
968" (SPT'T-€68°0)CI0T 800"  (LI€T-THO'T) TLT'T 669" (660'T-698°0) LL60 v (66T'T-556°0) 0L0'T 08 (CZITT-¥LL0) 6960 926 (2€T'T-56L°0) 0660 eap |eyidsoy-uj
suopjesldwod
pajelnosse
G0T°  (€£0'T-S86°0) 820'T 100> (9%T'T-950°T) 00T'T 100> (PP1'T-690°T) SOT'T 100> (€4LT'T-860°T) SET'T /86"  (SL0'T-TE60) TOO'T veL  (980°'T-€¥6°0) ZTO'T  -9INT Joulw djqewnsald
V.. suonjeddwod
—Un_ pajeldosse
et YO (666'0-L680) Y60  S¥T  (#80'T-086°0) TEO'T 100> (996'0-£88°0) 9260 ST (L10°'T-LE6°0) 9260 100> (8T6'0-£9£°0) LEB'O 100 (€76'0-£840) 1980  -d3 Jofew 3|qewnsald
W anjep d (1D %S6) 4O anjea d (ID %S6) 4O  anjea d (ID %S6) 4O  anjep d (ID %S6) 4O  anjea d (1D %S6) 4O  anjepA d (12 %56) 4O

<|[opow uoissa3au ajereAn|y

|opow uoissaiSau djeLeAlun

[opow uoissa18a1 djeLeAINA

|opow uoissai3a. djeLeAlun

[opow uoissa18a1 djeLeAINA

|opow uoissai3a. djereAlun

s1eak 09z dnous a8y

s1eak G-0g dnous a8y

sieah og> dnous a3y

'SIB9A 093 pue ‘siedA 4G-QE ‘sIeaA OE> sdnoud a3e Joj palyliel)s
(]spow uolissal3dal 2135130| ajeleAlINW pue 3jeleAlun) Asdolq [eipJedoAw yim sjuailed JO (6TOZ-STOZ 'SA 6002-S00Z SI1eaA) S9|2AD JesA-G pajediisaAul 3se| pue Jsiiy Jo uosedwo) ¢ 379V L

10 of 13



19328737, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/clc.24198 by Universitétshibliothek Mainz, Wiley Online Library on [13/12/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

11 of 13

“1aInj4/uone||uqy [elje pue ‘snjjjjaw ssjaqelp (W e/LT
JUlw/Tw 09 > ¥Y49) Adusidiyinsul jeuad ‘uoisusiiadAy [el1alie [elluasse ‘aseasip Adeuownd aA11oNJISqO dluodyd ‘elwapidiiadAy ‘asessip Alslie Aleuolod ‘aunjies 1eay ‘4aoued ‘A1saqo ‘xas ‘a8e Joy paisnipy,

‘Juawade|dal SA[BA D13I0E JUd)ayjedsuel] YAV ‘UoIuUdAISIUI Aleuolod

m snoauejnduad ‘|Dd ‘011t SPPO ‘YO ‘SIUSAS JENISBA0ICSI3D pue deiped 3siaApe Jolew ‘JDIVIN ‘Asdolq |eipiedsoAwopus ‘giAg ‘Adesay) UoIjeziuoiyduAsal Jeipied ‘1 YD {eAldjul 92USpIIUOd ‘| :SuoljeliAalqqy
— ‘(popIs-oMm]) GO' > d 1e aduedlIusis |ed1sIIeIs a1edIpul sanjeA plog "9|2A2 92UaJ9)a4 9Y) Se PaulwIRIap Sem (600Z-5007) 3[2Ad JesA-g 11y ay] 210N
—
W <00’ (r9r'1-260'T) G9C'T 100>  (OV9'T-T¥T'T) LTV'T LEOD (86Z'1-800'T) ¥¥1'T 920’ (TOE'T-£T0'T) OST'T 9L (FT€T-618°0) LEO'T €19’ (ove'1-2¥8°0) T90'T ainpund |eipiediad
100> (PT£°0-£LS0) ¢¥9°0 100> (1€8°0-¥89°0) ¥SL°0 100> (1S£°0-299°0) SOL'0 100> (616°0-818°0) £98°0 00 (££6°0-0T£'0) G180 0€0 (986'0-65£°0) 598°0 uonejue|dsuesy peaH
9IAP
N_ 100° (€£9°T-¥¥T'T) ¥8E'T 100> (PLLT-L2TT) SLY'T 990° (6TC'T-766°0) TOT'T 100> (L6€T-SVT'T) S9T'T 98T (TL0'T-€££°0) 0T6°0 ey (L60'T-108°0) 8€6'0 JsISse JeJndoLIJUSA
.S selwyAyLIe deIpIed
m JO Juswjeas; ay}
ﬂlb_ 100> (8€L'T-SLT'T) 68Y'T 100> (18£'T-2CE'T) GES'T 100> (0S8'T-SS¥'T) OV9'T 100> (8C8'T-S¥i'1) SCT9'T G680 (00¥'1-8£6'0) OLT'T 060 (06€'T-9£6'0) S9T'T 404 uone|qe Iv3ay3ie)
Jo3e||lqysp
-19dA0IpJed
s|qejuejduwi
100> (268°0-TLL'0) 6280 100 (I156'0-828°0) £88'0 100> (¥¥8'0-55S£°0) 86£°0 100> (188'0-06£°0) ¥€8°0 100> (£08'0-£19°0) £0£°0 100> (908'0-519°0) ¥0L0 Jo uonejueldw
f478 (VL9'1-€69°0) LLOT 790’ (£92°CT-926°0) 88T 4274 (£16'1-€52°0) T0CT €6€’ (S€6'T-TLL'0) TTTT vov (S66'T-081°0) 6650 474 (r€0'C-¥81°0) ¢T9°0 13D Jo uonejuedw
J9xewaded
190° (900°T-19£°0) S£8°0 8/ (090'T-L18°0) T€6'0 200° (626'0-52£°0) 0280 100" (€26'0-S2L0) 8180 100> (808'0-E££¥°0) 8190 100> (€08°0-¥/¥'0) L19°0 1o uonejueldw
200’ (E¥8°0-8£¥°0) S€9°0 ST0°  (6€6'0-8¥S°0) LIL0 68C (00T'T-£2£°0) ¥68°0 0gL (181'1-88L°0) 5960 691 (8G£'T-659°0) 9£0'T £88°  (089'T-8€9°0) 9€0°'T A1a3ins anjeA HesH
uonejue|dwi
odlDBINN
9yl yum saiedaus
aAleA uoile}i8indau
|esyiw a8pa
R R R R - - - - - - - - -0}-98pa snoaueindiad
- - - - - - - - - - - - IAVL
yess
910° (¥06°0-18€°0) L850 190"  (810°T-ZS¥°0) 8490 200° (£08°0-28€°0) SSS°0 00" (¥€6'0-0S¥°0) 8790 eLL (¢L6€-65€°0) €6T'T oL (0L0'7-69€°0) S2T'T  ssedAq Aiapie Aleuolo)d
608 (¥0T'T-526°0) TTO'T 100> (T6TT-L60°T) 06T°T €00° (£82°T-SSO0'T) S9T'T 100> (89€T-ZET'T) v¥T'T 100> (828'C-S4S'T) TTT'C 100> (PI€T-9€€T) 8SL'T 10d
juswijeas|
T1€0°  (26T°T-600T)960T  TOO> (862 T-80T'T) 661°T 100"  (LTZ'T-€S0'T) CET'T 100> (0€Z'T-890°T) 9¥T'T €8 (¢€T'T-858°0) S86°0 8L (SCT'T-958°0) 1860 20]q JBINJLIUSACLIY
€5T (CTT'T-2£6°0) OVO'T 10" (SST'T-LI0T) ¥80°T 100> (84T'T-690'7) 2CT'T 100> (1ZTT-0TT'T) ¥9T°T 626 (20T'T-668°0) S66°0 068 (ETT'T-TT6°0) LOOT elpJedAyoe) JejnoLjusp
100> (654°0-8%9°0) TOL'0O 100> (56£°0-£89°0) 6€L°0 100> (088'0-£9£°0) 2280 100> (€88'0-2/L0) 5280 T0S (9€T°T-0££°0) SE€6'0 €1€  (L60'T-81L0) 9060 s1032ad eulsuy
. anea d (1D %S6) 4O °nea d (ID %S6) 4O  anea d (ID %56) 4O  2njepa d (ID %S6) 4O  anfea d (ID %S6) 4O  anjea d (1D %S6) 4O
Fd <I2pow uoissaidal ajeleARN |opow uoissalSal djeleAlUN  [9POW UOISSaISal 9jeleAl}N|A| |opow uoIssaigal djeleAIUN  [9POW UOISSaISal d)eLIeAl}N|A| |9pow uoissaiSau ajelieAlun
m s1eak 09z dnous a8y sieah ¢G-0g dnoisd a8y s1edh og> dnois a8y
o
w
—
2 (penunuod) € 374VL
4



KELLER ET AL.

12 of 13
22 Lwicey-

organ transplant scandal with stagnating cardiac transplant numbers
in later years.3¢%7
Since EMB is in most hospitals only performed in a small number

32538 gnalyses

of patients with the exception of high-volume centers,
of large cohorts including patients with EMB treated in high-, mid-,
and low-volume centers and especially of nationwide inpatient
samples are of outstanding interest to identify important trends on
performed procedures, patient characteristics and complications of

patients who had undergo EMB.1¢%7

5 | LIMITATIONS

Certain limitations regarding our study require consideration: First,
the study results are based on ICD and OPS discharge codes of
inpatients. This might lead to incomplete data based on under-
reporting/under-coding. Second, data about the administration of
medications are not available in the data set of the Federal Statistical
Office of Germany. Third, we could not provide follow-up data.
Fourth, we could not distinguish between left and right ventricular
EMB as well as ultrasound-guided versus fluoroscopy-guided EMB.
Fifth, the exact timing and course of adverse events/complications
during hospitalization (i.e., whether it was present on admission or a
complication during the hospital stay) could not be determined,
whereby EMB is a selective procedure that will in the vast majority,
only be performed in stable settings and not in acute emergencies
during adverse events. Thus, adverse in-hospital events are presum-

able in the vast majority peri-procedural complications.

6 | CONCLUSIONS

Annual total numbers of EMB increased significantly in Germany between
2005 and 2019. Although patients with EMB in later years were in
median older with an aggravated and more severe comorbidity profile,
major complications decreased during the observational period.
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