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Introduction
Leadless pacemaker therapy has been devel-
oped in recent years to overcome potential 
transvenous lead- and pocket-related compli-
cations. Compared to conventional trans-
venous devices, there is a more than 50% re-
duction in device complications together with 
a high implantation success rate according to 
registry analyses [1, 2, 3]. However, leadless 
pacing also carries potential complications re-
lated to the implantation process. Pericardial 
tamponade and groin-related complications, 
such as local hematoma, arteriovenous fistula 

or arterial pseudoaneurysm, were encountered 
at a risk of around 1%. Furthermore, stenosis 
or tortuous anatomy of the inferior vena cava 
can prevent a successful femoral leadless pace-
maker implantation [1, 2]. Hence, other access 
sites may be necessary for the implantation. A 
first series of 82 patients from the Netherlands 
demonstrated that the implantation via the in-
ternal jugular venous route is a safe and effi-
cient way for leadless pacemakers [4]. The aim 
of this analysis is to investigate the first experi-
ence of jugular leadless pacemaker implanta-
tion in Switzerland.

Methods
This prospective analysis includes ten consec-
utively enrolled patients who underwent jugu-
lar leadless pacemaker implantation from 
09/2022 to 12/2022 at the University Hospital 
Zurich. There was no contraindication for 
these patients to have a standard femoral im-
plantation procedure, which was important 
because if the jugular access had failed, a fem-
oral implantation was the predefined bailout 
strategy. Follow-up was conducted by assess-
ing all available patient records from patient 
visits, hospitalizations, as well as device inter-
rogation and tracings. The interventional and 
electrical parameters of the jugular approach 
were compared with the first 100 patients at 
our institution who underwent a femoral lead-
less pacemaker implantation from 2015 to 
2019. Follow-up was three months for all pa-
tients. The study was approved by the local eth-
ical committee (BASEC-Nr.: 2021-00930).

Statistics
Continuous variables were reported as mean 
+/- standard deviation. Categorical variables 
were reported as counts (percentage). Distribu-
tion of normality was assessed with the Shap-
iro-Wilk test. Comparisons between categorical 
variables were performed through contingency 
tables and assessed using a chi-squared or Fish-
er's exact test, as appropriate. Mann-Whitney U 
Test was used for comparison of the continuous 
variables which were not normally distributed. 
Statistical analysis was performed using IBM 
SPSS Statistics (Version 23).

Implantation Procedure
All implantations were performed in an elec-
trophysiology laboratory. Sedation was not 
necessary except an initial bolus of 25–50 µg 
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fentanyl. Perioperative infection prevention 
using cefuroxime was given to all patients. 
Skin disinfection was performed at the area 
between the two heads of the sternocleidomas-
toid muscle and the clavicle. After the patient 
was draped, 1% lidocaine was injected under 
the skin using a small subcutaneous needle. 
Puncture of the right internal jugular vein was 
guided by ultrasound with a linear probe in all 
patients. A standard J-wire was introduced and 
advanced under fluoroscopy guidance into the 
inferior vena cava. A one centimeter skin inci-
sion was carefully performed, as for the femo-
ral access, and a standard 9 French sheath in-
troduced over the J-wire. The J-wire was then 
replaced by an Amplatz Super-Stiff™ 0.035-
inch guidewire. The puncture site was predilat-
ed using a 20 French dilator followed by 
advancing the 27 French introducer sheath 
(Medtronic, Minneapolis, MN, USA) carefully 
to the level of the lower right atrium (video 1 
and 2, fig. 1A). The sheath was flushed, con-
nected to a heparinized saline drip and a bolus 
of 3000–5000 units of heparin was injected. A 
sterile table was placed at the right superior site 
of the patient’s head to ease sheath and device 
handling. The delivery tool was advanced until 
the distal end of the sheath and the latter re-
tracted back to the level of the superior vena 
cava (video 3). Right and left anterior oblique 
fluoroscopy views were used to cross the tri-
cuspid valve and to maneuver the device with-
in the right ventricle. As for the femoral ap-
proach, the goal was to place the device at the 
septal area of the right ventricle. Optimal sep-
tal location of device was confirmed in LAO 
view and by injecting contrast dye (video 4 and 
5). If a satisfactory position was found, the de-
vice was deployed and electrical parameters 
were measured (adequate values were a pacing 
threshold <1 V at 0.24 ms and a sensed R-wave 
amplitude of >5 mV). Adequate fixation of the 
leadless pacemaker was verified with the pull 
and hold test (video 6). When at least two out 
of four tines were engaged with the myocardi-
um, the tether was cut, and the device released. 
The delivery tool as well as the sheath were re-
moved. The puncture site was closed with a 
modified Z-suture (fig. 1B). Immediately after 
closing the puncture site, the interventional ta-
ble was tilt into a reversed Trendelenburg posi-
tion to reduce the venous pressure at the neck 
and to avoid the risk for bleeding.

Results
Patient’s characteristics are summarized in ta-
ble 1 and compared to the first 100 patients 
who underwent a femoral leadless pacemaker 
implantation at our institution. Mean age of 
the ten patients was 83.3 ± 3.7 years. 60% 

Figure 1: (A) Entry site of the introducer sheath at the patient’s neck; (B) Puncture siture after 
removal of the sheath and delivery catheter. The access site is closed with a modified Z-suture.

Table 1: Periinterventional parameters in the jugular and femoral approach of 
patients undergoing leadless pacemaker implantation

Jugular approach Femoral approach P value

Age [years] 83.3±3.7 81.7±6.2 0.279

Final position   0.187

Inferoseptal 3 (30 %) 9 (9%)  

Mid septal 7 (70%) 89 (89%)  

High septal 0 2 (2%)  

Procedure time [min] 31.9±6.4 48.9±21.0 <0.001

Fuoroscopy time [min] 3.4±2.3 7.7±7.8 0.005

Furoscopy dose [cGxcm2] 4.79±3.92 8.42±10.06 0.330

Parameters at implantation    

Treshold [V@0.24ms] 0.47±0.14 0.54±0.31 0.666

Sensing [mV] 9.1±3.8 9.9±4.4 0.226

Impedance [Ohm] 752±162 706±142 0.540

Parameters at day 1    

Treshold [V@0.24ms] 0.45±0.16 0.54±0.35 0.682

Sensing [mV] 10.8±2.5 10.8±4.4 0.526

Impedance [Ohm] 695±175 663±131 0.785

Parameters at day 14    

Treshold [V@0.24ms] 0.40±0.12 0.60±0.41 0.061

Sensing [mV] 11.8±2.8 11.7±4.3 0.715

Impedance [Ohm] 676±108 606±97 0.116

Parameters at 3 months    

Treshold [V@0.24ms] 0.46±0.09 0.66±0.50 0.452

Sensing [mV] 12.3±2.5 10.9±4.1 0.416

Impedance [Ohm] 598±93 566±91 0.277
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(n=6) were male. Main indication for pace-
maker implantation was AV block in 70% 
(n=7) of the patients, followed by tachy-brady 
syndrome in two patients with permanent atri-
al fibrillation and one patient with post con-
version pauses. All devices were implanted 
successfully via the jugular approach. None of 
the patients experienced discomfort or a vagal 
reaction during access site dilatation or sheath 
advancement into the right atrium. Mean pro-
cedure time was 31.9 ± 6.4 min with a mean 
fluoroscopy time of 3.4 ± 2.3 min, which is 
significantly shorter compared to the femoral 
approach (procedure time 48.9 ± 21.0 min and 
fluoroscopy duration 7.7 ± 7.8 minutes, p 
<0.01, table 1). The device was positioned at 
the inferior septum in three patients and mid-
septal in seven patients. In seven patients, a 
sufficient device position was obtained at the 
first attempt, in two at the second, and in one at 
the fourth attempt (table 1). The mean final 
pacing threshold in the end of the procedure 
was 0.47 ± 0.14 V at 0.24 ms pulse width with 
a ventricular sensing of 9.1 ± 3.8 mV and an 
impedance of 752 ± 162 Ohm (table 1, fig. 2). 
There were no periinterventional complica-
tions. At the first day after implantation, elec-
trical parameters remained stable in all pa-
tients with a mean pacing threshold of 0.45 ± 
0.16 V at 0.24 ms and a sensed amplitude of 
10.8 ± 2.5 mV (table 1, fig. 2). At three months 
follow-up, all measured device parameters re-
mained unchanged (table 1, fig. 2).

Discussion
The aim of this case series was to evaluate the 
feasibility and safety of a jugular approach for 
leadless pacemaker implantation. In our expe-
rience from the first ten patients, this access 
site seems to be as safe and effective as the 
standard femoral approach.

The largest experience with jugular lead-
less pacemaker implantation originates from 
the Netherlands. Indeed, a recently published 
article summarizing their experience in 82 pa-
tients confirmed that the jugular approach for 
leadless pacemaker implantation seems to be a 
feasible and safe alternative to the femoral ap-
proach [4]. Similarly to our case series, there 
were no puncture site related complications 
such as hematoma, arteriovenous fistula, or 
arterial aneurysm, which are some of the most 
encountered complications with the femoral 
approach [4]. A possible explanation is that 
in  most implantation procedures, ultra-
sound-guidance was used to puncture the 
internal jugular vein. Visualization of the 
puncture side is known to reduce potential 
complications [5, 6] when inserting central ve-
nous lines. Furthermore, patients are encour-

Figure 2: Device parameters (right ventricle [RV] [A] sensing, [B] impedance and [C] threshold) are 
displayed at implantation, day one and 14 as well as after three months.
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aged to sit up immediately after the interven-
tion, which is not only more convenient for the 
elderly population, but significantly reduces 
the venous pressure at the neck level and there-
fore the risk of local hematoma.

Another advantage is the straight and 
shorter route into the right atrium compared 
to the femoral vein. Occasionally, discomfort 
and vagal responses are observed when ad-
vancing the straight 27 French sheath through 
the more tortuous femoral and iliac veins due 
to mechanical stretch. Such a patient’s response 
has not been observed with the jugular ap-
proach increasing patient’s satisfaction during 
the intervention.

The procedure time is comparable to earli-
er studies of a standard leadless pacemaker 
implantation with a range from 26 to 41 min-
utes [7–11]. The mean fluoroscopy time was 
similar to the Dutch experience [4], but short-
er than in studies using femoral access where 
fluoroscopy times equaled 6–13 min [7, 9, 10], 
and also shorter in comparison to the first 
hundred femoral leadless pacemaker implan-
tations at our institution. This difference can 
partly be explained by the shorter and straight-
er route into the patient’s heart as well as by the 
easier angulation towards the right ventricular 
septum, but it may be biased by the fact that 
the operators are already experienced in stand-
ard implantation of leadless pacemakers.

The device was placed in all patients at the 
right ventricular septum, avoiding an apical 
position. The more anterior position of the su-
perior vena cava in comparison to the inferior 
vein, as well as the natural shape of the delivery 
catheter allow a better and easier angulation 
towards the ventricular septum. In most of the 
cases only one attempt was necessary to gain a 
stable and electrical favorable position at the 
ventricular septum. However, one need to 
keep in mind that the shorter and straighter 
route to the right ventricle from above can re-
sult in a higher translation of the forward pres-
sure to the distal tip of the delivery tool when 
advancing the device. While from femoral ap-
proach usually only 10% of the forward pres-
sure is translated directly to the end of the de-
livery catheter, the jugular approach eases this, 
resulting in a better contact with the myocardi-
um, but potentially also carries a risk for more 
perforations. Even though this has not been 
observed in our cohort nor in the Dutch regis-
try [4], it is of paramount importance to ade-
quately use different fluoroscopy angulations 
during the implantation procedure.

During a follow-up of three months, all 
pacing parameters remained stable or im-
proved slightly, which is in line with previous 
published data of patients undergoing femoral 
leadless pacemaker implantation [2].

Conclusion
From our experience of the ten first jugular 
leadless pacemaker implantations we can con-
clude that this approach of device implantation 
is a safe and effective alternative to the stand-
ard procedure with a high level of patient’s sat-
isfaction, both during as well as directly after 
the intervention.
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