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Abstract

Aims With the present study, we sought to determine the safety of three different endomyocardial biopsy (EMB) access
routes in 514 patients admitted for diagnostic workup of heart failure of unknown aetiology.
Methods and results In this retrospective monocentric cohort study, we analysed 514 consecutive patients with heart fail-
ure without evidence of significant coronary artery disease or valvular disease undergoing EMB between November 2013 and
December 2018, stratified in three access route groups: transradial arterial left ventricular (LV‐)EMB (323 patients),
transfemoral LV‐EMB (138 patients), and transfemoral right ventricular (RV‐)EMB (53 patients). Patients undergoing selective
transradial LV‐EMB were older compared with patients undergoing selective transfemoral LV‐EMB or RV‐EMB [transradial LV‐
EMB: 56.0 (45.0/64.0) vs. transfemoral LV‐EMB: 53 (42.5/64.5), P = 0.455; transradial LV‐EMB: 56 (45.0/64.0) vs. RV‐EMB: 53
(42.5/64), P = 0.695] and presented more often in New York Heart Association‐functional class III and IV. A total of eight major
complications including permanent atrioventricular block requiring pacemaker implantation, pericardial tamponade necessitat-
ing pericardiocentesis, stroke and transient cerebral ischaemic attack as well as severe valvular damage, vascular access site
complications, and ventricular fibrillation were documented with no significant differences between the groups (8/514,
1.5%). Minor complications such as transient chest pain, non‐sustained electrocardiogram abnormalities, and transient atrio-
ventricular block were rare and equally distributed between groups.
Conclusions Transradial LV‐EMB is a safe procedure for experienced radial operators and non‐inferior compared with
transfemoral LV‐EMB and RV‐EMB. An accurate peri‐procedural and post‐procedural monitoring and follow‐up care should
be recommended for all patients undergoing this procedure in order to identify potential complications.
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Introduction

Although improvements in diagnostics and treatment of heart
failure (HF) over the past decades have increased survival and
reduced hospitalization rates, HF is still a major cause of mor-
bidity andmortality worldwide.1 The aetiology of HF is likely to
be multifactorial, and the underlying pathology cannot always

be detected by established non‐invasive diagnostic proce-
dures (i.e. echocardiography, electrocardiogram, and cardiac
magnetic resonance imaging), even though an accurate diag-
nosis is mandatory in order to provide the most appropriate
therapy for the patient. In this context, endomyocardial bi-
opsy (EMB) has been demonstrated to improve diagnostics
of unexplained HF in the majority of cases2 as it provides
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important information concerning the degree of tissue dam-
age and the presence of inflammation.

Based on a position paper of the European Society of Car-
diology Working Group on Myocardial and Pericardial Dis-
eases, EMB is recommended in all patients to identify the
presence of inflammatory infiltrates and subsequently to pro-
vide an aetiology‐based treatment strategy.3 EMB guidelines
recommend EMB in any patient with HF that does not ade-
quately respond to optimal medical therapy within 3 months
of continued therapy, or that presents with haemodynamic
or electrophysiologic instability.4 The safety of EMB has sig-
nificantly improved in the past years. This is mainly due to
the use of smaller and more flexible bioptomes resulting in
low complication rates comparable with those observed dur-
ing diagnostic coronary angiography5 without any differences
compared with regard to major and minor complications be-
tween left ventricular (LV) biopsy and right ventricular (RV)
biopsy.6 No differences have been reported in terms of diag-
nostic accuracy, except one study that indicated a diagnostic
superiority of biventricular EMB compared with selective
LV‐EMB or RV‐EMB.6 In general, the femoral artery is the pre-
ferred access site when LV‐EMB is performed, usually requir-
ing an 8F sheath to allow passage of the biopsy forceps. The
transfemoral access, however, is associated with an increased
risk of bleeding due to the need of large diameter sheaths,
and strict post‐procedural immobilization for several hours
is mandatory. For diagnostic coronary angiography and per-
cutaneous coronary interventions, the radial artery has
emerged as the preferred access site in experienced centres
and is also recommended by the guidelines of the European
Society of Cardiology for the interventional therapy of coro-
nary artery disease.7–9 Compared with the femoral access,
the transradial approach has been demonstrated to cause
less major bleeding complications and vascular access site
complications.10,11 Establishing improved and sheathless
guide catheters, LV‐EMB is nowadays feasible via the
transradial access. To date, only a few small‐scale studies
have reported about the safety12,13 and non‐inferiority of
the transradial procedure with regard to complications com-
pared with the transfemoral access for LV‐EMB.14 With the
present study, we sought to analyse the safety of transradial
LV‐EMB compared with both transfemoral LV‐EMB and
transfemoral RV‐EMB in a large sample of 514 consecutive
patients of an all‐comer population with HF of unknown
aetiology.

Methods

Study population

In the present retrospective monocentre study, we analysed
514 consecutive patients of an all‐comer population with HF

of unknown aetiology without evidence of significant coro-
nary artery disease or valvular disease undergoing EMB be-
tween November 2013 and December 2018 at the
Department of Cardiology of the University Medical Center
Mainz. The patients were stratified in three groups according
to access site (i.e. transradial LV‐EMB vs. transfemoral
LV‐EMB vs. RV‐EMB). Selective LV‐EMB via transradial access
was conducted in 323 patients, selective LV‐EMB via
transfemoral access in 138 patients, and selective RV‐EMB
in 53 patients. Based on the patients’medical reports, the fol-
lowing data were included in the analysis: personal history,
clinical presentation, medication, laboratory results, electro-
cardiogram, echocardiography, and results of EMB. In order
to screen for complications associated with EMB, medical re-
ports and reports of the EMB procedure were thoroughly
screened by a board‐certified cardiologist.

Echocardiography

A comprehensive transthoracic echocardiography was per-
formed in all patients in the echocardiographic laboratory of
the University Medical Center Mainz using a Philips ie33, a
GE E95, or a Siemens Acuson S 2000 machine to examine car-
diac function. To assess LV ejection fraction, LV chamber size,
diastolic function, valvular disease, the thickness of the
inferolateral and interventricular septal wall, the pressure gra-
dient across the tricuspid wall, and pericardial effusion, the
examination included two‐dimensional and M‐mode imaging,
as well as colour‐flow Doppler, continuous‐wave Doppler, and
pulsed‐wave Doppler. Within the examination, patients were
also screened for obstacles for LV‐EMB such as a diameter
of the lateral LV wall <8mm or non‐compaction cardiomyop-
athy (which are both associated with an increased risk of myo-
cardial perforation). Additionally, patients were also screened
for relevant aortic valve stenosis.

Laboratory analyses and patient preparation

Routine laboratory tests were performed in all patients be-
fore EMB to assess coagulation and/or platelet disorders. In
case of permanent oral anticoagulation therapy, an interna-
tional normalized ratio value of <3.0 was required prior to
all aforementioned procedures. Routine laboratory also in-
cluded detection of biomarkers (i.e. levels of troponin and
BNP) as well as a blood count. An Allen’s test was performed
in all patients undergoing LV‐EMB via the transradial access
to assure the patency of the ulnar artery.

Sheaths and sheathless guiding catheter system

The 7.5F Eaucath system (Asahi Intecc) was originally de-
signed as a sheathless guiding catheter for the use in
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transradial coronary interventions.15,16 It has an outer hy-
drophilic coating in order to facilitate its introduction, to re-
duce pain, and to prevent radial artery spasm. Two different
braiding patterns provide better torque stability and flexibil-
ity, while helping to maintain the lumen. Its outer diameter
is 2.49 mm and smaller than that of a regular 6F introduc-
tion sheath (2.62 mm). With an inner diameter of
2.05 mm (0.081″), these guiding catheters are suitable for
the passage of a 1.8 mm biopsy forceps without any signifi-
cant increase in friction. For RV‐EMB, we used a 9F FastCath
system. For transfemoral LV‐EMB, we used either an 8F MP
GC system or a 7.5F Eaucath system (Asahi Intecc;
sheathless).

Left ventricular and right ventricular
endomyocardial biopsy

All procedures were performed by experienced interven-
tional cardiologists trained in transradial artery and
transfemoral artery access for percutaneous coronary inter-
ventions for several years in our department. In case of LV‐
EMB, biopsies were taken from the lateral wall of the LV,
whereas in case of RV‐EMB, biopsies were taken from the
RV septum. Patients undergoing LV‐EMB through the radial
access received 5000 IU unfractionated heparin and 0.2 mg
nitroglycerin intra‐arterial to prevent radial artery occlusion
or spasms. Patients undergoing LV‐EMB through the femo-
ral access only received 5000 IU intra‐arterial, whereas pa-
tients undergoing RV‐EMB did not routinely receive heparin
nor nitroglycerin. No heparin was administered
intra‐procedurally in both patients undergoing LV‐EMB
through the radial artery and patients undergoing LV‐EMB
through the femoral artery if they were treated with
vitamin‐K antagonists and laboratory results documented
an international normalized ratio >2.5. In case of elective
EMB procedures and concomitant direct oral anticoagulant
therapy, the drug was paused 24 h before the procedures.
Use of heparin was monitored intra‐procedurally by mea-
suring the activated clotting time (target activated clotting
time: >250 s). In all patients irrespective of the access site,
the same type of biopsy forceps (Medwork bioptom,
180 cm, 1.8 mm, Cat. No. BIO‐C4‐18‐180) was used. The
technical aspects of EMB through the radial artery have
been described in detail previously.13

Intra‐procedural and post‐procedural patient
monitoring

During the EMB procedure, heart rhythm and invasive
blood pressure were continuously monitored, and the pa-
tient was connected to self‐adhesive defibrillator patches.

Each patient was monitored for at least 30 min after the
procedure (including non‐invasive blood pressure measure-
ment, heart rate, and oxygen saturation) within the
cathlaboratory facility. A transthoracic echocardiogram was
performed immediately after the procedure to rule out rel-
evant pericardial effusion. Upon arrival at the cardiology
ward, heart rhythm monitoring was continued if desired
by the operator. In all patients, a transthoracic echocardi-
ography was repeated the next day in order to
re‐evaluate pericardial effusion and mitral regurgitation.
For all patients, independent of access site and targeted
ventricle (i.e. RV‐EMB and LV‐EMB), aspirin of 100 mg
(once daily) was prescribed for 4 weeks to prevent throm-
bus formation/arterial embolism originating from the biopsy
sites except for patients being under permanent oral
anticoagulation.

Major and minor complications

Major complications included permanent atrioventricular
(AV) block requiring pacemaker implantation, pericardial
tamponade necessitating pericardiocentesis, stroke and tran-
sient cerebral ischaemic attack as well as severe valvular
damage, dissection of the radial artery, access site bleeding,
and ventricular fibrillation/death. Transient chest pain,
non‐sustained electrocardiogram abnormalities, transient
AV block, and small pericardial effusion were defined as mi-
nor complications.

Ethical aspects

Studies in Germany involving retrospective analysis
of diagnostic standard data do not require an ethics
statement.

Statistical analysis

Descriptive statistics for relevant baseline comparisons of
symptomatic HF with reduced ejection fraction patients,
who underwent EMB, stratified according to different EMB
access routes were compared. The group of patients with
transradial LV‐EMB, as the reference group, was compared
with both access routes: transfemoral LV‐EMB and
transfemoral RV‐EMB. Statistic comparison is provided as me-
dian and interquartile range or absolute numbers and corre-
sponding percentages. We tested the continuous variables
of the groups using the Mann–Whitney U test and categorical
variables with the Fisher’s exact test or the χ2 test, as appro-
priate. IBM Statistical Package for the Social Sciences was
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used for computerized testing. A probability value <0.05 was
considered statistically significant.

Results

Patient characteristics, functional parameters,
and laboratory results

Our study population consisted of 514 patients. Transradial
artery access for LV‐EMB was conducted in 323 patients; in
138 patients, LV‐EMB was performed through the femoral ac-
cess; and transvenous transfemoral RV‐EMB was carried out
in 53 patients. On the average, seven samples were taken
per patient in the transradial LV‐EMB group [7 (5/7)] and in
the transfemoral LV‐EMB group (7 [6/7]), whereas only five
samples were taken per patient in the RV‐EMB group [5 (3/
7)]. Patients undergoing selective transradial LV‐EMB were
older compared with patients undergoing selective
transfemoral LV‐EMB or selective RV‐EMB [transradial LV‐
EMB: 56.0 (45.0/64.0) vs. transfemoral LV‐EMB: 53 (42.5/
64.5), P = 0.455; transradial LV‐EMB: 56 (45.0/64.0) vs. RV‐
EMB: 53 (42.5/64), P = 0.695]. Furthermore, we documented
a pronounced cardiovascular risk profile in patients consid-
ered for transradial access, especially a higher prevalence of
arterial hypertension (transradial LV‐EMB: 53.2% vs.
transfemoral LV‐EMB: 35.5%, P < 0.001; transradial LV‐
EMB: 53.2% vs. RV‐EMB: 49.1%, P = 0.601) and a higher prev-
alence of smoking (transradial LV‐EMB: 44% vs. RV‐EMB:
37.7%, P = 0.39). Although patients in the transradial
LV‐EMB group presented more often in higher New York
Heart Association‐functional class (i.e. New York Heart
Association‐functional class III and IV; transradial LV‐EMB:
48.5% vs. transfemoral LV‐EMB: 36.6%, P = 0.006; transradial
LV‐EMB: 48.5% vs. RV‐EMB: 29.6%, P = 0.004), no significant
differences were observed in terms of LV ejection fraction be-
tween the groups [transradial LV‐EMB: 30% (25/40) vs.
transfemoral LV‐EMB: 30% (20/45), P = 0.464; transradial
LV‐EMB: 30% (25/40) vs. RV‐EMB: 35% (20/55), P = 0.48].
Baseline characteristics of the study population stratified for
access site are depicted in detail in Table 1. Additionally, in-
formation on HF medication at discharge is provided in
Supporting Information, Table S1, and the diagnostic findings
based on EMB are depicted in Supporting Information, Table
S2. While the total number of LV‐EMB through the transradial
access increased significantly between 2013 and 2018 [β‐esti-
mate 1.372 (95% confidence interval, CI, 1.1 to 1.645)], the
total number of LV‐EMB through the femoral access [β‐esti-
mate �1.275 (95% CI �1.58 to �0.971)] and RV‐EMB [β‐esti-
mate �0.783 (95% CI �1.267 to �0.299)] accordingly
decreased. Temporal trends with regard to the choice of ac-
cess site are shown in Figure 1.

Peri‐procedural and post‐procedural
complications

We observed only a few minor and major complications in
our study population with no significant differences between
the three access site groups. Transient pericardial effusion
without haemodynamic relevance was the most frequently
documented minor complication in all three access site
groups (transradial LV‐EMB: 11.2% vs. transfemoral LV‐EMB:
7.4% vs. RV‐EMB: 8.5%; P for difference). Non‐sustained ven-
tricular tachycardia during the procedure was documented in
three patients of the transradial LV‐EMB group and in two pa-
tients of the transfemoral LV‐EMB‐group, respectively,
whereas one patient of the RV‐EMB group developed a tran-
sient high‐degree AV block with no pacing being required.

A total number of eight major complications was docu-
mented. In one patient who was primarily considered for
transradial artery access, we had to switch to the femoral ac-
cess due to a dissection of the radial artery. In the transradial
LV‐EMB group, two patients developed a procedure‐related
stroke, and ventricular fibrillation was documented in one pa-
tient during the insertion of the sheathless guiding catheter,
which could be immediately terminated by external defibrilla-
tion with no impact on the patient’s medical condition.

In the transfemoral LV‐EMB group, severe mitral regurgita-
tion due to chordae rupture was documented in one patient
during the follow‐up echocardiographic examination requir-
ing surgery. Another patient of this group developed a
procedure‐related stroke, and one patient required perma-
nent pacemaker implantation due to a high‐degree AV block.

In the RV‐EMB group, we documented only one major
complication (i.e. permanent pacemaker implantation due
to a high‐degree AV block). All complications stratified for ac-
cess site are depicted in detail in Table 2.

Discussion

To our knowledge, this is the first study to investigate safety
of the transradial artery access for LV‐EMB compared with
established procedures of transfemoral LV‐EMB and
RV‐EMB in one study centre. With the present study, we pro-
vide evidence that the transradial artery access for LV‐EMB is
a safe procedure in high‐volume percutaneous coronary in-
tervention centres, which is non‐inferior compared with the
transfemoral artery access and RV‐EMB.

Several studies have already demonstrated safety and fea-
sibility of LV‐EMB, although these studies predominantly in-
vestigated the transfemoral approach for LV‐EMB compared
with RV‐EMB.6,17,18 In a study by Chimenti and Frustaci, a to-
tal of 4221 patients underwent diagnostic EMB between
1983 and 2010 performed by only two experienced interven-
tional cardiologists, with 2396 patients undergoing
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biventricular EMB, 1153 patients undergoing selective LV‐
EMB, and 672 patients undergoing selective RV‐EMB. In line
with the results of our study, the authors reported very low
rates of major complications (i.e. 0.08% perforation with car-
diac tamponade and 0.22% brain embolization with transient
cerebral ischaemia) with no significant differences between
LV‐EMB and RV‐EMB.18 The fact that no perforation with car-
diac tamponade was documented in our study population
can probably be attributed to a detailed screening pro-
gramme performed prior to EMB. Thus, a diameter of the lat-
eral LV wall <8 mm documented by an echocardiographic

examination was considered a contraindication for LV‐
EMB.13 In the study by Chimenti and Frustaci, all perforations
were observed in patients with a thin LV wall (7.5 ± 1.3 mm),
LV dilatation (72.5 ± 8.5 mm), and severe systolic dysfunction
(20.3 ± 3.3%). Perforations with cardiac tamponade as a ma-
jor complication of EMB have also been reported in a pro-
spective study investigating complications in 546 patients
undergoing RV‐EMB.19 In this particular study, ventricle per-
forations were documented in 0.5% of patients (n = 3) with
two deaths being reported. As mentioned by Chimenti and
Frustaci, EMB should only be performed by experienced

Table 1 Baseline characteristics, medical history, and clinical presentation of the study population stratified for access site

Variables
LV‐EMB (femoral)

N = 138

P‐value for
comparison

between both
LV‐EMB groups

LV‐EMB (radial)
N = 323

P‐value for
comparison

of radial LV‐EMB
and RV‐EMB groups

RV‐EMB (venous)
N = 53

Age (years) 53.0 (42.5/64.5) 0.455 56.0 (45.0/64.0) 0.695 53.0 (42.5/64)
Height (cm) 175 (165.75/180) 0.177 176 (169/182) 0.215 173 (165.5/180)
Weight (kg) 82 (69/95) 0.437 83 (73/97) 0.063 77 (68/92)
BMI (kg/m2) 27.3 (23.6/30.8) 0.956 27 (24/30.85) 0.258 26.1 (23/28.85)
Women, n (%) 50 (36.2%) 0.044 86 (26.5%) 0.32 16 (30.2%)
Classical cardiovascular risk factors

Arterial hypertension 49 (35.5%) <0.001 172 (53.2%) 0.601 26 (49.1%)
Diabetes mellitus 25 (18.1%) 0.74 54 (16.6%) 0.18 5 (9.4%)
Smoking (current or previous) 67 (48.5%) 0.29 142 (44%) 0.39 20 (37.7%)
Dyslipidaemia 28 (20%) 0.38 54 (16.6%) 0.018 16 (30.2%)
Family history of MI/stroke 29 (21%) 0.79 71 (21.8%) 0.15 7 (13.2%)

Functional parameters
Left ventricular ejection fraction (%) 30% (20/45) 0.464 30% (25/40) 0.48 35% (20/55)
LVEDD (mm) 5.9 (5.2/6.6) 0.969 5.9 (5.2/6.6) 0.126 5.5 (4.7/6.4)
LVEDP (mmHg) 17 (11/23) 0.12 19 (14/27) 0.354 18.5 (11/23.75)

Biomarkers at presentation
Troponin I pos. (ng/mL) 23.3 (12.4/96.8) 0.203 22.4 (7.5/75.5) 0.931 28 (5.4/104.4)
BNP 753 (113/1354) 0.065 385 (124/1012) 0.221 241 (73/775)

Symptoms at presentation
Angina pectoris 47 (34%) 0.169 88 (27.2%) 0.47 17 (32.1%)
NYHA I 34 (27.7%) 0.006 for all

NYHA classes
70 (29.5%) 0.004 for all

NYHA classes
12 (27.3%)

NYHA II 44 (35.8%) 52 (21.9%) 19 (43.2%)
NYHA III and IV 45 (36.6%) 115 (48.5%) 13 (29.6%)
Palpitations 18 (13%) 0.894 43 (13.3%) 0.69 6 (11.3%)

Heart rhythm at presentation
Sinus rhythm 121 (87.7%) 255 (79%) 46 (86.8%)
Atrial fibrillation 17 (12.3%) 0.27 68 (21%) 0.201 7 (13.2%)

Oral anticoagulation at presentation
Phenprocoumon 10 (7.2%) 0.92 24 (7.4%) 0.407 6 (11.3%)
Rivaroxaban 4 (2.9%) 0.454 15 (4.6%) 1.0 2 (3.8%)
Apixaban 4 (2.9%) 0.454 15 (4.6%) 1.0 2 (3.8%)
Dabigatran 1 (0.7%) 1.0 3 (0.9%) 1.0 0 (0%)
Edoxaban 0 (0%) — 0 (0%) — 0 (0%)

Median INR at date of EMB 1.9 (1.5/2.3) 0.75 1.8 (1.6/2.0) 0.1 1.4 (1.0/1.8)
Antithrombotic therapy

Aspirin 32 (23.2%) 0.547 66 (20.4%) 0.027 18 (34%)
Clopidogrel 2 (1.4%) 0.73 7 (2.2%) 1.0 1 (1.9%)
Ticagrelor 0 (0%) 0.557 3 (0.9%) 1.0 0 (0%)
Prasugrel 1 (0.7%) 0.302 0 (0%) — 0 (0%)

Combined anticoagulation regimens 0 (0%) — 0 (0%) — 0 (0%)
Biopsy samples

Number of biopsy samples 7 (6/7) 7 (5/7) 5 (3/7)

BMI, body mass index; EMB, endomyocardial biopsy; INR, international normalized ratio; LVEDD, left ventricular end‐diastolic diameter;
LVEDP, left ventricular end‐diastolic pressure; LV‐EMB, left ventricular‐endomyocardial biopsy; MI, myocardial infarction; NYHA, New York
Heart Association; RV‐EMB, right ventricular‐endomyocardial biopsy.
Both femoral access EMB groups were compared with the reference group of radial LV‐EMB.
Bold was used in order to highlight statistical significant differences between the access site groups.
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Table 2 Major and minor complications stratified for access site

Variables

LV‐EMB
(femoral)
N = 138

P‐value for comparisonbetween
both LV‐EMB groups

LV‐EMB
(radial)
N = 323

P‐value for comparison of radial LV‐EMB
and RV‐EMB groups

RV‐EMB
(venous)
N = 53

Minor complications
Transient chest pain 0 (0%) 1.0 1 (0.3%) 0.7 0 (0%)
Non‐sustained VT 2 (1.5%) 0.63 3 (0.9%) 1.0 0 (0%)
Transient AV block 0 (0%) — 0 (0%) 0.131 1 (2%)
Pericardial effusion 10 (7.4%) 0.21 36 (11.2%) 0.802 4 (8.5%)

Major complications
Permanent AV block 1 (0.7%) 0.295 0 (0%) 0.133 1 (2%)
Pericardial

tamponade
0 (0%) — 0 (0%) — 0 (0%)

Stroke/TIA 1 (0.7%) 0.884 2 (0.6%) 0.345 0 (0%)
Vascular access site

complications
0 (0%) 0.653 1a (0.3%) 1.0 0 (0%)

Ventricular fibrillation 0 (0%) 0.517 1b (0.3%) 0.697 0 (0%)
Mitral regurgitationc 1d (0.7%) 0.277 0 (0%) — 0 (0%)
Death 0 (0%) — 0 (0%) — 0 (0%)

AV, atrioventricular; LV‐EMB, left ventricular‐endomyocardial biopsy; RV‐EMB, right ventricular‐endomyocardial biopsy; TIA, transient
ischaemic attack; VT, ventricular tachycardia.
Both femoral access EMB groups were compared with the reference group of radial LV‐EMB.
aRadial artery dissection, conservative management.
bDefibrillation, no resuscitation
cMore than moderate.
dChordae rupture.

FIGURE 1 Temporal trends in the choice of access site from 2013 until 2018. Total numbers of endomyocardial biopsies stratified for access site are
outlined for each year between 2013 and 2018. Additionally, a total number of annually major complications (i.e. permanent atrioventricular block re-
quiring pacemaker implantation, pericardial tamponade necessitating pericardiocentesis, stroke and transient cerebral ischaemic attack as well as se-
vere valvular damage, dissection of the radial artery, access site bleeding, and ventricular fibrillation/death) are illustrated. The black dashed line
indicates the time of implementation of the in‐house feasibility study, the blue dashed line indicates the date of publication of the feasibility study
by Schulz et al., and the red dashed line indicates the time of publication of the European Society of Cardiology guidelines on acute coronary syndrome.
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interventional cardiologists in order to reduce the risk of
procedure‐related complications. Although safety of the fem-
oral artery access for LV‐EMB has been proven, the radial ar-
tery access has gained increasing interest even for LV‐EMB.
This is primarily based on the results of several studies pro-
viding robust evidence in favour of the transradial artery ac-
cess in patients presenting with acute coronary syndrome
undergoing primary percutaneous coronary intervention by
experienced interventional cardiologists. For example, the
Minimizing Adverse Haemorrhagic Events by TRansradial Ac-
cess Site and Systemic Implementation of angioX (MATRIX)
trial compared radial artery with the femoral artery access
in 8404 patients presenting with acute coronary syndrome.20

The results of the trial revealed that the radial artery access
was associated with a significantly lower risks of access site
bleeding (including need for transfusion) and vascular compli-
cations. Moreover, the authors reported a significant mortal-
ity benefit in patients allocated to the radial artery access
site, which was in line with two previously published
trials.10,21 Besides reduced complication rates associated with
the radial artery access, the radial approach also enables an
earlier mobilization of the patients and a potentially earlier
discharge.22

Feasibility and safety of the transradial artery access for
LV‐EMB have at first been described in two small‐scale stud-
ies investigating this approach in 37 patients13 and 42
patients,12 respectively. In the present study, we demon-
strate a transradial artery access success of 99% (322 out of
323), which matches the success rates observed in the afore-
mentioned study by Schäufele et al. (success rate of 98%)12

and a study investigating the transradial approach compared
with the transfemoral approach in a study population
consisting of 264 patients (success rate also 99%).14 In both
studies, the switch to the transfemoral access was mandatory
in case of a severe spasm of the radial artery, whereas in our
study, a dissection of the radial artery necessitated the switch
to the transfemoral access site. Although associated with rel-
evant clinical consequences, access‐site vascular complica-
tions in patients undergoing transradial coronary
procedures are rare23 and include diverse pathologies such
as spasm, occlusion, or perforation of the radial artery,
haematoma, pseudoaneurysm, arteriovenous fistula, and
nerve injury.24 Besides intra‐procedural access site complica-
tions, a recent study revealed a high number of
post‐procedural asymptomatic radial occlusions (50%) docu-
mented by duplex sonography in patients undergoing
LV‐EMB using a sheathless catheter.25 Interestingly, 66% of
patients with documented radial artery occlusion had a pal-
pable ‘radial artery pulse’ on clinical examination. The au-
thors declared that the palpable pulse was not a radial
pulse but rather an ulnar pulse fed by the palmar arch. In
summary, these data indicate the necessity of a structured
examination prior to EMB through the radial artery (confir-
mation of the patency of the ulnar artery).

A recently published study reported no major complica-
tions in conjunction with the transradial and transfemoral ar-
tery access but a spectrum of minor complications that was
similar to that observed in our study.14 Additionally, the au-
thors provide evidence of a significantly higher prevalence
of access site haematoma in patients undergoing
transfemoral LV‐EMB compared with patients undergoing
transradial LV‐EMB. Although Choudhury et al. documented
no major complications in their study, the major complication
rate of 1.5% (8/514) reported in our study is in line with the
results of a study investigating LV‐EMB through the femoral
artery and RV‐EMB with a major complication rate of 1% in-
cluding stroke, haemopericardium necessitating
pericardiocentesis, and AV block temporarily requiring
pacemaker.6

Conductance abnormalities after RV‐EMB have been
analysed in a study, consisting of a retrospective and a pro-
spective part.5 Similar to our study, analysis of the retrospec-
tive part revealed low incidence rates of AV block with no
patients experiencing other conductance abnormalities (i.e.
atrial fibrillation). Especially, patients with a pre‐existing left
bundle branch block (LBBB) were at significantly increased
risk for experiencing total AV block, which is interesting, as
the patient in the RV‐EMB group of our study who developed
total AV block also had LBBB prior to intervention. Therefore,
indication for RV‐EMB should be evaluated thoroughly in pa-
tients with pre‐existing LBBB. As the aforementioned study
by Holzmann et al. outlined significantly higher complication
rates in the prospective part of the study (probably attribut-
able to a more detailed worksheet for each patient covering
all minor complications in the prospective trial), an
underreporting of especially conductance abnormalities
might therefore also be true for our study.

In the present study, we have additionally documented se-
vere mitral regurgitation due to chordae rupture in one pa-
tient undergoing LV‐EMB (transfemoral artery access), a
complication that was not yet reported in studies systemati-
cally investigating LV‐EMB. However, chordae rupture leading
to relevant regurgitation of an AV valve is a complication not
solely attributed to LV‐EMB but has also been reported in pa-
tients undergoing RV‐EMB.26

Finally, the results of our study indicate a significant sex
difference between the amount of transradial artery access
compared with transfemoral artery access (Table 1). The ex-
act reason for the sex differences between different access
sites remains elusive. It might be related to smaller anatomy
and vessel diameters in women who had lower body height
and body mass index as compared with men. As a conse-
quence, radial access site should not be the preferred route
in small or underweight patients, or in individuals with
haemodialysis shunts or prior surgery in the forearm or wrist.

However, the present study has limitations. The study was
conducted as a retrospective single‐centre cohort study. Due
to the single‐centre design, it is questionable whether the
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results of our study (i.e. low major and minor complication
rates in patients undergoing EMB) have a universal validity
or whether they are only valid for high‐volume centres like
our institution. Additionally, the reported complication rate
might be underestimated due to selection bias and other con-
founders related to the non‐prospective study design.

Taken together, the results of the present study indicate
that transradial LV‐EMB is a safe procedure with high success
rate for experienced radial operators and non‐inferior to
transfemoral LV‐EMB and RV‐EMB. An accurate pre‐
procedural, peri‐procedural, and post‐procedural monitoring
and follow‐up care should be recommended for all patients
undergoing this procedure as well as for all patients undergo-
ing LV‐EMB through the femoral artery and RV‐EMB in order
to prevent potential (severe) complications.
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