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Abstract: Background The femoral vein is commonly used as a pacemaker access site during
transcatheter aortic valve replacement (TAVR). Using an upper arm vein as an alternative access
site potentially causes fewer bleeding complications and shorter time to mobilization. We aimed
to assess the safety and efficacy of an upper arm vein as a temporary pacemaker access site during
TAVR. Methods We evaluated all patients undergoing TAVR in our center between January 2020
and January 2023. Upper arm, femoral, and jugular vein pacemaker access was used in 255 (45.8%),
191 (34.3%), and 111 (19.9%) patients, respectively. Clinical outcomes were analyzed according
to pacemaker access in the overall population and in a propensity-matched population involving
165 upper arm and 165 femoral vein patients. Primary endpoint was Bleeding Academic Research
Consortium (BARC) type 2, 3, or 5 pacemaker access site-related bleeding. Results In the overall
population, primary endpoint was lowest for upper arm, followed by femoral and jugular vein access
(2.4% vs. 5.8% vs. 10.8%, p = 0.003). Time to mobilization was significantly longer (p < 0.001) in
the jugular cohort compared with the other cohorts. In the propensity-matched cohort, primary
endpoint showed a trend toward lower occurrence in the upper arm compared with the femoral
cohort (2.4% vs. 6.1%, p = 0.10). Time to mobilization was significantly shorter (480 vs. 1140 min,
p < 0.001) in the upper arm cohort, with a comparable skin-to-skin time (83 vs. 85 min, p = 0.75).
Cross-over from upper arm pacemaker access was required in 17 patients (6.3% of attempted cases
via an upper arm vein). Conclusions Using an upper arm vein as a temporary pacemaker access site
is safe and feasible. Its use might be associated with fewer bleeding complications and shorter time
to mobilization compared with the femoral vein.

Keywords: aortic stenosis; bleeding complications; pacemaker; transcatheter aortic valve replacement

1. Introduction

Aortic stenosis (AS) is the most common valvular heart disease in developed coun-
tries. Randomized trials have demonstrated the noninferiority or even superiority of
transcatheter aortic valve replacement (TAVR) compared with surgical aortic valve replace-
ment in patients with severe AS across the spectrum of surgical risk [1-6].
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During TAVR procedures, a temporary pacing lead is often used for rapid ventricular
pacing. This is indicated during pre- and post-dilation. Moreover, pacing provides a direct
back-up in the case of procedural conduction disturbances. Post-TAVR, the temporary
pacing lead is frequently left in place to overcome conduction disturbances for up to 24 h,
depending on periprocedural electrocardiographic features [7].

In current practice, the femoral vein is the most commonly used temporary pacemaker
access site in patients undergoing TAVR under local anesthesia with or without conscious
sedation. In patients undergoing TAVR under general anesthesia, the jugular vein is
often used as this is the preferred access site by anesthesiologists in some centers. Both
the femoral and jugular vein are prone to access site hematomas due to the anatomic
position and large vessel diameter, occurring in approximately 4-10% of patients [8,9]. In
addition, patients with femoral- or jugular-inserted temporary pacing leads are unable to
mobilize while the pacing lead is still in place to prevent dislocation of the lead. Prolonged
immobilization is a well-established risk factor for postoperative delirium (POD) and
urinary tract infections [10,11], which in turn may lead to prolonged hospitalization with
inherently increased healthcare costs.

The use of an upper arm vein as a temporary pacemaker access site is emerging, but it
has not yet been evaluated in a prospective manner. In this study, we assessed the safety
and efficacy of an upper arm vein as a temporary pacemaker access site during TAVR.
We hypothesize that upper arm vein access might lead to fewer access site hematomas
and a shorter time to mobilization after TAVR compared with either femoral or jugular
vein access.

2. Materials and Methods
2.1. Study Population

In this prospective cohort study, we examined all consecutive patients who underwent
TAVR for severe symptomatic AS at the Radboud University Medical Center between
January 2020 and January 2023. Furthermore, we performed a propensity score (PS)-
matched analysis of only patients who underwent transfemoral TAVR with the use of
an upper arm or femoral vein as a temporary pacemaker access site. Any patients who
required a cross-over of the pacemaker access site were excluded from the PS matching
procedure. Treatment allocation according to current guidelines on the treatment of AS
was performed by a dedicated heart team. The local Medical Research Ethics Committee
provided a waiver since this study did not require an ethical review.

2.2. Procedure

All TAVR procedures were performed according to routine local protocol. Procedures
were performed in a hybrid catheterization laboratory with an operating team consisting of an
interventional cardiologist, a cardiothoracic surgeon, and a cardiothoracic anesthesiologist.

The use of an upper arm vein as a pacemaker access site was introduced in our center
on 17 July 2020. Hereafter, data on pacemaker access sites were prospectively collected
and stored in an electronic database (Castor EDC, Amsterdam, the Netherlands). In most
cases of an upper arm approach for the temporary pacing lead, the superficial basilic vein
was selected. However, due to anatomical variations, sometimes the brachial or cephalic
vein was used to obtain venous access. The selection of which upper arm vein to puncture
was left to the discretion of the operator, who normally chose the most robust vein (as
identified with ultrasound). Over time, an upper arm vein access site was increasingly
used and became the predominant pacemaker access site (Figure S1). All TAVR operators
were skilled in placing the pacing lead through either an upper arm, femoral, or jugular
vein. Importantly, the decision of which pacemaker access site to use was always left to the
discretion of the operator. All patients that underwent transapical TAVR received a jugular
vein pacemaker. Most patients that underwent transaxillary TAVR received a jugular vein
pacemaker as well; however, due to operator preference and patient-specific characteristics,
upper arm or femoral access could also be used.
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In patients in whom an upper arm vein was used as the pacemaker access site, a
floating 5F pacemaker electrode (Pacel Bipolar Pacing Catheter; Abbott) was inserted
through a 6F sheath in an upper arm vein (left or right, at the operator’s discretion)
(Figure 1). In brief, the upper arm was placed in a downward hanging position at a
90-degree angle to the body. A tourniquet was placed around the upper arm (away from
the disinfected area) to enhance the visualization of the upper arm veins with ultrasound.
The veins running through the middle and distal parts of the upper arm were scanned to
identify the most suitable vein for puncture. Robust veins without relevant anatomical
structures (e.g., artery and nerves) in the proximity were considered most suitable for
puncture. After the application of local anesthesia to the area around the selected upper
arm vein, the vein was directly punctured with the needle from the introducer sheath kit
(using ultrasound guidance). In most cases, this was the superficially running basilic vein,
which was punctured slightly proximal to the elbow crease. In case the basilic vein was
not easily accessible, the brachial or cephalic vein could be used as an alternative. After
successful puncture of the vein, the guidewire was inserted through the needle, the needle
was subsequently withdrawn, and the 6F sheath was advanced over the guidewire into
the vessel. After insertion of the pacing lead through the sheath and correct placement of
the lead in the right ventricle, the pacing lead and the sheath were attached to the upper
arm using sterile fixation material (e.g., Tegaderm). In patients in whom the femoral vein
was used as the pacemaker access site, the floating 5F pacemaker electrode was inserted
through a 6F or 7F sheath in the femoral vein (left or right, at the operator’s discretion).
Ultrasound guidance was used in all patients to assist in venous sheath placement, and
angiographic guidance was used for placement of the temporary pacing lead in the right
ventricle. Diagnostic access was obtained via a 6F sheath in either the femoral or radial
artery at the operator’s discretion.

All patients underwent transfemoral TAVR with a self-expanding device (Medtronic
Evolut R, Abbott Portico or Abbott Navitor) or a balloon-expandable device (Edwards
Sapien III or Meril Myval). Pre- and post-dilation were left to the operator’s discretion. All
pacemaker access site-related bleeding was assessed before leaving the catheterization labo-
ratory, directly on arrival at the Cardiac Care Unit, and 24 h after TAVR. Clinical endpoints
were prospectively collected according to the Valve Academic Research Consortium-3
(VARC-3) criteria [12].

2.3. Endpoints

The primary endpoint was clinically relevant pacemaker access site-related bleeding
(bleeding academic research consortium (BARC) type 2, 3, or 5). Secondary efficacy end-
points included time to mobilization after TAVR, duration of hospitalization, skin-to-skin
time, fluoroscopy time, temporary pacemaker dysfunction, need for back-up pacing, and
cross-over of the pacemaker access site. Secondary safety endpoints included BARC type 2,
3, or 5 bleeding not related to the pacemaker access site and early safety (at 30 days) accord-
ing to VARC-3 criteria. All endpoints were prospectively collected and stored using Castor.

2.4. Statistical Analysis

Continuous variables with normal distribution are presented as mean + standard
deviation and were compared using Student’s t-test (in the case of 2 groups) or an analysis
of variance (ANOVA) model (in the case of 3 groups), followed by the Bonferroni test when
findings with the ANOVA model were significant. Non-normally distributed continuous
variables are presented as median with interquartile range (IQR) and were compared
using the Mann—-Whitney U test (in the case of 2 groups) or the Kruskal-Wallis test (in the
case of 3 groups). Categorical variables are presented as a number (percentage) and were
compared using the Chi-Square test.
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Figure 1. Example of a temporary pacing lead in a left upper arm vein. Upper left: Ultrasound-guided

visualization of the vein for temporary pacemaker access. Asterisk denotes the vein. Upper right:
5F temporary pacing lead inserted through a 6F sheath in a left upper arm vein. Lower: Angio-
graphic visualization of the temporary pacing lead trajectory from a left upper arm vein to right
ventricular apex.
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To account for the non-randomized assignment to the pacemaker access site, two
approaches were used. First, for the overall study population, baseline characteristics
were tested in a univariate logistic regression model as predictors for the primary outcome
(pacemaker access site-related bleeding). Variables with p < 0.2 were selected for the
multivariate model. Selected variables were entered at the same time into a model, and the
least significant variable was removed until only variables with a p < 0.05 were left.

Second, patients with a primary transfemoral access site for the TAVR and either an
upper arm or femoral vein approach were separately analyzed. In this subset, PS matching
was also performed. For 1:1 PS matching, optimal pair matching was performed using
the Matchlt package in R [13], which calls functions from the optmatch package [14]. The
matching is optimal in the sense that the sum of the absolute pairwise distances in the
matched sample is as small as possible. The balance between groups was considered
adequate if the absolute value of the mean standardized difference did not exceed 10%.
Matching was performed on the following baseline variables associated with bleeding
after TAVR [15-18]: age, sex, European System for Cardiac Operative Risk Evaluation (Eu-
roSCORE) II, preprocedural estimated glomerular filtration rate, preprocedural hemoglobin
level, prior transient ischemic attack (TIA) or stroke, peripheral artery disease and oral
anticoagulation (OAC), and/or double antiplatelet therapy (DAPT) use at baseline.

Descriptive and comparative statistics were first applied to the overall study popula-
tion, followed by the transfemoral TAVR cohort in whom an upper arm or femoral vein
approach was used, and finally in the 1:1 PS-matched cohort. A two-tailed p-value < 0.05
was considered statistically significant for all tests. All analyses were performed in SPSS
Statistics version 27.0.1.0 (IBM Corporation, Armonk, NY, USA) and R version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Baseline and Procedural Characteristics

Between January 2020 and January 2023, a total of 557 patients underwent TAVR. In
255 (45.8%) patients, an upper arm vein was used as a temporary pacemaker access site,
in 191 (34.3%) patients the femoral vein was used, and in 111 (19.9%) patients the jugular
vein was used. The baseline and procedural characteristics of the overall study population
are shown in Table 1. Mean age was 78.4 & 6.2 years, and 324 (58.2%) patients were men.
Baseline characteristics were well balanced between the three cohorts, except for body mass
index (BMI), coronary artery disease, peripheral artery disease, and mean EuroSCORE
II, which were all significantly higher in the jugular cohort. Mean age was lowest in the
jugular cohort, while the proportion of prior pacemaker implantations was lowest in the
upper arm cohort.

Transfemoral TAVR was the predominant approach in the overall study population
(86.2%), followed by the transaxillary (10.8%) and transapical (3.1%) approaches. The
number of patients undergoing transaxillary or transapical TAVR was significantly higher
in the jugular cohort compared with the upper arm and femoral cohorts. All patients in the
jugular cohort underwent TAVR under general anesthesia, compared with 16.1% and 19.9%
in the upper arm and femoral cohorts, respectively. Details on the significant between-group
differences in the overall study population are displayed in Tables S1 and S2.

Exclusion of patients in whom the jugular vein was used, and those who underwent
transaxillary or transapical TAVR, yielded an unmatched cohort of 429 transfemoral TAVR
patients in whom an upper arm (n = 248) or femoral (n = 181) vein was used as the
pacemaker access site. No significant differences in baseline characteristics nor between the
use of general anesthesia were observed for this study population (Table 2).

PS matching between upper arm and femoral vein patients resulted in 165 pairs
(Figure 2). The baseline and procedural characteristics of the PS-matched cohorts were
well balanced (Table 3). Matching yielded a standardized mean difference (SMD) of 0.064.
Detailed information on the distribution and balance of the PS across upper arm and
femoral cases is depicted in Table S3.
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Table 1. Baseline characteristics, procedural characteristics, and clinical outcomes in the overall

study population.
To(t;l=C5(;l;;)rt Uppe(rnA:lzn5 5C)ohort Fen:gr:llg%hort ]ug(unla=r ﬁ(ﬁlort p Value

Baseline characteristics
Age, years 784 £6.2 78.7£59 787 £6.2 77.0 £ 6.9 0.03
Male sex, 1 (%) 324 (58.2) 151 (59.2) 104 (54.5) 69 (62.2) 0.38
BMI, kg/m? 27.5+5.0 275+47 269 +£4.7 284 £ 6.0 0.04
NYHA class II/1V, n (%) 148 (26.6) 67 (26.3) 47 (24.6) 34 (30.6) 0.52
EuroSCORE I 292 +2.54 2.54 +£1.89 3.07 £2.84 3.52+3.13 0.002
Coronary artery disease, 1 (%) 287 (51.5) 120 (47.1) 98 (51.3) 69 (62.2) 0.03
Peripheral artery disease, n (%) 107 (19.2) 31(12.2) 30 (15.7) 46 (41.4) <0.001
Previous stroke or TIA, n (%) 97 (17.4) 49 (19.2) 30 (15.7) 18 (16.2) 0.59
Prior pacemaker implantation, 7 (%) 39 (7.0) 8(3.1) 24 (12.6) 7 (6.3) <0.001
LBBB, 1 (%) 65 (11.7) 33 (12.9) 26 (13.6) 6(5.4) 0.07
RBBB, 1 (%) 51(9.2) 26 (10.2) 15 (7.9) 10 (9.0) 0.67
MDRD-GFR, mL/min 63+ 19 63+19 62 £ 20 63+19 0.64
Hemoglobin level, mmol/L 79+1.0 8.0+ 1.0 79+09 79 +09 0.28
OAC and/or DAPT use at baseline, 1 (%) 304 (54.6) 133 (52.2) 107 (56.0) 64 (57.7) 0.55
Procedural characteristics
TAVR approach

- Transfemoral, n (%) 480 (86.2) 248 (97.3) 181 (94.8) 51 (45.9) <0.001

- Transaxillary, n (%) 60 (10.8) 7(2.7) 10 (5.2) 43 (38.7) <0.001

- Transapical, n (%) 17 (3.1) 0 0 17 (15.3) <0.001
Valve type

- Self-expanding, 1 (%) 471 (84.6) 214 (83.9) 167 (87.4) 90 (81.1) 0.31

- Balloon-expandable, 1 (%) 86 (15.4) 41 (16.1) 24 (12.6) 21 (18.9) 0.31
General anesthesia, 1 (%) 190 (34.1) 41 (16.1) 38 (19.9) 111 (100) <0.001
Primary outcome
gfel_{ril?t’gg gi j’é(;’i;“z ,p;?:;;ol;‘aker access 29 (5.2) 6 (2.4) 11 (5.8) 12 (10.8) 0.003
Secondary efficacy outcomes
Time to mobilization after TAVR, min 720 [360-1440] 480 [360-1440] 1140 [487.5-1440] 1440 [690-1830] <0.001
Duration of hospitalization, days 55+41 49+38 56+41 6.5+47 0.003
Skin-to-skin time, min 87 + 41 85 + 39 86 + 41 91 + 44 0.49
Fluoroscopy time, min 17 + 11 18 + 13 17 +9 15+ 8 0.07
Duration pacing lead in place, min 1031 £ 1325 993 + 883 756 4= 1222 1601 £ 2028 <0.001
Dysfunction pacemaker, 11 (%) 35 (6.3) 17 (6.7) 11 (5.8) 7 (6.3) 0.92
Back-up pacing required, n (%) 85 (15.3) 42 (16.5) 26 (13.6) 17 (15.3) 0.70
Cross-over pacemaker access site 17 17 0 0 N/A
Secondary safety outcomes
fﬁpﬁf&gi 23000 E}f:i“g% ot related 104 (18.7) 48 (18.8) 38 (19.9) 18 (16.2) 073
VARC-3 early safety composite, 1 (%) 162 (29.1) 64 (25.1) 63 (33.0) 35(31.5) 0.16

Data are presented as mean + standard deviation, median [interquartile range], or as a number (%).
BARC = Bleeding Academic Research Consortium; BMI = body mass index; DAPT = double antiplatelet therapy;
EuroSCORE = European System for Cardiac Operative Risk Evaluation; MDRD-GFR = Modification of Diet in
Renal Disease-glomerular filtration rate; LBBB = left bundle branch block; NYHA = New York Heart Association;
OAC = oral anticoagulation; RBBB = right bundle branch block; TAVR = transcatheter aortic valve replacement;
TIA = transient ischemic attack; VARC = Valve Academic Research Consortium.
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Table 2. Baseline characteristics, procedural characteristics, and clinical outcomes in the unmatched

population of patients undergoing transfemoral TAVR using an upper arm or femoral vein approach.

Total Cohort Upper Arm Cohort Femoral Cohort
(n = 429) (n = 248) (n =181) p Value

Baseline and procedural characteristics
Age, years 79.0 + 5.8 789 + 58 792 +58 0.69
Male sex, n (%) 242 (56.4) 144 (58.1) 98 (54.1) 0.42
BMI, kg/m? 272 +47 275+47 26.8 + 4.8 0.15
NYHA class III/1V, n (%) 106 (24.7) 65 (26.2) 41 (22.7) 0.40
EuroSCORE II 2.70 £2.13 254+ 191 291 £ 2.40 0.08
Coronary artery disease, 1 (%) 204 (47.6) 114 (46.0) 90 (49.7) 0.44
Peripheral artery disease, 1 (%) 48 (11.2) 25 (10.1) 23 (12.7) 0.39
Previous stroke or TIA, 1 (%) 74 (17.2) 48 (19.4) 26 (14.4) 0.18
Prior pacemaker implantation, 7 (%) 32 (7.5) 8(3.2) 24 (13.3) <0.001
LBBB, 1 (%) 55 (12.8) 30 (12.1) 25 (13.8) 0.57
RBBB, 1 (%) 40 (9.3) 25 (10.1) 15 (8.3) 0.57
MDRD-GFR, mL/min 63 £19 63 £19 62 £19 0.43
Hemoglobin level, mmol/L 79+£1.0 8.0+1.0 79+09 0.34
OAC and/or DAPT use at baseline, 1 (%) 229 (53.4) 128 (51.6) 101 (55.8) 0.39
Valve type

- Self-expanding, n (%) 365 (85.1) 208 (83.9) 157 (86.7) 0.41

- Balloon-expandable, 1 (%) 64 (14.9) 40 (16.1) 24 (13.3) 0.41
General anesthesia, 1 (%) 62 (14.5) 34 (13.7) 28 (15.5) 0.61
Primary outcome
Eﬁiﬁlzgs EiSe,c(l)i;Z /p;f,ﬁz;‘aker access 17 (4.0) 6 (2.4) 11 (6.1) 0.06
Secondary efficacy outcomes
Time to mobilization after TAVR, min 600 [360-1440] 480 [360-1440] 1140 [431.25-1440] <0.001
Duration of hospitalization, days 51+39 49+39 53+39 0.29
Skin-to-skin time, min 85 + 40 84 £+ 38 85 =41 0.83
Fluoroscopy time, min 18 =12 18 £13 17+ 9 0.33
Duration pacing lead in place, min 872 £+ 1053 976 + 885 726 £+ 1238 0.02
Dysfunction pacemaker, 1 (%) 28 (6.5) 17 (6.9) 11 (6.1) 0.75
Back-up pacing required, n (%) 67 (15.6) 41 (16.5) 26 (14.4) 0.53
Cross-over pacemaker access site, 1 17 17 0 N/A
Secondary safety outcomes
FOApifezzi 2o ]S:’ll;e‘il”(ﬁ )“Ot related 85 (19.8) 47 (19.0) 38 (21.0) 0.60
VARC-3 early safety composite, 1 (%) 121 (28.2) 63 (25.4) 58 (32.0) 0.13

Data are presented as mean + standard deviation, median [interquartile range], or as a number (%).
BARC = Bleeding Academic Research Consortium; BMI = body mass index; DAPT = double antiplatelet therapy;
EuroSCORE = European System for Cardiac Operative Risk Evaluation; MDRD-GFR = Modification of Diet in
Renal Disease-glomerular filtration rate; LBBB = left bundle branch block; NYHA = New York Heart Association;
OAC = oral anticoagulation; RBBB = right bundle branch block; TAVR = transcatheter aortic valve replacement;
TIA = transient ischemic attack; VARC = Valve Academic Research Consortium.
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557 patients undergoing TAVR between January 2020

and January 2023

255 patients with an upper
arm pacemaker access site

191 patients with a
femoral pacemaker access
site

111 patients with a
jugular pacemaker access
site

8 patients excluded

+* No transfemoral TAVR
7

* Cross-overfroma
different access site: 1

: + No transfemoral TAVR:

26 patients excluded

10
* Cross-overfroma
different access site: 16

1:1 propensity score-matched population:
165 patients with an upper arm and 165 patients
with a femoral pacemaker access site

Figure 2. Flowchart of the study. Flowchart of the study. In the case of a cross-over of the pace-
maker access site, the final access (i.e., the access site used during TAVR procedure) was scored.
TAVR = transcatheter aortic valve replacement.

Table 3. Baseline characteristics, procedural characteristics, and clinical outcomes in the propensity
score-matched population of patients undergoing transfemoral TAVR using an upper arm or femoral
vein approach.

Upper Arm Cohort Femoral Cohort

(n = 165) (n = 165) p Value
Baseline and procedural characteristics
Age, years 793+ 5.6 79.0 £ 5.7 0.69
Male gender, 1 (%) 87 (52.7) 93 (56.4) 0.51
BMI, kg/m? 275+ 44 269 +4.8 0.25
NYHA class III/1V, n (%) 49 (29.7) 38 (23.0) 0.17
EuroSCORE II 2.87 +2.18 297 +247 0.70
Coronary artery disease, 1 (%) 80 (48.5) 83 (50.3) 0.74
Peripheral artery disease, 1 (%) 24 (14.5) 23 (13.9) 0.88
Previous stroke or TIA, n (%) 29 (17.6) 26 (15.8) 0.66
Prior pacemaker implantation, 1 (%) 6 (3.6) 24 (14.5) <0.001
LBBB, 1 (%) 16 (9.7) 24 (14.5) 0.19
RBBB, 1 (%) 15 (9.1) 13 (7.9) 0.77
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Table 3. Cont.

Upper Arm Cohort Femoral Cohort
(n = 165) (1 = 165) p Value

MDRD-GFR, mL/min 62 + 19 62 + 19 0.84
Hemoglobin level, mmol/L 8.0£1.0 79 +0.9 0.58
OAC and/or DAPT use at baseline, # (%) 87 (52.7) 92 (55.8) 0.58
Valve type

- Self-expanding, 1 (%) 142 (86.1) 145 (87.9) 0.62

- Balloon-expandable, 1 (%) 23 (13.9) 20 (12.1) 0.62
General anesthesia, 1 (%) 21 (12.7) 27 (16.4) 0.35
Primary outcome
Eﬁiﬁ I;cg,p: (ZO;OC;), or 5 pacemaker access site-related 4(2.4) 10 (6.1) 0.10
Secondary efficacy outcomes
Time to mobilization after TAVR, min 480 [360-1440] 1140 [420-1440] <0.001
Duration of hospitalization, days 51444 54439 0.50
Skin-to-skin time, min 83 + 36 85 £+ 41 0.75
Fluoroscopy time, min 19 +15 16 +9 0.11
Duration pacing lead in place, min 1002 + 948 745 £ 1276 0.04
Dysfunction pacemaker, 1 (%) 12 (7.3) 9 (5.5) 0.49
Back-up pacing required, n (%) 26 (15.8) 24 (14.5) 0.76
Secondary safety outcomes
SBlf;I,QT(Zf (t(;;}))e 2, 3, or 5 not related to pacemaker access 31 (18.8) 34 (20.6) 0.68

- BARC type 2, 1 (%) 26 (15.8) 21 (12.7) 0.43

- BARC type 3, n (%) 5(3.0) 11 (6.7) 0.12

- BARC type 5, 1 (%) 0 2(1.2) 0.50
Early safety outcomes (at 30 days)

- All-cause mortality, n (%) 2(1.2) 5(3.0) 0.45

- All stroke, 1 (%) 7 (4.2) 12 (7.3) 0.24

- VARC type 2—4 bleeding, n (%) 5(3.0) 12 (7.3) 0.08
el vl el o i e 069

- Moderate or severe aortic regurgitation, 1 (%) 5(3.0) 10 (6.1) 0.19

- New permanent pacemaker implantation, 1 (%) 20 (12.1) 21 (12.7) 0.87

- Surgery or intervention related to device, 1 (%) 0 0 0

- Early safety composite, 1 (%) 39 (23.6) 52 (31.5) 0.11

Data are presented as mean + standard deviation, median [interquartile range], or as a number (%).
BARC = Bleeding Academic Research Consortium; BMI = body mass index; DAPT = double antiplatelet therapy;
EuroSCORE = European System for Cardiac Operative Risk Evaluation; MDRD-GFR = Modification of Diet in
Renal Disease-glomerular filtration rate; LBBB = left bundle branch block; NYHA = New York Heart Association;
OAC = oral anticoagulation; RBBB = right bundle branch block; TAVR = transcatheter aortic valve replacement;
TIA = transient ischemic attack.

3.2. Clinical Outcomes

The clinical outcomes of the overall study population are reported in Table 1. The
primary outcome of clinically relevant (i.e., BARC type 2, 3, or 5) pacemaker access site-
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related bleeding occurred most frequently in the jugular cohort (10.8%), followed by the
femoral (5.8%) and upper arm (2.4%) cohorts (p = 0.003). Of note, all these bleedings were
BARC type 2 bleedings, which are minor bleedings. Median time to mobilization after
TAVR was significantly shortest in the upper arm cohort (480 min), followed by the femoral
(1140 min) and jugular (1440 min) cohorts (p < 0.001). Clinically relevant bleeding not
related to the pacemaker access site and the VARC-3 early safety composite outcome were
comparable between the three cohorts. A cross-over of the pacemaker access site was
required in 17 patients, which all occurred in the upper arm cohort (6.3% in patients in
whom an upper arm approach was attempted). In 16 of these patients, a cross-over to
the femoral vein was performed, and in 1 patient, a cross-over to a contralateral upper
arm vein was performed. The MDRD-GFR (odds ratio [OR] 0.98, 95% confidence interval
[CI]: 0.96-1.00 for every unit increase in estimated GFR; p = 0.02) and a non-upper-arm
pacemaker access site (OR 3.50, 95% CI: 1.39-8.78; p = 0.008) were independently associated
with the occurrence of pacemaker access site-related bleeding (Table 4).

Table 4. Baseline characteristics associated with pacemaker access site-related bleeding in the overall

study population.
Uni\éalr{i?;g ;}:ncall)yses p Value Multgla{rgéi/;\gglyses p Value

Age 1.05 (0.98-1.12) 0.17 1.05 (0.99-1.12) 0.12
Female sex 1.14 (0.54-2.41) 0.74
NYHA class III/IV 1.06 (0.46-2.44) 0.90
EuroSCORE II 1.00 (0.87-1.16) 0.99
Coronary artery disease 1.01 (0.48-2.13) 0.98
Peripheral artery disease 1.10 (0.44-2.78) 0.84
Prior stroke/TIA 1.25 (0.50-3.16) 0.63
MDRD-GFR, mL/min 0.98 (0.96-1.00) 0.02 0.98 (0.96-1.00) 0.02
Hemoglobin level, mmol/L 0.84 (0.57-1.24) 0.37
OAC and/or DAPT use at baseline 1.03 (0.48-2.18) 0.95
Pacemaker access site

- Upper arm Reference Reference

- Femoral 2.54 (0.92-6.99) 0.07 2.47 (0.89-6.85) 0.08

- Jugular 5.03 (1.84-13.78) 0.002 5.68 (2.04-15.80) <0.001
Pacemaker access site

- Upper arm Reference Reference

- Non-upper-arm 3.42 (1.37-8.54) 0.008 3.50 (1.39-8.78) 0.008

DAPT = double antiplatelet therapy; EuroSCORE = European System for Cardiac Operative Risk Evaluation;
MDRD-GFR = Modification of Diet in Renal Disease-glomerular filtration rate; NYHA = New York Heart
Association; OAC = oral anticoagulation; OR = odds ratio; TIA = transient ischemic attack.

Table 2 depicts the clinical outcomes in the unmatched transfemoral TAVR cohort. No
significant differences between the upper arm and femoral cohorts were observed, except
for time to mobilization (480 vs. 1140 min, p < 0.001).

Clinical outcomes in the PS-matched population are displayed in Table 3. The in-
cidence of pacemaker access site-related bleeding was numerically lower in the upper
arm cohort compared with the femoral cohort (2.4% vs. 6.1%, p = 0.10) (Figure 3). The
median time to mobilization after TAVR was significantly shorter in the upper arm cohort
compared with the femoral cohort (480 vs. 1140 min, p < 0.001). The mean duration of
hospitalization (5.1 vs. 5.4 days, p = 0.50), skin-to-skin time (83 vs. 85 min, p = 0.75), and
fluoroscopy time (19 vs. 16 min, p = 0.11) did not differ between both groups. The combined
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incidence of BARC type 2, 3, or 5 bleeding not related to the pacemaker access site was
comparable between both groups (18.8% vs. 20.6%, p = 0.68). The VARC-3 defined early
safety composite outcome was not significantly different (upper arm: 23.6% vs. femoral:

31.5%, p =0.11).
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Figure 3. Main safety and efficacy outcomes of the study. Upper part: main categorical outcomes.
Lower part: main continuous outcomes. VARC = Valve Academic Research Consortium.
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4. Discussion

In this study, we sought to evaluate the safety and efficacy of an upper arm vein as
a temporary pacemaker access site in patients undergoing TAVR. The key findings can
be summarized as follows. First, in this prospective non-selective cohort of consecutive
TAVR patients, the incidence of clinically relevant pacemaker access site-related bleeding
was highest in the jugular cohort (10.8%), followed by the femoral (5.8%) and upper arm
(2.4%) cohorts. Decreased renal function and a non-upper-arm pacemaker access site were
independently associated with the primary outcome. In the PS-matched cohort, pacemaker
access site-related bleeding was numerically lower in the upper arm cohort compared with the
femoral cohort (2.4 vs. 6.1%). Although this difference was not statistically significant, we
observed a trend toward significance. Second, time to mobilization after TAVR was signifi-
cantly shorter in the upper arm cohort compared with the femoral cohort (480 vs. 1140 min).
Third, the cross-over rate from an upper arm pacemaker access site was low, occurring in
approximately 6% of patients.

Although procedural TAVR complications have importantly decreased over time,
clinically relevant bleeding remains a frequently encountered complication with a poten-
tial detrimental impact on outcome [18]. Therefore, every attempt to decrease bleeding
complications should be encouraged. With reduced sheath sizes and improved percuta-
neous closure devices, the bleeding complications of the primary access site have grad-
ually diminished. On the contrary; little attention has been paid to the secondary access
sites (i.e., diagnostic and pacemaker access site), and data on bleeding complications and
methods to reduce secondary access site-related bleeding remain scarce. Although some
studies have reported beneficial outcomes when using an alternative diagnostic access site
(e.g., distal radial access) [19,20], robust evidence from randomized trials is still lacking.

To the best of our knowledge, this is the first study describing the results of an upper
arm vein as an alternative temporary pacemaker access site during TAVR. Our study
shows that the incidence of pacemaker access site-related bleeding of an upper arm vein
is low and, if present, only minor (i.e., BARC type 2 bleeding). The observed numerical
bleeding reduction of approximately 4% with the upper arm approach is in line with
previously published data, which compared an upper arm approach to a femoral approach
in patients undergoing right heart catheterization [8]. Furthermore, we found a shorter
time to mobilization after an upper arm approach compared with a femoral approach.
This difference is explained by the inability to mobilize when the femoral pacing lead
is still in place, while patients with an upper arm pacing lead are allowed to mobilize
due to strong fixation of the pacing lead to the upper arm. Early mobilization has been
associated with a lower incidence of postoperative delirium (POD) [11]. As POD is known
to adversely affect mortality in both the short and long term, rapid mobilization should be
pursued. In addition, a shorter duration of immobilization may reduce the need for urinary
catheterization and, hence, the incidence of urinary tract infection [10]. A shorter time to
mobilization might be associated with a shorter duration of hospitalization, which in turn
could diminish the burden on healthcare resources and reduce healthcare costs. In our
study, the mean duration of hospitalization in the upper arm cohort was slightly shorter,
although not significant. Importantly, the upper arm approach was not associated with
longer skin-to-skin time.

There were 17 cases in which a cross-over of the pacemaker access site occurred. These
were all cases where an initial upper arm approach was attempted, yielding an upper arm
access success rate of 94%. Except for one case, all cross-overs occurred directly (i.e., at the
beginning of the TAVR procedure), mostly due to a small diameter of the upper arm vein
or a close proximity to the brachial artery. One late cross-over occurred. In this patient, the
pacing lead dislocated approximately 1 h post-TAVR, after which a successful repositioning
of the pacing lead through the femoral vein was performed in the catheterization laboratory.

Temporary pacing lead placement in an upper arm vein closely resembles the place-
ment of a peripherally inserted central catheter (PICC) line. Although PICC lines are
frequently used, these lines are known to pose an increased risk of deep vein thrombosis
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(DVT), with incidences between 5 and 15 percent for hospitalized patients and between
2 and 5 percent for ambulatory patients [21,22]. However, it should be noted that the
incidences described in these studies concern patients in whom the PICC lines are kept
significantly longer in situ (weeks) rather than the maximum of 48 h in the TAVR patients
described in our cohort. In addition, patients with an indication for PICC line placement
usually have a higher burden of prothrombotic risk factors (i.e., malignancy). Taking the
aforementioned into account, a direct translation between incidences of DVT secondary to
PICC line placement and DVT secondary to temporary pacing lead placement cannot be
made. More importantly, there was no clinical suspicion of DVT in any of the patients from
our study.

In attempts to further refine the TAVR procedure, some centers have adopted pacing
over the left ventricular (LV) stiff wire as a primary rapid pacing strategy [23]. The drawback
of such an approach is the relatively unstable contact between wire and LV wall possibly
leading to the loss of pacing conduction, especially during balloon inflation when the
wire position in the left ventricular outflow tract is influenced by the unfolding of the
balloon. Therefore, in most cases, a back-up femoral venous sheath is placed to be able
to quickly insert a temporary pacing lead if needed, introducing the same bleeding risk
in these patients. In our center, we do not use pacing over the wire as a standard rapid
pacing strategy.

Antithrombotic agents are frequently prescribed in patients undergoing TAVR. Due
to the high prevalence of coronary artery disease and atrial fibrillation, OAC and DAPT
use is particular prevalent in the elderly TAVR population [24]. Antithrombotic agents
in general, but especially OAC and/or DAPT use, are known to increase the risk of
periprocedural bleeding complications [16,17]. Although the number of patients with OAC
and/or DAPT use at baseline was slightly lower in the upper arm cohort compared with
the femoral cohort, after matching on this covariate, pacemaker access site-related bleeding
still occurred numerically less in the upper arm cohort.

4.1. Future Perspectives

With the annually increasing number of TAVR procedures worldwide, there is an on-
going need to further reduce the invasiveness and complications of TAVR procedures [25].
As bleeding complications are still frequently encountered, future studies aiming to reduce
periprocedural bleeding complications are warranted. We initiated the multicenter random-
ized TAVI XS trial (ClinicalTrials.gov: NCT05672823) which investigates whether an upper
extremity approach, using the radial artery for diagnostic access and an upper arm vein
for temporary pacemaker access, reduces bleeding complications compared with a lower
extremity approach using the femoral artery and femoral vein for diagnostic and pacemaker
access, respectively. With the adoption of the recommendation to omit clopidogrel after
TAVR in patients with and without an indication for chronic anticoagulant therapy (both in
American and European guidelines) [26,27], a further decrease in periprocedural bleeding
complications might be expected.

4.2. Study Limitations

This study has some limitations. First, due to the observational nature of this study,
the results should be interpreted with caution as no randomized comparison was made
between the upper arm and femoral approach. We performed PS matching to overcome
differences in baseline characteristics and potential confounders. However, a residual
impact of unknown or unmeasured confounding factors cannot be excluded. Second,
we did not routinely perform an ultrasound of the extremities to assess the incidence of
DVT. Although there were no cases with a clinical suspicion of DVT, we cannot exclude
cases with subclinical DVT. Third, no PS-matched analysis was performed between the
upper arm and jugular cohort. However, to provide some insights into the latter category,
baseline characteristics, procedural characteristics, and clinical outcomes are provided for
this patient cohort as well.
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5. Conclusions

In conclusion, we have demonstrated that the use of an upper arm vein as a temporary
pacemaker access site is safe and feasible, and that its use might be associated with fewer
bleeding complications and a shorter time to mobilization compared with the femoral vein.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jecm13030651/s1, Figure S1: Distribution of the three different
pacemaker access sites over time; Table S1: Post-hoc testing of variables in the overall study pop-
ulation with significant findings after ANOVA testing; Table S2: Post-hoc testing of variables in
the overall study population with significant findings after Chi-Square testing; Table S3: Standard-
ized mean difference for baseline characteristics used for propensity score matching before and
after matching.
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