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Abstract

Background The axillary vein is preferred over the subclavian vein, and the cephalic vein for cardiac implantable
electronic device (CIED) lead insertion. However, studies on ultrasound-guided axillary vein access (US-AVA) in Asia are
scarce. This study aims to evaluate the feasibility of US-AVA for CIED lead implantation in Korean patients.

Methods From September 2021 to September 2023, we employed US-AVA for CIED lead implantation procedures.
Patients’demographic and procedural data were collected and analyzed retrospectively.

Results US-AVA was successful in 301 patients (97.7%). There were no occurrences of pneumothorax or severe
hematoma due to inadvertent arterial puncture, nor were there any other significant vascular access-related acute
complications. During the median 1.7 years of follow-up, no CIED infection or lead-related problems have occurred.
Compared to a historical cohort of patients who underwent fluoroscopy-guided axillary vein access (FL-AVA), US-AVA
significantly reduced procedure and fluoroscopy time and showed a trend toward reduced radiation doses.

Conclusion US-AVA is a safe and effective technique for CIED lead implantation in Korean patients, with advantages
over FL-AVA in terms of procedural efficiency and patient safety.

Keywords Ultrasound, Axillary vein, Cephalic vein, Cardiac implantable electronic device, Pacemaker, Implantable
cardioverter-defibrillator, Cardiac resynchronization therapy

Introduction

Cardiac implantable electronic devices (CIEDs) consti-
tute a significant advancement in treating heart rhythm
disorders. These devices largely include pacemakers
(PMs), cardiac resynchronization therapy devices (CRTs),
and implantable cardioverter-defibrillators (ICDs) [1].
The CIEDs are composed of two main components—
leads and a generator. A generator is inserted into a
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subcutaneous pocket in the upper pectoral area, while
leads connect the generator and heart, threaded through
a central vein to directly reach the heart. Although recent
technological advancements have led to the development
of leadless PM and subcutaneous ICDs, the majority of
CIED procedures are still performed with subcutane-
ous generators and transvenous leads. Traditionally, the
subclavian vein has been used as a venous access point
for lead implantation; however, it is increasingly discour-
aged due to associated risks, such as pneumothorax and
long-term lead complications [2—4]. Instead, axillary vein
access (AVA) and cephalic vein cutdown are now recom-
mended due to their lower risk profiles [5].

Numerous reports have recently been published on
ultrasound-guided axillary venous access (US-AVA) for
CIED lead placement, highlighting its advantages over
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fluoroscopy-guided techniques in terms of procedural
ease, rapidity, and safety [6—11]. However, there is a pau-
city of published studies about these subjects in Asia,
particularly in Korea.

In this article, we aim to report our experience and
research findings on the feasibility of adopting US-AVA
to implant CIED leads in Korean patients.

Material and methods

Study patients

We employed US-AVA for all new transvenous CIED
lead implantation procedures from September 2021 to
September 2023. Patients with previously implanted
CIEDs undergoing lead revision, additional lead inser-
tion, or upgrade procedures were excluded. Patients’
demographic and procedural data were collected and
analyzed retrospectively.

To evaluate the effectiveness and safety of US-AVA, we
compared the procedural results of this group with an
age- and sex-matched cohort of patients who previously
underwent fluoroscopy-guided axillary venous access
(FL-AVA) at our institution. The study received approval
from the institutional review board of Keimyung Uni-
versity Dongsan Hospital (Approval No. 2021-08-125).
All procedures in this study were performed by a single
operator (J.H.).

Description of the procedure

Baseline procedure setting

At our center, the baseline positioning for CIED implan-
tation using angiographic equipment is depicted in Sup-
plemental Fig. 1A. The image-guided therapy system,
Azurion 7 M20 (Philips, Amsterdam, Netherlands), is
used. Traditionally, patients are positioned with their cra-
nial side toward the image intensifier/X-ray tube. How-
ever, in our approach, we position the patient’s caudal
side toward the image intensifier/X-ray tube and then
rotate the ceiling-mounted C-arm by 90°. This adjust-
ment means that the C-arm’s previous caudal to cranial
rotation now corresponds to the conventional right ante-
rior oblique-left anterior oblique (RAO-LAQ) view. This
positioning strategy allows partial shielding from ioniz-
ing radiation emanating from the X-ray tube by using a
movable lead skirt. Importantly, with the monitor posi-
tioned directly in front of the operator, this setup signifi-
cantly reduces musculoskeletal pain in the neck region
compared to the traditional position.

After the patient was positioned, we performed a
timeout, and the patient was draped in the usual sterile
fashion, including a surgical drape (Ioban; 3 M, St. Paul,
Minn.) over the left infraclavicular area. The implanta-
tion procedures were generally performed with moder-
ate conscious sedation using pethidine, fentanyl, and
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midazolam. Before the procedure, all patients received
intravenous antibiotic prophylaxis.

Anatomy

A thorough knowledge of the anatomy around the axil-
lary vein is essential for CIED lead implantation. It is
especially important to aim for extrathoracic venous
access [12].

The basilic vein is one of the superficial veins of the
upper limb and originates from the dorsal venous net-
work of the hand. It ascends along the medial aspect of
the upper limb. At the border of the teres major, the vein
moves deep into the arm. Here, it combines with the bra-
chial veins from the deep venous system of the upper
limb to form the axillary vein. In other words, the axillary
vein starts laterally from the confluence of the brachial
and basilic veins. The cephalic vein is another superficial
vein of the arm. It originates from the radial end of the
dorsal venous network of the hand and ascends along the
lateral side of the arm. At the medial aspect of the shoul-
der, the cephalic vein passes between the deltoid and
pectoralis major muscles (deltopectoral groove), where
it empties into the axillary vein [13]. The axillary vein
runs about 2—-3 cm medial to the cephalic vein behind the
pectoralis muscles and then becomes the subclavian vein
after being joined by the cephalic vein distally to the lat-
eral border of the first rib, typically between the anterior
first and second ribs (Fig. 1).

The subclavian vein can be divided into 2 parts: the
intrathoracic part proximal to the medial border of
the first rib before entrance into the costoclavicular
space, and the short extrathoracic part over the first rib.
The leads placed in the cephalic, the axillary, and the
extrathoracic subclavian vein can enter the central veins
distal to the medial border of the first rib. Thus, they are
intravascular when passing through the costoclavicular
space without direct exposure to the surrounding muscle,
tendon, ligament, or bones. This is the main mechanism
by which extrathoracic venous access can avoid subcla-
vian crush syndrome.

Method of US-AVA

Ultrasound exploration After administering local anes-
thesia, we attempted to visualize the axillary vein using
a linear probe from portable ultrasound devices (Vivid q
from GE Healthcare, Milwaukee, W1, or Zonare Z-One
Portable Ultrasound from Zonare Medical Systems,
Mountain View, California, USA).

Initial ultrasound exploration was performed below
the clavicle, focusing on the area where the medial two-
thirds and lateral one-third of the clavicle intersect and
the medial aspect of the deltopectoral groove. At this
location, the axillary artery and axillary vein are readily
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Fig. 1 Fluoroscopy image of the left upper pectoral area during venography and annotated schematic of the venous anatomy. A Plain
fluoroscopy-venography image showing the axillary vein and surrounding structures. B Annotated fluoroscopy-venography image illustrating
the anatomy of the axillary vein and adjacent structures. The cephalic vein, axillary vein, and the extrathoracic part of the subclavian vein are
highlighted. The borders of the first and second anterior ribs are marked, demonstrating the relationship between these anatomical landmarks

and the target veins for access

identifiable through ultrasound examination. Supple-
mental Fig. 1B depicts the initial setting of a US-AVA
procedure performed in our laboratory.

Longitudinal versus cross-sectional ultrasound images
for vessels Ultrasound technology can generate both
longitudinal and cross-sectional images of vessels. Fig-
ure 2 demonstrates the ultrasound probe position and the
longitudinal and cross-sectional ultrasound images. Lon-
gitudinal images are advantageous for clearly depict-
ing the needle’s entry point and the wire’s retainment
in the vessel (Fig. 2A, B). However, these images can be
challenging when distinguishing between the artery and
vein and may only show a short segment of the vein if its
course is tortuous. Cross-sectional images simplify the
differentiation between artery and vein, but capturing a
real-time image of the needle entering the vein can be dif-
ficult (Fig. 2C, D). Nevertheless, by sufficiently tilting the
probe, the needle’s entry point into the vein (tenting of the
vein) can often be clearly visible. Therefore, while we used
both views to scan and evaluate the axillary vein/artery,
the cross-sectional image was preferred for the puncture.
Confirmation of the axillary vein is typically finalized with
compression (the vein is compressible, whereas the artery
is not); color Doppler evaluation is rarely needed.

Technical considerations for US-AVA
(a) Ultrasound probe’s orientation marker.

In cross-sectional imaging, the ultrasound probe’s ori-
entation marker can be directed either caudally or cra-
nially. Positioning the marker caudally demonstrates the
pleural space at the bottom left of the screen, with the
axillary vein appearing on the left and the axillary artery
on the right. This setup maintains an orientation consist-
ent with the clinician’s viewpoint, positioning the axillary

vein on the left side (patient’s caudal side) and the axillary
artery on the right (patient’s cranial side). This alignment
is intuitive and facilitates easier needle management dur-
ing the procedure. Conversely, setting the marker in the
cranial direction produces an image with the exact oppo-
site orientation. Therefore, we recommend positioning
the ultrasound probe orientation marker in the caudal
direction to enhance procedural intuitiveness and ease
(Fig. 2C, D, Supplementary Fig. 2).

(b) Challenges with thick subcutaneous tissue.

In cases where the thickness of subcutaneous tis-
sue is considerable (usually vertical depth of more than
3—4 cm), ultrasound resolution may decrease due to
interference from muscle and fat, making vessel deline-
ation difficult. If unsuccessful, an incision can be made
to create a pocket, after which the axillary vein can be
assessed using ultrasound (Supplementary Fig. 3). The
administration of agitated saline into a peripheral vein
of the ipsilateral arm can enhance visualization of the
axillary vein by saline bubbles (Supplementary video 1).
However, even with thick subcutaneous tissue, utilizing
ultrasound is more effective than fluoroscopy alone.

(c) Accessing the right axillary vein.

US-AVA can also be applied to access the right axil-
lary vein. Anatomically, the right brachiocephalic vein’s
course is more acute than the left, leading to a trend of a
shorter axillary vein length. When the orientation marker
is placed caudally, the axillary artery appears on the left
of the screen and the axillary vein on the right (Supple-
mentary video 2).

Statistical analysis

Continuous variables are expressed as the mean
value + standard deviation or interquartile range
when the values do not follow a normal distribution.
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Fig. 2 Ultrasound (US) imaging of the axillary vein and probe positioning. (A) Intraoperative photograph showing the US-guidedaxillary vein
access procedure. The fluoroscopy inset demonstrates the direction of the ultrasound probe (indicated by the red line). Theprobe was positioned
parallel to the vein to obtain a longitudinal US image of the axillary vein. (B) Longitudinal US image of theaxillary vein, highlighted with a blue line.
(€) Another intraoperative photograph shows the probe’s positioning to obtain a crosssectionalUs image of the axillary vein. The fluoroscopy inset
demonstrates the direction of the ultrasound probe (indicated by the redline). (D) Cross-sectional US image of the axillary vein which is indicated
by a blue circle, the axillary artery by a red circle, and thepleura by a green line. The area below the green line represents the lung. This image

is obtained when the ultrasound’s orientationmarker is directed toward the patient’s caudal side

Categorical variables are expressed as numbers and
percentages. If normality was accepted, the independ-
ent sample t test and chi-square test were used for con-
tinuous and categorical variables. If the sample did not
meet the normality assumption, the following method
was used: the Mann—Whitney test was used to compare

within-group continuous variables before and after the
intervention, and the Wilcoxon signed-rank test was used
to analyze the differences and changes in values between
the two groups. Statistical analyses were performed using
the MedCalc® Statistical Software version 22.016 (Med-
Calc Software Ltd, Ostend, Belgium; https://www.medca
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lc.org; 2023). A P value <0.05 was considered statistically
significant.

Results

Results of US-AVA

Baseline patients’ characteristics

From June 2019 to September 2023, US-AVA was
attempted on 308 patients. The average age of the
patients was 72.2+10.6, and the male patients were 144
(46.8%). The median body mass index was 23.8, and
the median body surface area was 1.62, reflecting typi-
cal characteristics of an Asian population. A pacemaker
was implanted in 203 patients, while 67 and 38 patients
received ICD and CRT implantation, respectively. Base-
line characteristics are summarized in Table 1.

Procedural outcome

The mean procedure time was 57.1+15.4 min, and the
mean fluoroscopy time was 290.3+154.0 s. Radiation
doses were as follows: air-kerma 14.3+19.7 mGy and
dose-area product 3.2+4.1 Gycm2. The median time
from local anesthetic to completion of US-AVA was
6 min (interquartile range [IQR]: 3—11). Procedural out-
comes of the US-AVA patients are also summarized in
Table 1.

During the study period, we applied US-AVA to all
patients undergoing new CIED implantation as an initial
approach, and in cases of failure, we accessed the axillary
vein using fluoroscopic guidance and real-time venog-
raphy. The US-AVA was successful in 301 out of 308
patients, with a success rate of 97.7%. Among the seven
patients in whom US-AVA failed, 5 had a skin thickness
of more than 4 cm. The remaining 2 had a skin thickness
of less than 4 c¢m, but visualization of vessels was poor for
unclear reasons. Importantly, in the 301 patients where
US-AVA was successful, there were no occurrences of
pneumothorax or severe hematoma due to inadvert-
ent arterial puncture, nor were there any other signifi-
cant vascular access-related complications. In the seven
patients where US-AVA failed, two or three puncture
attempts were made through US-AVA, but no complica-
tions occurred due to these attempts and salvage fluor-
oscopy—venography-guided axillary vein access was
successful.

Comparing the outcomes with FL-AVA

Baseline patients’ characteristics

To evaluate the effectiveness of US-AVA, we selected
age- and sex-matched patient cohorts who underwent
FL-AVA at our institution before the adoption of ultra-
sound. For a more accurate comparison, only patients
who received a dual lead pacemaker or ICD were chosen
in both groups. Table 2 shows a comparison of baseline
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Table 1 Baseline characteristics and outcomes of US-AVA

attempted patients

Characteristic

US-AVA (N=308)

Male 144 (46.8)
Age (yr) 722+106
History of HTN 184 (59.7)
History of DM 107 (34.7)
History of AF 125 (40.6)
Height (cm) 159.2+9.8
Weight (kg) 60.5 (53.2-67.1)
BMI (kg/m?) 23.8(21.9-26.0)
BSA (m?) 162 (151-1.76)
Type of CIED
Pacemaker 203 (66.0)
SND 143
AVB 60
ICD 67 (21.7)
CRT 38(12.3)
Lead number

Single lead 30(9.7)

Two or more leads 278(90.3)
US-AVA time (minutes) 6(3-11)
Procedure time (minutes) 57.1+£154
Fluoroscopy time (seconds) 290.3+154.0
Air-kerma (mGy) 143+19.7
Dose-area product (Gycmz) 32+4.1

Values are presented as the n (%) or mean +SD. Weight/BMI/BSA are presented
as median (interquartile range). USG-AxA: ultrasound-guided axillary vein
access, HTN: hypertension, DM: diabetes mellitus, AF: atrial fibrillation, BMI: body
mass index, BSA: body surface area, CIED: cardiac implantable electronic device,
SND: sinus node dysfunction, AVB: atrioventricular block, ICD: implantable
cardioverter-defibrillator, CRT: cardiac resynchronization therapy

patients’ characteristics. Data from 187 FL-AVA patients
and 191 US-AVA patients were collected and analyzed
for comparison. Demographic and clinical characteristics
are not significantly different between the two groups.

Comparison of procedural outcome

The comparison between the US-AVA and FL-AVA
groups revealed significant differences in procedure
and fluoroscopy times. The mean procedure time for
the US-AVA group was 55.5+14.7 min, compared to
59.8 £17.0 min for the FL-AVA group, with a statistically
significant difference (P=0.009) (Fig. 3A). Similarly, the
mean fluoroscopy time was significantly shorter in the
US-AVA group at 289.5+153.5 s, versus 410.6£221.3 s
in the FL-AVA group (P<0.0001) (Fig. 3B). Regarding
radiation exposure, although the US-AVA group tended
to have lower air-kerma (13.8+15.1 mGy) and dose-
area product (3.2+3.6 Gycm?) compared to the FL-AVA
group (16.0+22.1 mGy and 3.8+8.4 Gycm? respec-
tively), these differences were not statistically significant
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Table 2 Baseline patients’ characteristics between the two

groups
Characteristic FL-AVA (N=187) US-AVA (N=191) P value
Male 96 (51.3) 84 (44.0) 0.153
Age (yr) 69.2+9.2 706+9.1 0.126
History of HTN 106 (56.7) 115 (60.2) 0487
History of DM 55(29.4) 62 (32.5) 0522
Height (cm) 160.1+£9.8 1589495 0.247
Weight (kg) 622+116 613+114 0410
BMI (kg/mz) 242+34 242435 0.961
BSA (m?) 1.76+137 1.64+0.19 0.238
Procedure 0.961
Pacemaker 157 (84.0) 160 (83.8)
SND 79 (50.3) 98 (61.2) 0.050
AVB 78 (49.7) 62 (38.7)
ICD 30(16.0) 31(16.2)

Values are presented as the n (%) or mean + SD. Weight/BMI/BSA are presented
as median (interquartile range). FL-AxA: fluoroscopy-guided axillary vein access,
USG-AxA: ultrasound-guided axillary vein access, HTN: hypertension, DM:
diabetes mellitus, AF: atrial fibrillation, BMI: body mass index, BSA: body surface
area, SND: sinus node dysfunction, AVB: atrioventricular block, ICD: implantable
cardioverter-defibrillator. Only patients who received a dual-chamber
pacemaker or ICD were chosen in both groups

Table 3 Procedural results

Characteristic FL-AVA (N=187) US-AVA (N=191) Pvalue

Procedure time 598+17.0 555+14.7 0.009
(minute)
Fluoroscopy time 4106+2213 289.5+153.5 <0.0001
(seconds)
Air-Kerma 16.0422.1 13.8+15.1 0.279
Dose-Area Product 38+84 32436 0.334

(P=0.279 for air-kerma and P=0.334 for dose-area prod-
uct). A comparison of procedural outcomes between the
two groups is summarized in Table 3.

The follow-up duration was matched between the
two groups. During the median 1.7 years of follow-up,
one pneumothorax, one severe hematoma due to supe-
rior thoracic artery rupture, and one lead fracture were
observed in the FL-AVA group. However, no complica-
tions were observed in the US-AVA group.

Discussion

Main findings

The main findings of our research highlight significant
benefits of US-AVA, notably in comparison with FL-
AVA. Firstly, US-AVA reduced the incidence of acute
procedural complications such as pneumothorax or inad-
vertent arterial puncture. While these complications are
not common, they are critical, considering that they can
lead to prolonged hospitalization, increased healthcare
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costs, and adverse patient outcomes. The absence of
significant vascular access-related complications in our
study is indicative of the enhanced control and visibility
that ultrasound guidance offers over traditional fluoro-
scopic methods. Secondly, US-AVA shortened the dura-
tion of both procedure and fluoroscopy times. The mean
procedure time was reduced by over four minutes, and
fluoroscopy time was reduced by approximately 121 s,
representing a substantial decrease in patient expo-
sure to ionizing radiation. This efficiency contributes
to enhanced patient safety and potential reductions in
healthcare costs. Thirdly, during the median 1.7 years
of follow-up, lead safety was effectively maintained with
no CIED infection in either group. Notably, there was
one case of lead fracture in the FL-AVA group, under-
scoring potential risks associated with traditional access
methods. Lastly, while numerous reports on US-AVA
exist in Western literature, studies in Asia regarding US-
AVA have been limited. Our findings demonstrate that
adopting US-AVA is feasible and effective in Asian popu-
lations, who often have lower BMI/BSA, making it a par-
ticularly suitable and safe method for axillary vein access
in these patients. This study’s results can be a promise
for widespread implementation, suggesting that US-AVA
can significantly enhance the safety and efficacy of CIED
implantation procedures.

Axillary vein as a major route for CIED implantation

Initially, the subclavian vein was favored as a venous
access point for CIEDs due to its large size, which can
accommodate multiple leads [14]. The expeditiousness
and high success rate of this approach, in conjunction
with the ease of its execution, have established it as the
primary choice in many laboratory settings. However,
it has been associated with a higher rate of acute proce-
dural complications, such as pneumothorax. Over the
long term, the subclavian vein may also present issues
such as the “subclavian crush” phenomenon—lead con-
duction fractures or lead insulation damage due to
entrapment of the lead by the costoclavicular ligament
and/or the subclavius muscle [2]. Consequently, it is
no longer recommended as the first-line venous access
point. The cephalic vein offers an alternative route, allow-
ing leads to reach the heart through a pathway that avoids
entrapment by the costoclavicular structures. However,
its small size and steep, angled entrance into the axillary
vein can impede the advancement and handling of leads,
especially multiple ones, resulting in lower success rates
and longer procedural times than other methods.

A safe and effective extrathoracic venous approach
is finally achieved by the axillary vein. The axillary vein
combines the advantages of the subclavian and cephalic
veins. It has a diameter large enough without concern
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Fig. 3 Comparison of (A) procedure time and (B) fluoroscopy time between the fluoroscopy-guided group (FL-guide) and ultrasound-guided
group (US-guide). Only patients with dual chamber devices were compared. Upper and lower box lines denote 75th and 25th percentiles,
and the median is displayed in horizontal lines within boxes. The whiskers denote 5-95% percentiles, while the individual data points (circles)
indicate outliers. The US-guided procedure significantly shortened the procedure and fluoroscopy time

for subclavian crush syndrome, making it an ideal vessel
for CIED lead insertion. The use of the axillary vein for
pacemaker lead insertion has been described since the
1970s, and its use has become more frequent in recent
years [3, 15]. Over the past few decades, a considerable
body of evidence has accumulated supporting both the
axillary and cephalic veins [16, 17]. Usually, axillary vein
access was achieved via fluoroscopy guidance, while the
surgical cutdown method was used for the cephalic vein.
However, fluoroscopy-guided axillary vein access did not
eliminate the risk of pneumothorax, and the cephalic
vein cutdown requires surgical skills that were unfamiliar
to many cardiologists and were subject to significant ana-
tomic variation, making it a persistent challenge in lead
implantation for CIED procedures [18].

In response to these challenges, ultrasound-guided
axillary/cephalic vein access has been introduced and is
being increasingly adopted. Numerous medium-sized
feasibility and retrospective studies and meta-analyses
have been published [19-24]. These studies consistently
report that ultrasound-guided venous access not only
reduces the incidence of mechanical complications but
also significantly diminishes procedural time and expo-
sure to ionizing radiation.

Recently, two randomized studies have been published.
The ACCESS trial was a randomized study compar-
ing intra-pocket ultrasound-guided axillary vein punc-
ture (IPUS-AVP) with cephalic vein cutdown (CVC)
for venous access in CIED implantation [25]. The study
assigned 101 patients to IPUS-AVP and 99 to CVC.

Findings indicated that IPUS-AVP was superior to CVC
in terms of success rate, time to venous access, procedure
duration, and radiation exposure, with similar complica-
tion rates between the two groups. The ZEROFLUOR-
OAXI trial randomized 270 patients into two groups:
a standard group for fluoroscopy-guided axillary vein
puncture (AVP) (n=134) and an experimental group for
ultrasound-guided AVP (n=136) [26]. The composite
outcome was lower in the ultrasound group according
to intention-to-treat analysis, with significant differences
mainly attributed to the lower incidence of inadvertent
axillary arterial puncture (17% vs 6%). Additionally, the
ultrasound group exhibited lower total procedural x-ray
exposure while achieving comparable success rates on the
first attempt. These outcomes reinforce the shift toward
ultrasound-guided techniques, advocating for their gen-
eral adoption in clinical practice due to enhanced safety
and efficiency. Also, these randomized trials corroborate
the trend observed in our research and emphasize the
growing consensus on the advantages of ultrasound guid-
ance in CIED lead implantations.

CVC is rarely performed in Korea, and the fluoros-
copy-guided axillary vein approach is the typical first
approach. Subclavian vein access is not recommended
for initial attempts. The absence of significant vascular
access-related complications in our study indicates the
enhanced control and visibility that ultrasound guidance
offers over traditional fluoroscopic methods. Therefore,
US-AVA should be considered the first-line approach for
axillary vein access during CIED lead implantation.
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Learning curve of US-AVA

While numerous studies on the clinical advantages of
US-AVA exist, reports specifically addressing the learn-
ing curve are relatively scarce. This may be due to the
extensive experience many operators already have with
transvenous CIED lead implantation, making it chal-
lenging to discern significant differences in access times
across methods. Additionally, visualizing the vein with
ultrasound is generally straightforward, contributing to
the perception that the learning curve is not steep.

Studies have shown that the learning curve for US-
AVA is relatively short compared to CVC. However, as
previously mentioned, many researchers are already pro-
ficient in FL-AVA, and the studies show varying results
on the learning curve for US-AVA compared to FL-AVA.
A recent prospective randomized trial by Courtney et al.
suggests that US-AVA may present a significant learn-
ing curve for inexperienced operators compared to FL-
AVA [10]. In addition, a meta-analysis by D’Arrigo et al.,
despite indicating a low quality of evidence, also noted a
steep learning curve for US-AVA [27]. Moreover, varia-
tions in ultrasound equipment and the techniques used
for lead insertion post-vein access across different studies
highlight the need for further research [27]. Future stud-
ies should aim to standardize the methods for extratho-
racic venous access, assessing success rates, complication
rates, and learning curves for different techniques.

On the other hand, a “steep learning curve” indicates
that a skill is initially difficult to learn but becomes easier
over time with practice. It suggests that while the US-
guided approach to axillary vein access may be challeng-
ing to master initially, once it is learned, it can lead to
shorter procedure times and greater efficiency, even for
those still in training.

Limitations of our research

The major limitation of our study is that this was a single-
center retrospective study with a relatively small sample
size. Also, a notable limitation of this study is that all pro-
cedures were performed by a single operator. While this
ensured consistency in technique and minimized vari-
ability, it also limits the generalizability of the findings,
especially in terms of learning curve. The success rates
and complication rates observed in this study may not be
directly applicable to other operators with varying levels
of experience and skill in ultrasound-guided procedures.
Future studies should involve multiple operators to vali-
date the reproducibility of these results across different
clinical settings and skill levels. Additionally, the study
did not account for the learning curve effect, which could
be more pronounced in operators with less prior expe-
rience. Lastly, it should also be noted that our method
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was limited to using a cross-sectional view using a linear
probe before skin incision, without attempting various
approaches to US-AVA, such as a hockey-stick probe or
intra-pocket ultrasound.

Conclusion

This study demonstrated that US-AVA enhances the
safety and efficiency of CIED lead implantations in
Korean patients. Compared to traditional FL-AVA, US-
AVA exhibited lower complication rates, specifically
reducing the incidence of pneumothorax and inadvertent
arterial puncture. In addition, US-AVA reduces proce-
dural and fluoroscopy times, thereby minimizing patient
exposure to ionizing radiation and improving overall
procedural outcomes. These results strongly support the
adoption of US-AVA as a first-line technique for venous
access in CIED procedures. Further large-scale studies
are recommended on this technique to evaluate its effi-
cacy and safety widely across diverse patient groups with
varied anatomical challenges in real clinical practice.
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