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Abstract. The present study aimed to investigate the
success rate, methods and associated complications of left
ventricular lead (LVL) extraction and venous pathway reim-
plantation in patients with cardiac resynchronization therapy
device/defibrillator (CRT/CRTD). A retrospective analysis
was performed in the patients who underwent CRT/CRTD
extraction and reimplantation at our hospital from January
2012 to October 2018. The methods, patient complications
and success rate of extraction and reimplantation of LVL
were analyzed. A total of 54 patients underwent CRT/CRTD
removal (pacemaker infection, n=51; LVL dysfunction, n=3;
CRT/CRTD, 34/20). A total of 54 LVLs were removed (3
active electrodes and 51 passive electrodes). The average
implantation duration of the LVL was 53.5 months (range,
1-204 months), whereas the success rate of the LVL extrac-
tion was 100% (94% completely removed and 6% clinically
removed. A total of 6 patients (11%) were treated only by
manual traction, whereas the remaining patients had their
LVL successfully removed using extraction tools. In the
peri-operative period, one fatality occurred (2%). The
highest complication rate of the lead extraction was 2% and
no minor complications were observed. A total of 36 patients
were reimplanted on the right side, which was successful in
31 cases (success rate, 86.1%), whereas 3 cases were success-
fully reimplanted on the left side. The total success rate of
LVL reimplantation was 87.2%. The procedure of the LVL
removal and reimplantation exhibited a high success rate and
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a lower incidence of complications compared with that in
patients with cardiac devices.

Introduction

The increasing use of cardiac resynchronization therapy
device/defibrillators (CRT/CRTDs) has been paralleled by
a rise in the requirement for CRT/CRTD extraction and
reimplantation due to device infection or dysfunction. The
CRT/CRTD system, which is notably used for left ventricular
lead (LVL) removal, appears to be associated with a higher
risk than conventional pacemakers due to the thin wall of
the coronary sinus (CS) and superior vena cava system.
CRT/CRTD devices are usually implanted via the left subcla-
vian vein. The right subclavian vein is used to reimplant the
CRT/CRTD system following the removal of infected devices.
However, the stenosis/occlusion of the original CS branch and
the anatomical complexity of the right-side pathway render
reimplantation considerably difficult. To date, studies on
LVL removal and reimplantation have been limited to small
sample size studies (1-4), whereas no previous studies have
examined these parameters in Chinese patients, to the best
of our knowledge. The present study was performed in the
largest removal and reimplantation center for CRT/CRTD in
China and its aim was to provide information on the success
rate and incidence of complications in patients with LVL
removal and reimplantation.

Materials and methods

Patients. All patients with CRT/CRTD who underwent
device removal due to infection or dysfunction between
January 2012 and October 2018 were enrolled. The present
study was approved by the Ethics Committee of Peking
University People's Hospital (Beijing, China). All patients
enrolled provided written informed consent for their partici-
pation in the study and for publication of associated images.
The patients' characteristics, as well as laboratory blood test
and imaging results, were analyzed. The indications of lead
extraction were determined based on the 2017 Heart Rhythm
Society (HRS) expert consensus statement on cardiovascular
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implantable electronic device lead management and extrac-
tion (5). High-risk patients included a duration of passive fixed
lead implantation of >10 years, a duration of defibrillation
lead implantation of >3 years, a duration of lead perforation
of >1 month and a total number of electrodes of >5.

Electrode extraction. The lead extraction methods were
performed as previously described (4,6). The lead was removed
under general anesthesia and transesophageal ultrasound
monitoring in high-risk patients, and the remaining patients
were subjected to local anesthesia. Pacemaker-dependent
patients were implanted with a right ventricular (RV) pacing
lead through the left femoral vein. Bilateral elbow venography
was performed prior to extraction. The lead devices were
removed using a manual or locking stylet traction in case
where were implanted 12 months prior to enrolment (Cook
Medical).

The femoral vein approach (Cook Medical) was used by
an evolution mechanical sheath (Cook Medical) and/or a laser
sheath (CVX-300). These methods were applied alone or in
combination in those patients with an implantation duration of
>12 months. Endocardial active fixation ventricular electrodes
were implanted in the pacemaker-dependent patients as a tran-
sition to permanent pacemaker reimplantation. The definitions
of successful removal or clinical success of removal in the
presence or absence of complications were according to the
2017 HRS expert consensus (5).

Reimplantation of LV electrode. The reimplantations were
performed on the contralateral side in infective patients (all via
the right subclavian vein). The LV lead dysfunction was reim-
planted at the ipsilateral side. Antimicrobial therapy according
to the 2017 HRS expert consensus recommendations was used
for the management of the suspected electronic device-associated
infection. The antimicrobial therapy used for endocarditis has a
minimum duration of 4-6 weeks, whereas for bacteremia, it has
a lower duration (at least 2 weeks) (5). A new implantation may
be reasonably postponed until blood cultures are negative for
72 h in patients with bacteremia and endocarditis (5). In subjects
with pocket site infection, the reimplantation procedure was
performed with a treatment duration of 48-72 h following device
removal (5). Optional balloon dilatation was used if the target
vein exhibited apparent stenosis. RV double site or bundle pacing
were performed for patients with LVL reimplantation failure.

Statistical analysis. Continuous variables are expressed
as the mean + standard deviation for parametric variables.
Dichotomous variables were presented as an absolute number
with percentage. All analyses were performed using SPSS
software (version 18.0; SPSS Inc.).

Results

Case characteristics. A total of 54 patients with infec-
tion/dysfunction (n=51/3) were enrolled (CRT/CRTD, 34/20).
The general information of these patients is presented in
Table I. The average age of patients was 65.33+7.38 (male, 46;
female, 8). As presented in Table I, a total of 41 patients (76%)
exhibited pocket infection, 7 (13%) presented with bacteremia
and 3 (6%) with infective endocarditis. The dimensions of the

Table I. Baseline characteristics of the patients (n=54).

Parameter Value
Age (years) 65.33+7.38
Gender (male) 46 (85)
CRT/CRTD device 34/20
Ischemic cardiomyopathy 11 (20)
Atrial fibrillation 6(11)

Serum white blood cell count /1
Serum hemoglobin g/l

8.72+3.07x10°
123.39+13.17

Serum creatinine ymol/l 86.73+30.85
Hypertension 22 (41)
Hyperlipidemia 8 (15)
History of CVA or TIA 12 (22)
History of CABG 3(6)
Diabetes mellitus 8 (15)
Left ventricular ejection fraction (%) 33.17+£9.86
Left ventricular end-diastolic diameter (mm) 67.77+9 81
Left ventricular end-systolic diameter (mm) 46.75+10.39

Values are expressed as n (%) or the mean + standard deviation. CVA,
cerebrovascular accident; TIA, transient ischemic attack; CABG,
coronary artery bypass grafting; CRTD, cardiac resynchronization
therapy defibrillator.

Table II. Types of pacemaker and electrode infection and
implantation details in the total cohort (n =54).

Feature Value
Pocket infection 41 (76)
Bacteremia 7 (13)
Infective endocarditis 3(6)
Vegetation (transverse diameter x

vertical diameter cm)

Left ventricular lead dysfunction 1.3x1.5,
1.5x2.1,
1.6x1.7

3(6)

Total number of leads removed 156

Average number of leads removed per case 295

Average time of lead implantation (months) 535

Special left ventricular leads 32

“Medtronic 4195 Starfix active fixation lead. Values are expressed as
n or n (%) unless otherwise specified.

vegetation were 1.3x1.5 cm, 1.5x2.1 cm and 1.6x1.7 cm (trans-
verse diameter x vertical diameter cm), respectively. Following
infection, 29 (54%) of the patients had failed debridement at
local hospitals. In the 54 patients, 156 electrode leads were
removed and the average implantation time was 53.5 months.
Among these patients, a Medtronic 4195 Starfix LV active lead
was used in 3 cases (Table II). In addition, 3 non-infectious
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Table III. Extraction of LVL and associated complications in ~ Table V. Details regarding reimplantation of LVL.
the cohort (n=54).
Cases, Success
Extraction method or complication N (%) Item n (%) rate (%)
LVLremoval complete success 51(94)  Reimplant on right side of LVL. 36
LVL removal clinical success 3(6) Successful reimplantation of LVL 31 86.1
Bare-handed extraction 6 (11)  on the right side
Locking steel wire extraction 23 (43)  Successful reimplantation of LV 3
Locking steel wire combined with 1(2) dysfunction lead on left side
evolution sheath extraction Total cases of successful 34 87.2
Snare catcher extraction 24 (44)  reimplantation after extraction
Patient death after LVL extraction 1(2) Patient refused reimplantation 7(12.9)
Major complications 1(2) Biventricular pacing deemed to 3(6)
Pericardium tamponade 0(0) be no longer indicated
Respiratory failure 1(2) Deemed to be high risk 4(74)
In-cath lab deaths 0(0) for reimplantation
Minor complications 0 (0) Patient death prior to reimplantation 1(2)
Hematoma requiring evacuation 0(0)
Significant blood loss requiring blood transfusion 0(0) LVL, left ventricular lead.

LVL, left ventricular lead.

Table IV. Details regarding removal and reimplantation of RA
and RV in patients (n=51%).

Item N (%)
RA and RV lead removal complete success 49 (96.1)
RA and RV lead removal clinical success 2339
Total number of RA leads extracted 51
Total number of RV defibrillation leads extracted 17
Total number of RV general leads extracted 34
Reimplantation CRTD to the right after 8
original extraction

Reimplantation CRT to the right after original 7
CRTD extraction

Cases requiring laser extraction of RV 359
defibrillation leads

Cases requiring Snare extraction 31(574)

“Left ventricular lead dysfunction and non-infectious RA and RV
leads retained in three cases, leading to a total number of 51. RA,
right atrial; RV, right ventricular; CRTD, cardiac resynchronization
therapy defibrillator.

patients underwent electrode extraction and reimplantation
due to elevated LV pacing threshold and severe diaphragmatic
stimulation.

Electrode wire removal and associated complications. The
success rate of complete and clinical removal of the LV
electrodes was 94 and 6%, respectively. Manual traction was
used in 6 patients (11%), whereas removal with locking of
steel wire was performed in 23 patients (43%). In one patient

Table VI. Details regarding coronary venography and reim-
plantation site of LVL in the relevant cases (n=39%).

Item N (%)
Original lateral vein stenosis >50% 16 (41.0)
after LVL extraction

Original lateral vein occluded after LVL extraction 3 (7.7)
Reimplantation into original lateral vein 25 (64.1)
after LVL extraction

Reimplantation in other lateral vein due to 10 (25.6)
original stenosis or occlusion

Balloon used to dilate original lateral vein stenosis 1 (2.6)

*Total cases of LVL reimplantation, n=39. LVL, left ventricular lead.

(2%), a lock wire combined with evolution sheath was used.
In a total of 24 cases (44%) the electrodes were removed by
Snares via the femoral vein (Table III; Fig. 1C). The success
rate of complete removal of the right atrial and RV electrodes
was 96.1%, whereas the success rate of clinical removal was
3.9% (Table IV). Following LVL extraction, one patient did
not survive (mortality rate, 2%) due to severe heart failure. No
minor complications were observed in the cohort.

Reimplantation of LV electrode and CRT/CRTD. A total of
3 out of 39 cases underwent LVL reimplantation (right/left
side, 36/3). In a total of 31 cases, right LVL reimplantation was
successful, and all 3 left LVL reimplantations were successful.
The total success rate of LVL reimplantation was 87.2%. This
percentage was decreased to 86.1% for the right-side approach
(Fig. 2; Table V). After LVL extraction, stenosis of the original
lateral vein was >50% in 16 cases (41.0%) and occlusion of
the original lateral vein occurred in 3 cases (7.7%; Table VI).
Severe stenosis of the original posterior vein was observed
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Figure 1. (A) Horizontal position angle X-ray imaging, displaying the device relative to the location of the RA, LV and RV. (B) Device after extraction; a, LV
active fixing lead and its external blue insulating layer; b, RA lead; ¢, RV lead. (C) X-ray presenting the snare used to extract the RA lead. RA, right atrium;
L/RV, left/right ventricle.

Pocket infection

Figure 2. (A) Signal pocket infection. (B) LAO 45 angle X-ray imaging prior to CRT pacemaker extraction. (C) LAO 45 angle X-ray imaging of CRT pace-
maker following right side reimplantation. LAO, left anterior oblique; CRT, cardiac resynchronization therapy; RA, right atrium; L/RV, left/right ventricle.

Figure 3. (A) Severe stenosis of the original lateral vein following left ventricular lead extraction on LAO 45 angle X-ray imaging (a, site of stenosis). (B) RAO
45 angle X-ray imaging. b, a 2.0x20 mm balloon was used to dilate the original lateral vein stenosis at 6-8 atmospheric pressure units; ¢, temporary pacing
lead. (C) Successful reimplantation of left ventricular lead in the lateral vein following balloon dilatation in RAO 45 angle (d, reimplanted lead). LAO, left
anterior oblique; RAO, right anterior oblique.

Figure 4. (A) Cardiac resynchronization therapy leads in the anteroposterior position X-ray imaging. (B) RAO 45 angle X-ray imaging displaying the original
lateral vein mid-distal segment occlusion following left ventricular lead extraction (arrow). (C) LAO 45 angle X-ray imaging. Right ventricular double site
pacing was selected due to original lateral vein occlusion. a, right atrial lead; b, one of the right ventricular leads; c, the remaining right ventricular lead; LAO,
left anterior oblique; RAO, right anterior oblique.
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in one patient on coronary venography, and the LV lead was
successfully implanted following dilatation with a 2.0x20 mm
balloon at 6 or 8 atm twice (Fig. 3).

A total of 5 cases did not receive successful treatment due
to severe stenosis or occlusion of the target vessel in the branch
of the coronary vein. A total of 2 out of 5 patients received RV
double site pacing (Fig. 4) and the other 3 patients were treated
with His bundle pacing. A total of 3 non-infectious patients with
LVL dysfunction were successfully reimplanted with LVL at the
same stage and at the ipsilateral region following removal of the
LV electrodes. A total of 7 patients refused to receive reimplan-
tation therapy following removal of the electrodes. Following
removal of the electrodes, one patient recovered to normal cardiac
function and 3 patients exhibited no indication for biventricular
pacing. A total of two patients exhibited atrial fibrillation with
a QRS wave duration of <120 msec and one patient presented
with persistent atrial fibrillation with a normal ejection fraction. A
total of 4 patients did not receive CRT reimplantation due to their
critical clinical condition (severe infection, cardiac dysfunction
with severe hypotension, systemic infection and lower extremity
venous thrombosis requiring anticoagulant therapy).

Discussion

The difficulties and risks of CRT/CRTD lead removal are
mainly attributed to the rupture of coronary sinus and/or supe-
rior vena cava. The incidence of minor complications in this
group was considerably lower than that reported in previous
studies (1,2). The incidence of major complications of LVL
removal was 2.0% in the present study, which was consistent
with that reported previously (1). The LV lead was removed
successfully and safely, without the rupture of CS and of the
superior vena cava due to the snare sheath's cutting effect
localized to the surrounding tissue and LVL.

In the present study, the success rate of LVL reimplantation
was 87.2%, which was similar to that reported by a previous
study (7). The majority of reimplantations was via the right
subclavian vein, which is more difficult than the implantation
from the left side. From the right subclavian vein to the coro-
nary sinus, two physical curves were present, which resulted
in difficulties of LVL implantation. An Amplatz L1/L2 sheath
and super smooth guide wire or adjustable curve catheter may
be used to guide the LVL sheath entering the coronary sinus.

The other major difficulty encountered in the reimplantion
of the LVL following removal was attributed to occlusion or
stenosis of the originally implanted branches. Burke et al (8)
reported that the occlusion rate of the original coronary vein
following removal of the LV electrode was 50%. In the present
study, this parameter was estimated to be 48.7%. The LVL was
successfully implanted in one patient with stenosis following
balloon dilatation. Balloon dilatation is usually effective when
the target vessel stenosis occurs during the first implantation of
LVL, whereas vascular stenosis following removal frequently
occurs due to fibrous tissue hyperplasia and/or thrombosis.
Therefore, balloon dilatation is not recommended for routine
use during reimplantation.

A total of 3 out of 5 patients who experienced unsuccessful
LVL reimplantation received His bundle pacing. The clinical
application of His bundle pacing has increased in recent
years (9). Long-term follow-up of these cases has indicated
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similar results to those observed for CRT in patients with heart
failure (7). This treatment may be considered in patients with
CS branch occlusion following removal. However, the clinical
outcome should be evaluated in a long-term follow-up period.

A total of 8 of these patients were reimplanted with
CRT/CRTD on the right side following removal. Several
studies have suggested that although the defibrillation
threshold may be elevated in the right implantable cardiac
defibrillator (ICD) compared with that noted in the left ICD,
it is still considered safe and effective in clinical applica-
tions (10-12).

Taken collectively, the results of the present study
suggested that CRTD/CRTD removal and reimplantation
was feasible and had a relatively high success rate. However,
the present study has certain limitations, including the
single-center study design, the small sample size and the
relatively short follow-up time period. Patients with better
cardiac function and fewer complications benefit more from
reimplantation within a short period of time after LVL
removal. While the number of cases is limited by the low
incidence, a larger cohort would provide more comprehen-
sive and reliable information, but as our institution is the
center with the largest number of cases of LVL removal in
China, only these cases are available at present. According to
common practice at our institution, after the LVL is removed,
the patient's cardiac function and indications for CRT/CRTD
are reassessed and if there is no indication, the CRT/CRTD
is not reimplanted.
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