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Aims The use of ultrasound (US)-guided venous puncture for cardiac pacing/defibrillation lead placement may minimize the risk of 
periprocedural complications and radiation exposure. However, none of the published studies have been sufficiently pow
ered to recommend this approach as the standard of care. We compare the safety and efficacy of ultrasound-guided axillary 
venous puncture (US-AVP) vs. fluoroscopy-guided access for cardiac implantable electronic devices (CIEDs) by performing 
an individual patient data meta-analysis based on previously published studies.

Methods 
and results

We conducted a thorough literature search encompassing longitudinal investigations (five randomized and one prospective 
studies) reporting data on X-ray-guided and US-AVP for CIED procedures. The primary endpoint was to compare the safety 
of the two techniques. Secondary endpoints included the success rate of each technique, the necessity of switching to al
ternative methods, the time needed to obtain venous access, X-ray exposure, and the occurrence of periprocedural com
plications. Six longitudinal eligible studies were identified including 700 patients (mean age 74.9 ± 12.1 years, 68.4% males). 
The two approaches for venous cannulation showed a similar success rate. The use of an X-ray-guided approach significantly 
increased the risk of inadvertent arterial punctures (OR: 2.15, 95% CI: 2.10–2.21, P = 0.003), after adjustment for potential 
confounders. Conversely, a US-AVP approach reduces time to vascular access, radiation exposure, and the number of at
tempts to vascular access.

Conclusion The US-AVP enhances safety by reducing radiation exposure and time to vascular access while maintaining a low rate of 
major complications compared to the X-ray-guided approach.
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What’s new?

• Ultrasound axillary vein puncture enhances safety by reducing radi
ation exposure and time to vascular access.

• Ultrasound axillary vein puncture is associated with a low rate of 
major complications compared to the X-ray-guided approach.

• Ultrasound axillary vein puncture should be regarded as the optimal 
choice for venous access during cardiac implantable electronic 
device implantation.

Introduction
Venous access is a crucial component of cardiac implantable electronic 
device (CIED) implantation and often presents significant challenges. 
Current international guidelines emphasize the necessity of proficiency 
in axillary vein puncture (AVP) to ensure successful CIED implantation.1

In previous randomized controlled trials (RCTs) and observational 
studies, both cephalic vein cutdown (CVC) and AVP have shown a su
perior safety profile for both acute and chronic complications com
pared to subclavian vein puncture (SVP), exhibiting lower rates of 
acute pneumothorax, haemothorax, and lead fracture during follow- 
up.2–4 From an interventional perspective, CVC may take longer than 
SVP and AVP, and its use may be restricted by the smaller calibre of 
the cephalic vein or challenges in accessing it. Conversely, AVP also ap
pears to be the safest and fastest modality of vascular access for CIED 
implantation.4 However, in daily clinical practice, AVP is frequently per
formed under fluoroscopic guidance, relying solely on bony landmarks,5

especially when venograms are not performed.6 This reliance on 

fluoroscopy can present challenges, particularly if inadvertent puncture 
of the axillary artery occurs, potentially leading to vein compression due 
to periarterial haematoma.

Previous clinical investigations have shown that an ultrasound-guided 
AVP (US-AVP) during CIED implantations is safe and effective, minim
izing the risk of major periprocedural complications.7 However, these 
studies were not sufficiently powered to provide solid evidence recom
mending the US-AVP as the standard of care. Given the paucity of evi
dence and to partially address this knowledge gap, we conducted an 
individual patient-level meta-analysis to compare the efficacy and safety 
of a US-AVP vs. the X-ray-guided approach in patients undergoing 
CIED implantation.

Methods
Study design, search strategy, and selection 
criteria
A systematic review of published research providing data on the safety and 
efficacy between a US-AVP and an X-ray-guided method for CIED proce
dures was conducted in accordance with the Preferred Reporting Items for 
Systematic Review and Meta-Analyses of Individual Participant Data 
(PRISMA-IPD).8 The protocol for this systematic review and individual pa
tient data meta-analysis (IPDMA) was prospectively registered with 
PROSPERO (identifier: CRD42024539623). Each study included into the 
present investigation was approved by local ethics committees, and all pa
tients provided written informed consent.

All relevant publications were identified by searching MEDLINE and 
Scopus from inception up to March 2024. The full search strategy is pre
sented in the Supplementary material online, Table S1. Moreover, we 
searched the bibliographies of the target studies for additional references. 

2                                                                                                                                                                                                    F. Vitali et al.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euae274#supplementary-data


The study selection was independently conducted by two authors (F.V. and 
M.Z.) in a blinded fashion. Any discrepancies in study selection were re
solved by consulting a third author (M.B.) and resolved by collegial discus
sion. Access to anonymized patient-level data was granted from the 
investigators of the studies included.

Inclusion criteria were: (i) randomized trials or prospective studies, 
(ii) written in English, (iii) comparing US-guided vascular access to 
fluoroscopic-AVP, performed irrespectively of venography, or (iv) report
ing the occurrence of periprocedural complications and in-hospital mortal
ity. Patients who underwent CVC or SVP were not included in the analysis.

Risk of bias assessment
Two investigators (Mi.M. and M.Z.) independently assessed the risk of 
bias using the revised Cochrane risk-of-bias tool (RoB 2)9 and the 
Newcastle-Ottawa quality assessment scale (NOS)10 for RCTs and pro
spective studies, respectively. Disagreements, if any, were solved by discus
sion and, if unsolved, by consulting a third investigator (F.V.).

Study population
A patient-level database was created by merging single studies databases 
provided by the studies’ coordinators. Then, individual patient data were 
centrally homogenized and merged in a pooled electronic database that 
was housed at the University of Ferrara, Department of Cardiology. Data 
were checked for integrity and completeness, and the clean data were sub
sequently analysed. Variables were identified, measurements verified, and 
comparisons with individual reports were made. Discrepancies with the 
published data, if any, were resolved by contacting the principal investiga
tors. The following data were collected: demographics, body mass index 
(BMI) in kg/m2, previous history of myocardial infarction, atrial fibrillation, 
diabetes, chronic kidney disease (CKD), left ventricular ejection fraction 
(LVEF), and use of antiplatelets or anticoagulant drugs. Strict protocols 
were followed in all the revised investigations to ensure that, for patients 
receiving a US-guided approach, the probe remained sterile in the operating 
field, thereby minimizing the risk of infection. Moreover, we obtained data 
regarding the type of device, procedural data, and in-hospital outcomes/ 
complications (see Supplementary material online, Tables S2 and S3). The 
different inclusion and exclusion criteria used in revised manuscripts are 
presented in Supplementary material online, Table S4.

Study outcomes
The primary endpoint of the study was to compare the safety in terms of 
acute complications of US-guided vs. X-ray-guided approaches for axillary 
venous access cannulation during PM or ICD implantation. Indeed, as stated 
in the introduction, none of the published studies comparing US vs. 
X-ray-guided approaches for CIED implantation possess the adequate stat
istical power to definitively recommend one technique over the other for 
venous cannulation. Secondary endpoints included the success rates of 
the US- and X-ray-guided approaches, the need to switch to alternative 
techniques, the time required to obtain venous access, X-ray exposure, 
the occurrence of periprocedural complications, and in-hospital mortality. 
Furthermore, given that the existing data yielded varied and inconsistent re
sults concerning the impact of puncture sites for AVP, we conducted a sub- 
analysis to investigate the implications of employing an ‘inside’ vs. ‘outside’ 
pocket strategy, utilizing a large real-world cohort.7

Statistical analysis
We conducted a descriptive analysis of baseline clinical characteristics and 
outcomes, stratifying the population into two groups based on whether a 
US-guided or X-ray-guided approach was used for the cannulation of the 
AV during CIED procedures. Distribution of continuous variables was 
tested for normality with the Shapiro–Wilk test. Continuous variables 
were reported as mean ± standard deviation or median (25th–75th per
centile) and analysed with a Student’s t-test. Categorical variables were re
ported as percentage and compared with χ2 or Fisher’s exact test. To 
investigate the relationship between the risk of inadvertent arterial punc
ture among patients receiving a US- or an X-ray-guided approach, a multi
variate regression analysis with the corresponding 95% confidence intervals 
(CIs) was performed. Specifically, a P-value of <0.10 was pre-defined as the 
cut-off for inclusion of the univariate parameters into the multivariate 

logistic regression model. A two-sided P-value of <0.05 was considered 
statistically significant. All analyses were performed in SPSS (version 26.0) 
and R (version 4.3.2) (R Foundation for Statistical Computing; www. 
Rproject.org), by using the lme4 package.

Results
Included studies
Among 82 studies identified by using our research strategy, eight ful
filled the inclusion criteria (Figure 1). Of these, six datasets were ob
tained with individual patient data, while two studies were excluded 
because the authors did not reply to the data7,11–15 (Figure 1). 
Overall, 700 patients (mean age 74.9 ± 12.1 years, 68.4% males) 
(Figure 2) were included into the final analysis (Tables 1 and 2). 
Characteristics of included studies, and risk of bias assessment accord
ing to the NOS and RoB 2, are shown in Supplementary material online, 
Tables S5 and S6.

Demographic and baseline clinical 
features: ultrasound-guided axillary 
venous puncture vs. X-ray-axillary vein 
puncture
The demographics and baseline clinical characteristics of patients trea
ted using a US-guided or X-ray-guided approach are presented in 
Table 1. The two groups did not differ in age, sex, or BMI. Patients re
ceiving AVP cannulation using the X-ray-guided method had higher 
prevalence of arterial hypertension compared to those who underwent 
the US-guided approach (82.0% vs. 74.6%, P = 0.02). Conversely, a his
tory of CKD was more common in patients treated with the US-guided 
approach (45.6% vs. 36.6%, P = 0.02). No differences were observed 
regarding the use of antiplatelet or anticoagulant drugs between the 
two groups.

Procedural findings
No differences in the success rate of AVP were observed between 
the two groups (US-AVP 97.5% vs. X-ray-AVP 97.4%, P = 0.93). 
Specifically, patients treated with a US-guided approach more frequent
ly received a puncture inside the pocket (82.9% vs. 38.0%, P < 0.001), 
whereas those treated with an X-ray-guided approach more often re
ceived a puncture prior to incision through the skin (61.9% vs. 37.6%, 
P < 0.001). Moreover, patients treated with a US-guided approach 
had lower access X-ray dose area products and needed fewer attempts 
to cannulate the AV. Conversely, no differences were observed regarding 
the cross-over to a different vascular access/imaging modality (Table 3). 
Moreover, patients receiving a US-guided approach exhibited lower total 
procedure dose area product (P < 0.001) and faster vascular access ac
quisition times (P < 0.001), with comparable total fluoroscopy time 
and overall procedure duration across both study groups (Figure 3).

Periprocedural complications
Regarding the occurrence of periprocedural complications, the two 
groups had a similar incidence of pneumothorax (P = 0.44), pocket in
fection (P = 0.25), haematoma (P = 0.11), and acute lead dislodgement 
(P = 0.27). However, a higher incidence of inadvertent arterial puncture 
was observed in patients receiving an X-ray-guided approach (P = 0.006) 
(Table 4 and Supplementary material online, Table S7). Multivariate re
gression analysis confirmed that AVP cannulation using an X-ray-guided 
approach was associated with a higher risk of inadvertent arterial 
puncture (OR: 2.15, 95% CI: 2.10–2.21, P = 0.003), independently 
by the use of antiplatelets or anticoagulants (OR: 2.36, 95% CI: 
1.08–3.21, P = 0.01), puncture strategies as inside the pocket or 
prior to incision through the skin (OR: 1.74, 95% CI: 1.68–1.83, 
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P < 0.001), and history of CKD (OR: 1.53, 95% CI: 1.38–1.72, P = 0.01) 
(Table 5). No differences in the in-hospital mortality rate were ob
served between the two groups (P = 0.59).

Puncture inside the pocket or prior to incision through the 
skin
A subgroup analysis was performed to evaluate potential differences in 
periprocedural complications among patients treated with either a 
US-guided or X-ray-guided approach, considering the type of AVP 
puncture: inside the pocket or prior to incision through the skin. In 
the US-guided group, no significant differences were observed in peri
procedural complications. However, a higher mortality rate was noted 
among patients receiving the puncture inside the pocket, who were 
older (77.8 ± 10.8 vs. 71.9 ± 13.8, P < 0.001), and had a higher preva
lence of arterial hypertension (67.0 vs. 43.2, P < 0.001) and CKD 
(52.9% VS 29.5%, P < 0.001), and more frequently received antiplate
lets or oral anticoagulants (68.5% vs. 44.5%, P < 0.001) compared to 
those who received the puncture on the skin. Conversely, in the 
X-ray-guided group, the occurrence of inadvertent arterial puncture 
was the only significant periprocedural complication, occurring 
more frequently in patients receiving a puncture inside the pocket 
(P < 0.001) (Figure 4).

Discussion
This patient-level meta-analysis suggests the following: 

(1) Both US-guided and X-ray-guided approaches demonstrated com
parable success rates for AV cannulation. However, the US-guided 
approach reduced both total radiation exposure and vascular access 
time.

799 patient-level data

99 patient excluded
(cephalic vein cutdown)

700 patient-level data

N = 400 N = 300

Figure 2 Study flowchart.
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Table 1 General characteristics of the patients enrolled in the reviewed investigations, treated using a ultrasound-guided or an X-ray 
fluoroscopic-guided approach for axillary vein puncture

Vitali et al.11 Courtney et al.13 Jimenez et al.15 Charles et al.7 Migliore et al.12 Tagliari et al.14

Study settings and demographics

Country Italy USA Spain France Italy Brazil

Study design Randomized Randomized Randomized Randomized Prospective Randomized

No. of patients 270 100 120 101 95 44

Mean age (years) 78.5 67.9 74.9 77.0 78 64.6

Males, n (%) 159 (58.9) 68 (68.0) 73 (60.8) 70 (69.3) 58 (61.0) 26 (59.1)

Comorbidities and CV risk factors

HT, n (%) 227 (84.1) 79 (79.0) 101 (84.2) 60 (59.4) NR 28 (63.6)

Previous MI, n (%) 80 (30) 64 (64.0) 26 (21.7) 27 (26.7) NR 8 (18.2)

AF, n (%) 95 (35.2) 38 (38.0) 43 (35.8) 23 (22.8) 24 (25.0) 8 (18.2)

DM, n (%) 82 (30.4) 31 (31.0) 42 (35.0) 29 (28.7) NR 18 (40.9)

HF, n (%) 88 (32.6) 59 (59.0) 29 (24.2) 23 (22.8) NR 13 (29.5)

Mean LVEF, (%) 53.8 47.5 56.2 60.1 NR 51.2

CKD, n (5) 158 (58.5) 40 (40.0) 19 (15.8) 41 (40.6) NR 6 (13.6)

Treatments

Antiplatelet, n (%) 229 (84.8) 64 (64.0) 30 (25.30) 34 (33.7) 34 (36.0) 4 (9.1)

Anticoagulants, n (%) 95 (35.2) 38 (38.0) 43 (35.8) 35 (34.7) 24 (25.0) 10 (22.7)

HT, arterial hypertension; DM, diabetes mellitus; HF, heart failure; LVEF, left ventricular ejection fraction; CKD, chronic kidney disease.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Demographics and baseline clinical characteristics

Entire cohort US-AVP X-ray-AVP P
n = 700 n = 400 n = 300

Demographics

Age (years) 74.9 ± 12.1 74.1 ± 13.2 75.9 ± 11.9 0.07

Males, n (%) 454 (64.8) 248 (62.0) 206 (68.6) 0.15

Body mass index (kg/m2) 29.2 ± 5.0 26.0 ± 2.2 29.4 ± 5.0 0.10

Cardiovascular comorbidities

Hypertension, n (%) [n = 635]a 495 (77.9)a 262 (56.7)a 233 (82.0)a 0.02

Previous MI, n (%) [n = 635]a 352 (55.4)a 199 (56.7)a 153 (53.9)a 0.48

History of HF, n (%) [n = 635]a 212 (33.3)a 123 (35.1) 89 (31.3) 0.30

AF, n (%) 231 (36.3)a 126 (31.5) 105 (35.0) 0.33

Diabetes, n (%) [n = 635]a 202 (31.8)a 111 (31.6)a 91 (32.0)a 0.91

CKD, n (%) [n = 635]a 264 (41.5)a 160 (45.6)a 104 (36.6)a 0.02

LVEF, (%) [n = 635]a 54.1 ± 12.5 53.8 ± 13.4 54.5 ± 11.4 0.51

Antithrombotic treatments

Antiplatelets, n (%) 395 (56.4) 217 (54.2) 178 (59.3) 0.18

Anticoagulants, n (%) 245 (35.0) 140 (35.0) 105 (35.0) 0.99

Device type

PM, n (%) 534 (76.2) 297 (74.2) 237 (79.0) 0.14

ICD, n (%) 166 (23.7) 90 (22.5) 76 (25.3) 0.39

Active fixation leads, n (%) 578 (82.5) 296 (74.0) 282 (94.0) <0.001

AF, atrial fibrillation; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction.
aBased on 635 patients (351 in the US-AVP and 284 in the X-ray-AVP group, respectively).
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(2) Both techniques exhibited similarly low rates of acute periprocedural 
complications. Ultrasound-guided axillary venous puncture cannula
tion, by enabling direct visualization of the needle tip and surrounding 
structures, significantly mitigated the risk of inadvertent arterial 
puncture.

(3) In the X-ray-guided group, inadvertent arterial puncture was more 
frequent among patients who underwent puncture inside the pocket.

Presently, AVP is primarily performed under fluoroscopic guidance, a 
method that has demonstrated superior outcomes in terms of acute 
safety and efficacy when compared to SVP and CVC.4,5 Despite the sig
nificant interest in AVP, the technique for its execution has remained 
largely unchanged since its initial description and standardization.16

While other methods such as venograms6 and caudal fluoroscopy 
views17 have shown effectiveness in specific cases, the persistent chal
lenge lies in the inability to directly visualize the AV and surrounding 
structures like the artery and pleural line. These limitations restrict the 
widespread adoption of this vascular access approach, especially in over
weight/underweight patients and those with a high clavicular take-off.

The current patient-level meta-analysis corroborates previous find
ings7,11 indicating no significant difference in the occurrence of major 
complications related to vascular access between US- and fluoroscopic- 
guided strategies. The observed mortality rate has likely been influ
enced by several factors, including the age of the enrolled patients 
and their burden of pre-existing comorbidities, which may have 
contributed to the exacerbation of chronic cardiovascular and non- 
cardiovascular conditions, thereby affecting the mortality rate. The 
observed differences in total procedure dose area product between 
the groups may be attributed to variations in X-ray power and strength 
utilized across different studies, particularly since three of the studies 
exclusively included patients undergoing X-ray-guided procedures.

Furthermore, present findings indicate that the primary difference 
between ultrasound-guided and fluoroscopy-guided AVP in terms of 
procedural complications was a lower rate of inadvertent axillary arter
ial punctures (4% vs. 10%; P < 0.001). This observation was consistent 
in multivariable analysis, where fluoroscopy-guided AVP significantly in
creased the risk of inadvertent arterial punctures (OR: 2.15, 95% CI: 
2.10–2.21, P = 0.003) after adjusting for potential confounders. While 
AVP generally presents fewer complications compared to CVC and 
SVP, inadvertent axillary artery puncture remains a common intrapro
cedural issue that can prolong procedural time and elevate the risk of 
major complications like significant bleeding and infections.7

Unexpectedly, we did not observe any difference in the rate of 
pneumothorax (PNX) between the two groups. This may be attributed 
to the fact that all the reviewed investigations were performed in highly 
specialized centres by experienced operators; these settings and 

operators could have distorted our results compared to what is com
monly observed in daily clinical practice. Moreover, the lower incidence 
of PNX may be attributed to the fact that all the reviewed investigations 
were conducted in experienced centres. Indeed, previous literature has 
reported an incidence of pneumothorax ranging between 1% and 2% in 
daily clinical practice.7,18,19 Probably, in this context, the use of a US 
approach may be more advantageous for less experienced operators, 
potentially reducing the rate of intraoperative complications. The use 
of a US-guided approach may be more advantageous for less experi
enced operators, potentially reducing the rate of intraoperative compli
cations. Ultrasound provides direct visualization of the AV and 
surrounding structures, along with real-time needle tip monitoring, 
thereby reducing the likelihood of inadvertent arterial puncture. Our 
findings support that US-AVP is a more practical and safer method 
than X-ray-AVP alone. Additionally, employing ultrasound for venous 
access diminishes radiation exposure for both patients and operators.20

Our findings highlighted that vascular access was performed within the 
pocket in 83% of cases using US, while only 38% of patients with X-ray 
access had the same approach. Among these groups, we observed a sig
nificant difference in the incidence of inadvertent arterial puncture. In this 
regard, we cannot exclude the possibility that the results may have been 
influenced by a type II statistical error or some elements of operator bias. 
Therefore, our results cannot definitively affirm the superiority of one 
technique compared to the others but may provide an insightful over
view on the different impact of a US- or X-guided strategy, for AVP, in 
the real-world. However, presented results seem to suggest that if the 
puncture is performed after the skin incision, it is better to use US guid
ance to reduce the risk of inadvertent arterial puncture.

There are two different modalities of AVP both with the use of US and 
under fluoroscopic guidance: puncturing prior to incision through the 
skin or puncturing inside the skin incision before creating the pocket 
for the device. Our results clarified important issues regarding the differ
ences between these approaches. In the US-guided group, no significant 
differences were observed in periprocedural complications, on the other 
hand, in the X-ray-guided group, the occurrence of inadvertent arterial 
puncture occurred more frequently in patients receiving a puncture in
side the pocket. Finally, US-AVP achieves a similar success rate compared 
to X-ray-AVP with fewer minor complications also reducing X-ray ex
posure for both operators and patients as recommended by internation
al consensus papers1 making venous access easier and faster.

Ultrasound provides direct visualization of the AV and surrounding 
structures, along with real-time needle tip monitoring, thereby reducing 
the likelihood of inadvertent arterial puncture. It should be noted that 
several cases of inadvertent arterial puncture are self-limiting and do 
not result in significant serious clinical consequences; however, they 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Procedural data

Entire cohort US-AVP X-ray-AVP P
n = 700 n = 400 n = 300

Puncture inside the pocket, n (%) [n = 459]a 327 (71.2) 219 (82.9) 108 (38.0) <0.001

Puncture prior to incision through the skin, n (%) [n = 459]a 308 (67.1) 132 (37.6) 176 (61.9) <0.001

No. of axially puncture, n 2.3 ± 0.5 1.8 ± 0.3 2.8 ± 0.5 <0.001

Vascular access dose area product, µGy × cm2 [IQR] 573.5 [0–3568.2] 0 [0–1628] 10 344.5 [6363–16 870] <0.001

No. of attempts for vascular access 1.8 ± 0.3 1.3 ± 0.2 2.4 ± 0.3 <0.001

Cross-over to different vascular access/imaging modality [n = 635]b 94 (13.4) 54 (15.4) 40 (14.1) 0.64

Axillary vein puncture failure 18 (2.5) 10 (2.5) 8 (2.6) 0.93

IQR, interquartile range.
aBased on 459 patients (351 in the US-AVP and 108 in the X-ray-AVP group, respectively).
bBased on patients (351 in the US-AVP and 284 in the X-ray-AVP group, respectively).
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Figure 3 Differences for secondary endpoints between X-ray-AVP (blue) and US-AVP (red). (A) Differences in total fluoroscopy time. (B) 
Differences in total procedure duration. (C ) Differences in total procedure dose area product. (D) Differences in time to vascular access.
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Table 4 Occurrence of periprocedural complications and in-hospital death

Entire cohort US-AVP X-ray-AVP P
n = 700 n = 400 n = 300

PNX, n (%) 1 (0.1) 1 (0.2) 0 0.44

Haemothorax, n (%) 0 0 0 –

Pocket infection, n (%) 6 (0.8) 2 (0.5) 4 (1.3) 0.25

Pocket haematoma, n (%) 26 (3.7) 11 (2.7) 15 (5.0) 0.11

Inadvertent arterial puncture, n (%) 39 (7.0) 13 (4.3) 26 (10.2) 0.006

Acute lead dislodgment, n (%) 10 (1.4) 4 (1.0) 6 (2.0) 0.27

In-hospital death, n (%) 16 (2.2) 8 (2.0) 8 (2.6) 0.59

PNX, pneumothorax.
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can increase vascular access time, prolong the procedure, and make 
vascular access more difficult.11 However, the routine use of a 
US-AVP warrants consideration, as they can significantly impact its im
plementation in clinical practice. Key challenges include the need for 
specialized training to ensure that operators are proficient in the tech
nique, which can involve a steep learning curve. Additionally, there may 
be an initial increase in procedural times as operators become familiar 

with the ultrasound equipment and technique. These factors could 
pose barriers to widespread adoption, particularly in settings where 
operators have limited experience with US guidance. Addressing 
these challenges through targeted training programmes and institu
tional support may be essential to facilitate the transition to 
US-AVP and maximize its potential benefits in improving patient 
safety and outcomes.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Univariate and multivariate analyses for the risk of inadvertent arterial puncture

Univariate Multivariate

OR [95% CI] P OR [95% CI] P

X-ray-guided vs. US-guided puncture strategy 2.34 [1.26–4.28] 0.006 2.15 [2.10–2.21] 0.003

Age ≥ 65 0.97 [0.81–1.14] 0.78 –

BMI ≥ 30 0.82 [0.77–1.15] 0.83 –

Antiplatelets/anticoagulants (no vs. yes) 2.41 [1.12–4.36] 0.02 2.36 [1.08–3.21] 0.01

Active fixation leads (no vs. yes) 0.49 [0.22–1.49] 0.84 –

Sites of puncture (inside the pocket vs. prior to incision through the skin) 1.84 [1.70–1.92] <0.001 1.74 [1.68–1.83] <0.001

CKD 1.97 [1.83–2.15] 0.002 1.53 [1.38–1.72] 0.01

BMI, body mass index; CKD, chronic kidney disease; CI, confidence interval; US, ultrasound.
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Strengths and limitations
This is the first IPDMA comparing the safety and efficacy of US-AVP vs. a 
fluoroscopy-guided access for CIED. Published longitudinal investigations 
on the issue reflected the contemporary interventional management and 
the heterogeneous patient population encountered in clinical practice. 
Present analysis, for the first time in medical literature, provides a synthe
sis of current available evidence using different source of data, increasing 
statistical power and offering a more comprehensive perspective on the 
safety and efficacy of US-AVP vs. the use of a fluoroscopy-guided access 
for CIED. However, our study has also several limitations.

First, data collected through systematic reviews are inherently suscep
tible to selection and publication bias. We endeavoured to mitigate this 
by implementing various preventive measures for data collection, includ
ing contacting individual study authors and employing snowballing techni
ques. The limited number of studies included, as well as the relatively 
small sample size and the number of events, represents other important 
limitations. However, in the present study, we included almost all the 
published datasets on this issue. We endeavoured to mitigate this by im
plementing various preventive measures for data collection, including 
contacting individual study authors and employing snowballing techni
ques. Secondly, our analyses were stratified based on only two variables, 
which may be insufficient for identifying distinct groups of individuals. 
However, the selected phenotypes were characterized by substantial 
clinical uncertainty. Thirdly, while most endpoints were consistent across 
studies, an independent event adjudication committee evaluated their oc
currence in only a minority of cases. Additionally, although we did not ex
clude any specific participant group, certain types of patients may have 
been underrepresented or excluded, cautioning against generalizing our 
findings to suggest equal treatment efficacy across all patient groups. 
Moreover, the inclusion of only a single population arm in our 
meta-analysis, particularly given that three of the six studies compared 
CVC to X-ray-guided axillary vein puncture—while excluding patients 
who underwent X-ray and ultrasound-guided axillary vein access—may 
have introduced biases that could affect the overall validity of our findings. 
The effectiveness of ultrasound and X-ray-guided techniques for vascular 
access during CIED implantation is influenced by various factors, including 
equipment availability, operator experience, and procedural variations, all 
of which may have partially biased our results. Moreover, we cannot ex
clude the possibility that the short-term follow-up may have missed some 
complications, such as infections, which can develop over a longer period. 
The absence of data regarding the use of specific materials, as well as 
micro-puncture needles, further limited our ability to perform dedicated 
sub-analyses. In addition, we were unable to explore the potential com
peting risk of death, which might have partially influenced our results. 
Finally, our exploration of short-term outcomes precludes definitive con
clusions about long-term outcomes; thus, further studies are warranted 
to validate our findings over an extended period.

Conclusions
Our results indicate that the US-AVP enhances safety by reducing radi
ation exposure and time to vascular access while maintaining a low rate 
of major complications compared to the X-ray-guided approach. 
Therefore, a US-guided approach may be regarded as optimal for ven
ous access during CIED implantation; however, further large-scale real- 
world analyses are necessary to validate these preliminary findings.
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