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ABSTRACT

Background and Aims: The need for transvenous lead extraction (TLE) is rising due to increased cardiovascular device
implantation and an aging population. While the superior access is standard, complex cases may benefit from the Tandem
approach, combining femoral and superior access to improve efficacy and safety. This study evaluates outcomes and predictors
associated with the Tandem approach as a primary strategy.

Methods: A retrospective analysis was conducted on 148 patients who underwent Tandem TLE at a high-volume UK center
between September 2020 and December 2024. Data on procedural success, complete lead removal, complications, and outcome
predictors were collected. The Needle's eye snare (NES) learning curve was assessed via fluoroscopy time.

Results: Median patient age was 72.4 years, with 42.6% considered high-risk (EROS 3). 319 leads were targeted, with 81.2%
extracted via the Tandem approach. Clinical procedural success was 97.3%, and complete lead removal 93%. Use of Medtronic
leads was the sole independent predictor of complete lead removal. Major complications occurred in 3.4% of cases, with no
procedural mortality. BMI < 25 kg/m?2 and extraction of > 3 leads were predictors of complications and 30-day mortality. NES
proficiency improved significantly after 40 leads (p < 0.001), confirming a learning curve.

Conclusion: The Tandem approach is a safe and effective primary strategy for complex TLE, particularly in cases involving
passive fixation, shock, and long dwell times leads. However, widespread use may be limited by resource intensity, increased
fluoroscopy exposure, and the need for experienced operators.

1 | Introduction However, intravascular and intracardiac fibrosis often compli-

cate the procedure, posing significant challenges and risks [4].
The prevalence of transvenous lead extraction (TLE) is steadily To overcome these difficulties, a range of specialized tools and
increasing, driven by the growing use of cardiovascular techniques have been developed [5-10]. These include locking
implantable electronic devices (CIEDs), an aging population, stylets, rotational sheaths, and snares deployed via femoral or
and expanding indications for extraction [1]. TLE is predomi-  jugular veins [11-13]. Among these, rotational sheaths,
nantly performed percutaneously, addressing both infectious advanced over the lead from the venous entry site, have
and noninfectious indications [2, 3]. emerged as the primary tool for lead extraction. While highly

Abbreviations: CIED, cardiovascular implantable electronic devices; NES, Needle's eye snare; RA, right atrium; RV, right ventricle; SVC, superior vena cava; TLE, transvenous lead extraction.
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effective, these methods are not without risks, including severe
morbidity and mortality. Injury to the superior vena cava (SVC)
remains the most critical complication, typically resulting from
acute angulation at the junction of the innominate vein and
SVC where the sheath tip may deviate from a coaxial path,
inadvertently advancing into the SVC wall [14, 15].

Despite advancements in technique, achieving complete lead
removal from superior access is not always possible. When this
occurs, specialized snare tools introduced through the femoral
vein are employed to complete the extraction [12, 13]. This
“bail-out” approach is required in approximately 5% of cases,
which often involve complex scenarios such as extended lead
dwell times or multiple leads [16]. Interestingly, a small group
of operators have achieved success rates as high as 98% using
femoral access as the primary route for TLE [17].

Additionally, the “Tandem approach”, which combines superior
and femoral access, has been introduced as an advanced technique
[18, 19]. This method offers geometric advantages and reduces the
risk of SVC injury but remains limited to a few specialized centers
[20]. At St. George's Hospital, London, UK, a high-volume center -
defined as a center performing over 30 TLE procedures annually—
we routinely integrate femoral snare techniques into our initial
approach, particularly for high-risk cases [8].

In this study, we present our pioneering experience with the
Tandem approach, employed as a primary procedural step
rather than as a “bail-out” strategy. We analyze its safety and
efficacy, assess the predictors of complete lead removal and
major complications, and provide insights into the learning
curve associated with the Needle's Eye Snare (NES) technique,
as performed by a single operator.

2 | Materials and Methods

We conducted a retrospective analysis of all patients who un-
derwent TLE using the Tandem femoral-superior technique as
the primary approach at St. George's Hospital, between Sep-
tember 2020 and December 2024. A single operator was
responsible for utilizing the NES for all cases except those
involving the lowest risk targeted leads, while another experi-
enced operator managed the subclavian access.

Patients were stratified into two groups according to the vali-
dated ELECTRa Registry Outcome Score (EROS): low risk
(EROS 1-2) and high risk (EROS 3) [21]. Patients and proce-
dural data were retrospectively collected using a secure web-
based database, encompassing detailed information on each
implanted lead, device, and tool used. The data were analyzed
to evaluate the efficacy and safety of the procedure. Specifically,
all procedural reports and images were meticulously reviewed
to determine clinical procedural success and complete lead
removal rates, as well as to document any intraprocedural
complications. Fluoroscopy times required to grasp individual
leads were recorded to assess the learning curve associated with
NES usage. Postprocedure echocardiograms were analyzed to
identify and quantify changes in tricuspid regurgitation fol-
lowing the extraction. Progress notes and discharge summaries
were reviewed to detect complications arising during the
index hospitalization, and to evaluate 30-day mortality rates
(Central Illustration 1).

The study adhered to local institutional review board guidelines
and complied with the principles outlined in the Declaration
of Helsinki. All TLE procedures were defined and conducted
according to the consensus papers of the Heart Rhythm
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CENTRAL ILLUSTRATION 1 | This study presents the largest single-center retrospective analysis to date on the tandem extraction technique,

which leverages both superior and inferior venous access to minimize risks such as superior vena cava (SVC) tears and myocardial invaginations. The

research evaluates procedural efficacy, safety, and the associated learning curve, while also identifying predictors of successful and safe outcomes.

Results show high procedural efficacy and safety in a high-risk cohort of patients, with a relatively short time required to master the technique.

Journal of Cardiovascular Electrophysiology, 2025

850807 SUOWIWIOD A1) 3ol [dde ayy Aq peusenoh ae sape VO ‘8sn Jo Se|n. 1oy Areiqi8uljuO 8|1 UO (SUORIPUOD-PUB-SWBIW0D A8 | IMAleIq Ul Uo//:SANY) SUOTIPUOD pue SWis | 38U 88S *[5202/2T/ZT] uo Ariqi]auliuo 8|1 ‘uopuo JO AisieAiun Sabi0e9 15 Aq 2020290 (/TTTT'OT/I0p/w00 A8 | Arelq1jeuljuoy/sdny wouy pepeojumoq ‘0 ‘Z9T80VST



Society (HRS) and the European Heart Rhythm Association
(EHRA) [2, 3].

3 | Definitions

Outcomes were defined in accordance with HRS and EHRA
consensus papers [2, 3].

Clinical procedural success was defined as the removal of all
targeted leads without retaining any lead segment longer than
4cm and without resulting in any permanently disabling
complication or procedure-related death.

Complete lead removal was defined on a per-lead basis and
required no retained lead material visible radiographically.

Complications were defined as any unintended outcomes of the
extraction procedure that caused suffering, disability, prolonged
hospitalization, or required additional interventions or phar-
macological therapy. These complications were further catego-
rized as major or minor. A complication was classified as major
if it resulted in the patient's death, persistent disability, or
required significant interventions such as cardiac surgery,
pericardiocentesis, or vascular surgery. In contrast, a compli-
cation was considered minor if it involved an undesirable out-
come that did not impair the patient's function or result in
death. Procedure-related fatalities were defined as deaths oc-
curring on the day of the procedure or as a direct consequence
of a procedure-related complication.

4 | Statistics

Categorical variables were expressed as numbers and percent-
ages, while continuous variables were presented as mean +
standard deviation for normally distributed data, and as median
(interquartile range) for nonnormally distributed data. Data
distribution was assessed using the Kolmogorov-Smirnov test.
Differences between patient groups were analyzed using the 2
test for categorical variables and the Student's t-test for con-
tinuous variables.

Univariate and multivariate binary logistic regression analyses
were conducted to identify predictors of complete lead removal
and procedure-related major complications, including death.
Variables that were statistically significant in univariate analy-
sis, along with clinically relevant covariates, were included in
the multivariable model. A logarithmic regression analysis was
performed to assess the learning curve.

A two-sided p-value of <0.05 was considered statistically sig-

nificant. All statistical analyses were conducted using SPSS
Statistics 29 (IBM, Chicago, IL, USA).

5 | Extraction Technique

For every TLE procedure, a cardiac surgeon and perfusionist
were on standby, and the procedure was conducted in the

cardiac catheterization suite under general anesthesia, except
for one case. Femoral venous access with invasive arterial
pressure monitoring was prepared before the extraction, and
temporary pacing systems were placed as needed. Standard
preoperative imaging included a chest radiograph and trans-
thoracic echocardiogram, with transoesophageal echocardio-
grams reserved for patients with known or suspected device
infections. For each case, blood products were prepared in
advance (“Group and Save”), and a SVC occlusion balloon was
made available in the Cath lab for immediate use if required in
the event of an SVC perforation, but not deployed.

The Tandem approach procedure followed a standardized protocol
(Figure 1 and Video 1). The extraction began with the standard
preparation of leads at the implant site. The device pocket was
opened and the hardware was dissected free and the leads were
mobilized. While the first operator dissected the implant site,
the second operator secured femoral venous access and
advanced a 16F outer sheath (Merit Medical, UT, USA) through
the right femoral vein into the right atrium (RA) (Figure 1A). A
curved inner 12F sheath containing the NES was then guided
into the RA, where its curved tip improved the direction and
reach of the snare compared to a straight inner-sheath.

For active fixation leads with an extendable-retractable helix,
retraction of the helix was attempted by inserting a standard
stylet and rotating the proximal pin. If unsuccessful, an attempt
to unscrew the lead from the endocardium was made by
rotating the snare counterclockwise.

The leads were then cut, and a locking stylet (Liberator Beacon
Tip, Merit Medical, UT, USA) was deployed, followed by a
compression coil (OneTie, Merit Medical, UT, USA) to secure
the lead to the locking stylet. After deploying the locking stylet,
the NES was used to grasp the targeted lead in the RA
(Figure 1B). Both operators applied firm, opposing traction on
the lead to maintain balance, ensuring that the interaction point
between the snare and the lead remained in the lower part of
the RA. This technique allows to straighten the lead within the
SVC and RA (Figure 1C).

A rotational dissecting tool (Evolution RL, Merit Medical, UT,
USA; or TightRail, Philips, Amsterdam, Netherlands) was
advanced over the lead to dissect it free from adhesions, aided by
traction on the locking stylet (Figure 1D). Upon reaching the
SVC, the nonrotating outer sheath was advanced in a controlled
piston motion to avoid unprotected use of the rotational blade in
this region. The rotational sheath was then guided within the
outer sheath. Traction and countertraction were maintained
while the rotational sheath dissected the lead free from adhesions
until it reached the NES (Figure 1E). The lead was released from
the snare to allow the rotational sheath to continue toward the
lead tip (Figure 1F). When the lead tip was engaged (Figure 1G),
the rotational mechanism removed adhesions in a controlled
fashion, enabling lead extraction either from above or with
assistance from the snare below (Figure 1H).

No active femoral venous closure devices were used after re-
moving the femoral workstation; instead, a figure-of-eight stitch
was typically applied to the skin and subcutaneous tissues.
Postoperatively, patients were placed on 6 h of bed rest.
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FIGURE 1 | Tandem procedure. (A) At the start of the procedure, the second operator places a 16F outer femoral sheath at the junction between
the inferior vena cava and the right atrium (RA). (B) A Needle's eye snare (NES) is advanced through the 12F inner femoral sheath into the RA,
positioned around the targeted lead as close as possible to the tricuspid valve. Once the position is satisfactory, the threader is released, and the lead is
grasped. (C) After securing the lead, both operators apply traction from top and below in opposite directions to straighten the lead, reducing stress on
the superior vena cava (SVC) wall and right ventricular (RV) myocardium during subclavian dissection. (D) Simultaneously, the first operator begins
dissection with the rotational sheath from the implant vein. (E) Once the rotational sheath reaches the femoral sheath, the NES is released. (F) With
a straight path now cleared, the rotational sheath can advance toward the RV apex, passing only the tricuspid valve. (G) The rotational sheath
continues to the RV, working to engulf the lead tip. (H) Once the rotational sheath reaches the distal portion of the lead, the rotating mechanism
peels the adhesions away to free the lead tip and complete the extraction.

6 | Results
6.1 | Patient and Lead Characteristics

Between September 2020 and December 2024, a total of 148
patients underwent TLE using the Tandem approach as a first-
line strategy. The median patient age was 72.4 years (IQR:
58.5-79.6), and 106 (71.6%) were male. Nearly half the patients,
63 (42.6%), were classified as high-risk (EROS 3). The most
prevalent comorbidities included heart failure (n = 83, 56.1%),
atrial fibrillation (n = 66, 44.6%), hypertension (n = 63, 42.6%),
ischemic heart disease (n=46, 31.1%), and diabetes (n = 36,
24.3%). The average left ventricular ejection fraction (LVEF)
was 47.3 + 13.5%, with a mean CHA,DS,-VA score of 3.0.

Device types included dual-chamber devices in exactly half of
the cases (49 pacemakers and 25 defibrillators), with cardiac
resynchronization therapy (CRT) accounting for a substantial
proportion (13 pacemakers and 30 defibrillators, 29.1% overall).
The main indication for TLE was noninfectious (61.5%), pre-
dominantly due to lead failure, while infectious indications
accounted for the other 38.5% of cases. Additional baseline
patient characteristics are summarized in Table 1.

In total, 319 leads were targeted for extraction (an average of 2.2
leads per procedure), with one lead not extracted due to ex-
tensive adhesions and SVC occlusion. Of the remaining 318

leads, 258 (81.2%) were extracted using the Tandem approach,
37 (11.6%) were extracted via manual traction, and 23 (7.2%)
using a rotational sheath alone (Figure 2). The primary reason
for rotational extraction without tandem assistance was that
another lead was spontaneously detached from the heart sur-
face during the procedure, making the Tandem approach
unnecessary.

The following analysis focuses exclusively on the 258 leads
extracted using the Tandem approach, as they are the primary
focus of this study. Among them, the majority were right ven-
tricular (RV) (58.5%), Medtronic (55.0%), pacing (73.3%), and
active fixation (62.4%) leads. The mean implant duration was
12.7 + 7.1 years, with the longest implant duration recorded at
39.9 years. Additional baseline characteristics of the leads are
summarized in Table 2.

Among all rotational sheaths, the most frequently used was
the Evolution RL system (145 cases, 98.0%), while the Tigh-
tRail was employed in only three cases (2.0%). Specifically, the
13F Evolution RL sheath was utilized in the majority of pro-
cedures (n =81, 54.7%). Regarding snares, the NES was used
in all procedures, with additional snares (EN Snare or ONE
Snare) required in only 27 cases, 19 for retrieval of lead
fragments and 8 for the subclavian-to-jugular pull-through
technique [10]. Additional equipment characteristics are
summarized in Table 3.
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TABLE 1 | Baseline characteristics of the patients.

EROS 1-2 (n=285) EROS 3 (n=63) Total (n=148) p value

Age, years, median (IQR) 73.1 (59.3—79.5) 70.2 (58.3—80.2) 72.4 (58.5—79.6) 0.548
Sex 0.289

Male, n (%) 58 (68.2) 48 (76.2) 106 (71.6)

Female, n (%) 27 (31.8) 15 (23.8) 42 (28.4)
BMI, kg/m?, median (IQR) 27.1 (23.8—29.6) 26.1 (24.0—30.0) 26.3 (23.9-29.8) 0.605
LVEF (%), mean + SD 48.4+12.6 45.7+14.4 47.3+13.5 0.232
Heart failure, n (%) 52 (61.2) 31 (49.2) 83 (56.1) 0.147
Atrial fibrillation, n (%) 36 (42.4) 30 (47.6) 66 (44.6) 0.524
Hypertension, n (%) 40 (47.1) 23 (36.5) 63 (42.6) 0.199
Ischemic heart disease, n (%) 27 (31.8) 19 (30.2) 46 (31.1) 0.835
Diabetes, n (%) 24 (28.2) 12 (19.0) 36 (24.3) 0.198
Chronic kidney disease, n (%) 15 (17.6) 13 (20.6) 28 (18.9) 0.646
COPD, n (%) 14 (16.5) 10 (15.9) 24 (16.2) 0.922
CHADS-VA, mean + SD 32+19 27+1.8 3.0+1.9 0.118
Implanted device 0.134

PM-SR, n (%) 4 (4.7) 8 (12.7) 12 (8.1)

PM-DR, n (%) 31 (36.5) 18 (28.6) 49 (33.1)

ICD-SR, n (%) 11 (12.9) 8 (12.7) 19 (12.8)

ICD-DR, n (%) 10 (11.8) 15 (23.8) 25 (16.9)

CRT-P, n (%) 9 (10.6) 4 (6.3) 13 (8.8)

CRT-D, n (%) 20 (23.5) 10 (15.9) 30 (20.3)
Procedure indication 0.017
Infection, n (%) 28 (32.9) 29 (46.0) 57 (38.5)

Local infection, n (%) 21 (24.7) 24 (38.1) 45 (30.4)

Systemic infection, n (%) 7 (8.2) 5(7.9) 12 (8.1)
No infection, n (%) 57 (67.1) 34 (54.0) 91 (61.5)

Lead failure, n (%) 40 (47.1) 32 (50.8) 72 (48.6)

Upgrade + venous occlusion, n (%) 17 (20.0) 2(3.2) 19 (12.8)

Note: Values are presented as n (%), mean + SD, median, and IQR.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; EROS, ELECTRa Registry Outcome Score;
ICD, implantable cardioverter defibrillator; IQR, inter-quartile range; LVEF, left ventricular ejection fraction; PM, pacemaker; SD, standard deviation.

7 | Efficacy and Safety Outcomes

The median procedure time was 97.0 min (IQR: 68.0—122.5),
with a median fluoroscopy time of 937.0' s (IQR: 569.0—1462.0).
Clinical procedural success was achieved in 144 of 148 patients
(97.3%), with no significant differences according to EROS
(p =0.184). Complete lead removal was achieved in 240 of 258
targeted leads (93.0%). The majority of leads (n =292, 89.9%)
were removed via the traditional subclavian approach, 8 (3.1%)
were extracted using the subclavian-to-jugular pull-through
technique, and 18 (7.0%) were completed via the femoral vein
access, typically due to lead disruption [10]. Procedural char-
acteristics are summarized in Tables 4 and 5.

There were five major complications, with no significant dif-
ferences according to EROS (p =0.423). Two cases of proce-
dural ventricular fibrillation occurred due to mechanical

irritation of the RV during extraction or reimplantation,
both successfully terminated with defibrillation and without
sequelae. One patient developed symptomatic severe bradycar-
dia the day after the procedure, requiring isoprenaline infusion
and permanent pacing. One esophageal perforation occurred,
related to the attempt at transoesophageal probe insertion,
and unrelated to the extraction itself. Finally, one contained
SVC dissection (Figure 3 and Video 2) was observed without
hemodynamic compromise, identified during temporary-
permanent pacemaker reimplantation, and managed conserva-
tively. There were no cases of a haemothorax, stroke, or a
pericardial effusion requiring drainage and no SVC balloon was
deployed. There was no procedural mortality, but four patients
(2.7%) died within 30-days, all of whom presented with systemic
infection or poor baseline conditions. Details of all major
complications, including 30-day mortality, are summarized in
Table 6.
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undergoing transvenous
lead extraction using
tandem approach

318 leads extracted

23 with rotational 258 with tandem

37 with manual traction .
technique approach

v

FIGURE 2 | Study flow-chart.

TABLE 2 | Baseline characteristics of the leads.

Manual traction Rotational Tandem approach All leads
removal (n =37) removal (n=23) removal (n = 258) (n=318) p value

Dwell time, years, mean + SD 4.0+3.7 11.7+ 6.6 12.7+7.1 11.6 +7.3 < 0.001
Position <0.001

RA, n (%) 12 (32.4) 8 (34.8) 92 (35.7) 112 (35.2)

RV, n (%) 13 (35.1) 11 (47.8) 151 (58.5) 175 (55.0)

LV, n (%) 12 (32.4) 4 (17.4) 15 (5.8) 31 (9.7)
Manufacturer 0.036

Medtronic, n (%) 17 (45.9) 12 (52.2) 142 (55.0) 171 (53.8)

Abbott, n (%) 11 (29.7) 3 (13.0) 31 (12.0) 45 (14.2)

Boston Scientific, n (%) 6 (16.2) 5(21.7) 34 (13.2) 45 (14.2)

Biotronik, n (%) 2 (5.4) 0 (0.0) 24 (9.3) 26 (8.2)

Microport, n (%) 0 (0.0) 1(4.3) 5(1.9) 6 (1.9)

Other, n (%) 0 (0.0) 1(4.3) 4 (1.6) 5(1.6)

Unknown, n (%) 1(2.7) 1(4.3) 18 (7.0) 20 (6.3)
Type 0.047

Pacing, n (%) 34 (91.9) 17 (73.9) 189 (73.3) 240 (75.5)

Shock, 1 (%) 3(8.1) 6 (26.1) 69 (26.7) 78 (24.5)
Fixation 0.538

Active, n (%) 24 (64.9) 17 (73.9) 161 (62.4) 202 (63.5)

Passive, n (%) 13 (35.1) 6 (26.1) 97 (37.6) 116 (36.5)

Note: Values are presented as n (%) and mean + SD, median.
Abbreviations: LV, left ventricle; RA, right atrium; RV, right ventricle; SD, standard deviation.
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TABLE 3 | Equipment used.

Total (n=148)

Snares

Needle's eye femoral snare, n (%) 148 (100)

ONE snare, n (%) 23 (15.5)

EN snare, n (%) 4(2.7)
Tools

One-tie compression coil, n (%) 145 (98.0)

Liberator beacon tip locking stylet, n (%) 144 (97.3)

Bulldog lead extender, n (%) 30 (20.3)
Rotational sheath

Evolution shortie RL 9F, n (%) 5(3.4)

Evolution shortie RL 11F, n (%) 34 (23.0)

Evolution RL 9F, n (%) 21 (14.2)

Evolution RL 11F, n (%) 74 (50.0)

Evolution RL 13F, n (%) 81 (54.7)

Tightrail, n (%) 3 (2.0)

Note: Values are presented as n (%).

Minor complications occurred in 12 out of 148 patients (8.1%),
most commonly pocket hematomas requiring evacuation and
worsening tricuspid regurgitation. The latter was frequently
noted on intraoperative transoesophageal echocardiography
but lacked significant clinical correlation. A complete list of
outcomes is detailed in Table 4.

7.1 | Predictors

Multivariate logistic regression identified lead manufacturer as
the only independent predictor of complete lead removal, with
Medtronic leads demonstrating odds of complete removal more
than 20 times higher than those of other manufacturers
(OR =21.377, p =0.004) (Figure 4).

In the same analysis, predictors of major complications,
including 30-day mortality, were a body mass index
(BMI) < 25kg/m2 (OR =22.251, p=0.004) and procedures
involving three or more targeted leads (OR =10.051,
p =0.039) (Figure 5).

7.2 | Learning Curve

The median fluoroscopy time required to grasp each lead was
32.9s (IQR: 15.5—81.5). A statistically significant logarithmic
correlation (r=—0.244, p < 0.001) was observed between fluo-
roscopy time and the number of leads extracted, with a plateau
effect after approximately 40 leads. Indeed, subgroup analysis
revealed a notable decrease in fluoroscopy times: the average
time to grasp each lead in the first 40 leads was 188.4 s, which
significantly decreased to 56.9 s in subsequent cases (p < 0.001)
(Figure 6).

8 | Discussion

The Tandem approach evolved from an earlier reliance on a
femoral-only technique for lead extraction and has been
described previously [18-20]. Our study of 148 patients repre-
sents the largest reported series of this technique to date. All
procedures in our cohort exclusively used a single superior
sheath type, a rotational sheath, due to its superior efficacy and
safety profile demonstrated in a recent meta-analysis [15].

The Tandem approach in our series demonstrated efficacy
outcomes comparable to those reported in other large TLE
studies that predominantly rely on the superior approach, such
as ELECTRa and PROMET, where clinical procedural success
rates typically range from 96% to 98% [8, 9]. In our cohort,
clinical procedural success and complete lead removal rates
(97.3% and 93.0%, respectively) aligned closely with the out-
comes reported by Mubhlestein et al. (96.2% and 92.1%, respec-
tively), who also employed the Tandem approach as a first-line
strategy for TLE [20]. These consistent and reproducible results
affirm the effectiveness of the Tandem approach for TLE.

The benefits of the Tandem procedure were particularly evident
among patients with leads of prolonged dwell time, passive
fixation, and shock leads, categories traditionally associated
with higher risks of incomplete lead removal and procedural
complications due to dense encapsulation [22-27]. In our
cohort, the average lead dwell time was 12.7 years, the longest
reported in any series [5, 7-9, 20]. Despite this, complete lead
removal success was achieved at rates comparable to other
studies. Our multivariate logistic regression analysis confirmed
that lead dwell time (> 13 years), passive fixation, and shock
leads were not predictors of partial lead removal when using the
Tandem approach (Figure 4). This success can be attributed to
the countertraction provided by the femoral snare, which
stretches and straightens the encapsulating tissue, aligning it
coaxially with the rotational sheath and enabling a clean and
efficient dissection of adhesions. Moreover, the Tandem
approach enhances the likelihood of the extraction sheath
reaching the lead tip, allowing for more effective and complete
dissection of adhesion tissue, which is often most securely
bound at this site, particularly in cases of passive fixation
[22, 26].

The sole predictor of complete lead removal was the presence of
Medtronic leads. These leads are more durable due to their
robust design, which resists high mechanical stress. This was
confirmed in bench testing, where CapSure Sense and CapSure
Fix Medtronic leads demonstrated greater tensile strength than
other manufacturers' leads, requiring more force before elon-
gation, especially when snared [28, 29].

An additional advantage of the Tandem approach is the safe
extraction of leads that cannot be removed via the superior
approach, particularly in cases of SVC occlusion, by using the
femoral route with the NES. In our cohort, 18 leads (7.0%) were
extracted this way, and only a minority of them required fem-
oral removal due to snare-lead entanglement.

On the other hand, our results indicate that a Tandem femoral-
superior strategy can achieve comparable complication rates to
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TABLE 4 | Procedural characteristics and outcomes.
EROS 1-2 (n=85) EROS 3 (n=63) Total (n =148) p value
Procedural characteristics
Procedure time, minutes, median (IQR) 90.0 (63.0—113.0) 104.0 (84.5—134.0) 97.0 (68.0—122.5) <0.001

Fluoroscopy time, seconds,
median (IQR)

Skin dose, mGy, median (IQR)

Target leads, mean + SD 2.0+0.8
TPW inserted (pacing dependent), n (%) 27 (31.8)
Efficacy
Clinical success, n (%) 84 (98.8)
Clinical failure, n (%) 1(1.2)
Mortality, n (%) 1(1.2)
Procedural, n (%) 0 (0.0)
30-day, n (%) 1(1.2)
Major complications, n (%) 2(2.4)
Procedural ventricular fibrillation, n (%) 0 (0.0)
Severe bradycardia requiring pacing, 1(1.2)
n (%)
Esophageal perforation, n (%) 0 (0.0)
Vascular laceration, n (%) 1(1.2)
Minor complications, n (%) 6 (7.1)
Hematoma requiring evacuation, n (%) 2(2.4)
Worsening tricuspid valve function, n (%) 0 (0.0)
Temporary asystole, n (%) 1(1.2)
Damage to nontarget leads, n (%) 1(1.2)
Pericardial effusion without 2(2.4)
intervention, n (%)
Hypertensive crisis, n (%) 0 (0.0)

846.5 (482.0—1311.5)

37.7 (19.5—60.9)

1100.0 (626.5—1690.0) 937.0 (569.0—1462.0) 0.014

42.6 (27.4—92.0) 40.1 (22.2—76.9) 0.081
24+1.0 22409 0.014
26 (41.3) 53 (35.8) 0.233

0.184

60 (95.2) 144 (97.3)

3 (4.8) 4 (2.7
3 (4.8) 4(2.7) 0.635
0 (0.0) 0 (0.0)
3 (4.8) 4(2.7)
3 (4.8) 5(3.4) 0.423
2(3.2) 2 (1.4) 0.257
0 (0.0) 1(0.7) 0.134
1(1.6) 1(0.7) 0.453
0 (0.0) 1(0.7) 0.134
6 (9.5) 12 (8.1) 0.587
1(1.6) 3(2.0) 0.505
3 (4.8) 3(2.0) 0.046
1(1.6) 2 (1.4) 1.000
0 (0.0) 1(0.7) 0.296
0 (0.0) 2 (1.4) 0.121
1(1.6) 1(0.7) 0.296

Note: Values are presented as n (%), mean + SD, median and IQR.

Abbreviations: EROS, ELECTRa Registry Outcome Score; IQR, inter-quartile range; SD, standard deviation; TPW, temporary pacing wire.

conventional TLE, with no procedural mortality recorded in our
series [2, 3]. A detailed analysis of our five major complications
shows that all were reversible, and none were immediately life-
threatening. The single esophageal perforation was related to
the attempted transoesophageal probe insertion and not the
extraction itself. Two episodes of ventricular fibrillation resulted
from guidewire irritation of the RV, a known risk in pacing
procedures, and were promptly treated with defibrillation. The
severe bradycardia observed the day after the procedure oc-
curred because the patient had been intentionally left without a
temporary wire, to allow evaluation of the need for definitive
pacing. Finally, the SVC dissection was not directly caused by
the rotational tool. In this case, the lead had been successfully
extracted using the Tandem approach; during reimplantation, a
standard-length peelable sheath in the innominate vein allowed
the new lead to inadvertently enter a dissection plane. When
resistance was encountered, a Terumo wire was introduced,
which extended the dissection into the SVC due to its high
lubricity. Indeed, contrast injection confirmed that the
false lumen originated in the innominate vein and extended

into the SVC (Figure 3 and Video 2) without consequence. The
complication was managed conservatively, with temporary
pacing via the jugular vein and successful right-sided implan-
tation a few days later. This complication highlights an
important learning point: following lead extraction, long
sheaths should be preferred for reimplantation to bypass
potential dissection planes in the venous system instrumented
by dissecting sheaths, and ensure safe access to the RA.

Notably, a significant proportion of patients (42.6%) in our
series belonged to the EROS 3 risk category, which is reported
to be associated with higher complication rates (5.1%) and
lower clinical procedural success rates (89%) [21]. Despite this,
our efficacy and complication rates remained consistent across
all patients, regardless their EROS. This finding is further
supported by the multivariate logistic regression, which dem-
onstrated that the EROS 3 risk category was not a predictor of
major complications, including 30-day mortality (Figure 5).
These results highlight the potential of the Tandem approach as
a first-line strategy in this high-risk patient subgroup. Similar
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TABLE 5 | Procedural characteristics of the leads.

Manual traction Rotational Tandem approach All leads
removal (n=37) removal (n=23) removal (n = 258) (n=318) p value
Efficacy 0.109
Complete removal, n (%) 37 (100) 23 (100) 240 (93.0) 300 (94.3)
Partial removal, n (%) 0 (0.0) 0 (0.0) 18 (7.0) 18 (5.7)
Removal site 0.160
Subclavian, n (%) 37 (100) 23 (100) 232 (89.9) 292 (91.8)
Jugular, n (%) 0 (0.0) 0 (0.0) 8 (3.1) 8 (2.5)
Femoral, n (%) 0 (0.0) 0 (0.0) 18 (7.0) 18 (5.7)
Tandem approach details
Grab time, minutes, / 2 (1-5) /
median (IQR)
Grab fluoroscopy / 32.9 (15.5-81.5) /

time, seconds,
median (IQR)

Note: Values are presented as n (%), median and IQR.

FIGURE 3 | Contrast injection demonstrating a contained SVC
dissection originating from the innominate vein.

outcomes were observed even in patients with other significant
risk factors, such as age > 75 years and infectious indications.

One of the most severe complications of TLE is SVC tear, which
can result in catastrophic bleeding [30]. SVC damage is believed
to occur when the extraction sheath, advanced over the lead
from the entry site, is inadvertently directed against the SVC
wall during attempts to maneuver it downward within the
vessel lumen, particularly at the critical innominate vein-SVC
junction [14]. Additionally, traction from the subclavian site
can cause tension transmitted to the heart, determining risks of
myocardial avulsion, described as up to 0.6% in the literature [8,
9]. The Tandem approach mitigates the risk of SVC injury by
employing a femoral snare to apply traction from below, pulling
the lead away from the vessel wall and toward the lumen [31].
This minimizes contact between the rotational sheath and the

SVC wall during dissection, thereby reducing the likelihood of
injury [20]. Additionally, the femoral snare redirects the point
of tension away from the heart during superior traction,
transferring it to the snare itself, which significantly lowers
the risk of myocardial avulsion [32]. Consistent with these
mechanisms, our series observed only one instance of SVC
injury, a limited dissection originating from the innominate
vein that required no intervention, and no episodes of cardiac
avulsions.

The Tandem approach facilitates safe and effective dissection of
leads until the dissection sheath reaches the NES in the RA.
Beyond this point, the rotational sheath must traverse the tri-
cuspid valve without additional support, maintaining an
inherent risk of tricuspid valve injury. As a result, the incidence
of such injuries in our series (2%) was consistent with previ-
ously published data [2, 3].

Studies have shown that the Tandem approach extraction
increases fluoroscopy time [32]. This is expected, as it adds an
additional fluoroscopy-dependent step to the conventional TLE
procedure. Visualizing the NES skeleton as it grasps the lead
can be challenging, requiring careful attention to the geometry
of the interaction between the lead and snare. Achieving proper
orientation can be difficult with two-dimensional fluoroscopy
imaging, often necessitating additional projections (particularly
left anterior oblique) to identify the correct position for
deploying the NES threader; the threader is required to remain
anterior to the lead for a successful grasp. This challenge is most
pronounced early in the learning curve, when the use of the
snare is unfamiliar. However, our data suggest that approxi-
mately 40 leads are sufficient to develop expertise in NES usage,
after which fluoroscopy dependency significantly decreases.

On the other hand, the overall procedure time tends to decrease
with the use of the NES, a secondary benefit of the Tandem
approach for several reasons [32]. The opposing traction forces
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FIGURE 4 | Multivariate analysis on predictors of complete lead removal.
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FIGURE 5 | Multivariate analysis on predictors of major complications, including 30-day mortality.
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FIGURE 6 | Learning curve for NES usage. The fluoroscopy time required to successfully grasp each lead stabilizes at a plateau after approx-

imately 40 leads.

VIDEO 1 | Tandem procedure

applied to the lead stretch and compress it, improving its ability
to detach from binding tissue and reducing overall dissection
time. Furthermore, the Tandem technique prepares the “bail-
out” phase from the outset, in contrast to conventional ap-
proaches where snaring is typically attempted later, often
leading to additional delays. Once proficiency with the NES is
achieved, it is not uncommon for the first targeted lead to be
grasped even before lead preparation at the implant vein site is
completed, saving valuable time, albeit at the cost of increased
fluoroscopy usage.

VIDEO 2 | Asymptomatic contained SVC dissection originating
from the innominate vein

Procedure and fluoroscopy times are not reliable indicators of
procedural difficulty and operators’ expertise, as they are
heavily influenced by various factors, such as the number of
targeted leads and the chosen strategy (extraction only or ex-
traction with reimplantation). For this reason, we opted to use
individual fluoroscopy times required to grasp each lead as a
measure to evaluate the learning curve for NES usage. This
approach aimed to provide a more objective assessment, mini-
mizing the impact of confounding variables.

There are significant differences between our study and that of
Mubhlestein et al., which previously represented the largest
cohort of Tandem approach TLE procedures as a first-line
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strategy. While both studies involved a similar number of pa-
tients and leads, our cohort had a longer average lead dwell
time (12.7 years compared to 9.8 years in Muhlestein et al.) [20].
Additionally, our study uniquely analyzed potential predictors
of complete lead removal and major complications, including
30-day mortality, in this group of patients. We also provided
novel insights into the learning curve for NES usage, an aspect
not previously addressed in the literature.

Despite its benefits, the Tandem approach has inherent limi-
tations. One significant challenge is successfully grasping the
lead without disturbing bystander leads that are not targeted for
extraction. In some cases, hooking the lead with the NES may
be impossible if the lead is tethered to the heart wall with no
free segment to engage. Additionally, the femoral approach
carries a higher risk of complications. The use of a 16F outer
femoral sheath increases the potential for vascular injury,
bleeding, and infection [8]. Economic considerations also pose a
limitation, as the use of two extraction tools raises the overall
cost of the procedure. Moreover, the technique requires two
operators working simultaneously, which may not be routinely
available in all centers. Consequently, the Tandem approach
may be best reserved for complex cases, such as those involving
passive fixation, shock leads with prolonged dwell times,
especially in older patients with infectious indication, or with
an unfavorable anatomy [33]. Conversely, patients with active
fixation, pacing leads with short dwell times, and noninfectious
indications, particularly younger individuals, may be more
appropriately managed with a conventional TLE approach.

9 | Limitations

This study shares the inherent limitations of observational ret-
rospective designs. However, dedicated data monitors were
employed to oversee data entry and ensure accuracy.

Our tandem femoral-superior strategy was not directly com-
pared with the superior-only technique. Nonetheless, the
baseline patient and lead characteristics in our series are com-
parable to those in other contemporary lead extraction studies
that primarily utilized the superior-only technique, except for
longer implant durations, and consequently higher prevalence
of patients with EROS 3 in our cohort.

Additionally, the learning curve for NES usage in this study is
based on cases performed by a single operator at a high-volume
center and may not be generalizable to operators in other settings.

The population size was insufficient to detect low-incidence
complications, and the non-randomized nature of the study
presents an important limitation. A randomized study involving
multiple operators across various centers would be necessary to
reduce the potential influence of technique or experience bias.

10 | Conclusion

The Tandem procedure can be considered a safe and effective
primary technique for TLE, with success rates comparable to

those reported in contemporary lead extraction series that
predominantly rely on a superior approach. Notably, it can
significantly reduce, and potentially eliminate, catastrophic
complications such as SVC tears and myocardial avulsions.
Furthermore, the learning curve for mastering the Tandem
procedure is relatively short, with competency achieved after
approximately 40 leads.

However, routine use of this technique is limited by several
factors, including increased fluoroscopy exposure, higher eco-
nomic demands, and the requirement for two operators work-
ing simultaneously, which may not be feasible in all centers.

Therefore, the primary advantage of the Tandem approach lies
in its suitability for high-risk extractions, such as cases involv-
ing passive fixation, shock leads with long dwell times, espe-
cially in older patients with infectious indications for TLE,
groups typically associated with worse outcomes.
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