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The epidemics of heart failure and an aging population
resulted in an exponential rise in the use of cardiac implantable
devices (CIEDs) in developed countries. This is paralleled by
the increased rate of complications such as system infection
or malfunction. The higher number of complications, and
longer patient life expectancies, are followed by an increase
in the need for lead extractions. Earlier estimates of lead
extractions worldwide ranged between 10,000 to 15,000
[1,2]. Epstein and Maytin provided a substantially higher
estimate – nearly 24,000 [3]. Despite signi icant advances in
lead extraction technology and armamentarium, transvenous
lead extraction (TLE) can be associated with signi icant
morbidity and mortality. Reported major complications and
mortality rates with TLE vary widely across studies, ranging
from 0.4% to 7.3% [3,4]. In the European Lead Extraction
ConTRolled Registry (ELECTRa), which is the perspective,
voluntary registry conducted by the EHRA among specialized
centers, the primary endpoint of in-hospital procedurerelated major complication rate reached 1.7%, including
mortality of 0.5%) [5]. Approximately two-thirds (37/58)
of these complications occurred during the procedure. The
most common procedure-related complications were those
requiring pericardiocentesis or chest tube and/or surgical
repair (1.4%). A recent analysis of the “real world” data from
the National (Nationwide) Inpatient Sample in the United
States identi ied 57,328 hospitalizations for TLE over 13 years
[6]. At least one major adverse event occurred in 10.42% of
procedures. Nonfatal major complications of TLE occurred in
6.3% of the population, and the all-cause in-hospital mortality
rate was 4.1%.
Therefore, efforts should focus on the safety aspect of
the procedure. In this respect, both pre and intraprocedural
imaging appears to be critical to de ining potential vascular
adhesions and other abnormalities that require modi ication
of the TLE technique. Intraprocedural imaging allows
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monitoring of the procedure and early recognition of
complications such as cardiac perforation. Some studies
reported using transesophageal echocardiography (TEE) for
this purpose. However, the most suitable imaging technology
is intracardiac echocardiography (ICE). The following text
describes the clinical utility of ICE in the prevention and
management of complications of TLE.
Phased-array intracardiac echocardiography
Despite some good experience with the rotational
ultrasound-tipped catheters [7,8], this technology has limited
maneuverability and depth of imaging. On the contrary,
phased-array systems are very versatile and provide the
whole spectrum of 2D images, including color-coded or
pulsed wave Doppler. Besides, they allow adjustment of
ultrasound frequency to optimize imaging quality. For all
these advantages, phased-array ICE has become the dominant
imaging modality in the EP laboratory.
The advantages of intracardiac echocardiography
ICE is well suited for use during intracardiac interventional
procedures [9]. The main advantages include no need for
general anesthesia or deep sedation, simple work low and
easy imaging view adjustment, and the proximity to cardiac
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structures, especially in the right heart. It allows good
visualization of the relevant structures, often far better than
in TEE. It is true, especially for the identi ication of vascular
binding sites [10,11]. It can also display the regions shielded
by the arti icial prostheses and/or occluders. The ICE catheter
is typically advanced from the femoral vein into the right
atrium, right ventricle, superior vena cava, and up to the
brachiocephalic vein, depending on the need for visualization.
The workﬂow during transvenous lead extraction
At the beginning of the procedure, ICE is introduced into
the right ventricle to check and document possible pericardial
effusion and left or right ventricular function. The course of
the lead within the right ventricle is visible (Figure 1A). In
addition, attachments of the right ventricular leads to cardiac
structures could be seen, and the tip of the lead can be localized
(Figure 1B).
From the right atrial position, the course of the lead (or
leads) could be overlooked. This is the best view to observe
the presence of tricuspid regurgitation and the existence and
location of lead adherent echo densities (LAE). Positioning
the catheter in the superior vena cava or higher enables
assessment of the lead attachments or binding sites in this
region. Subtotal or total vein occlusion could be detected at
the same time.

Figure 1A: The course of two pacemaker leads (arrows) within the right ventricle
(RV). The ICE catheter is positioned in the basal RV.

During the procedure of TLE, the ICE catheter may be
initially positioned in the SVC to monitor the advancement
of mechanical or laser sheath. We prefer to place the catheter
in the right atrium to monitor for right atrial or ventricular
traction and for the development of pericardial bleeding.
The latter could be early detected around the right atrium.
Alternatively, the ICE catheter is introduced into the right
ventricle to monitor right and left ventricular contours for
effusion.
Finally, ICE allows a post-procedural check for the residual
intracardiac mobile echo densities (ghosts) and any change
in tricuspid regurgitation. The procedure is inished with the
inal check of pericardial effusion.
Typical ﬁndings during TLE
Lead adherent echo densities (LAE): ICE allows visualization of the leads and echo densities adherent to them. In our
experience, LAE can be detected in the majority of patients
(Figure 2A). One recent study revealed LAE in 72% of cases
[10]. Locations of LAE were the superior vena cava (16%), its
junction with the right atrium (11%), right atrium (57%), and
tricuspid annulus (16%). Finding LAE opens the question of
their clinical importance. Interestingly, Ho, et al. systematically
performed TEE before TLE, which was performed for noninfectious indications in 108 consecutive patients [11]. The
authors reported an 18.5% incidence of lead thrombi, all of
which were < 2 cm. This igure is signi icantly less than in the
above study. This discrepancy can be explained by the higher
resolution and superior maneuverability of ICE compared to
TEE [12].
https://doi.org/10.29328/journal.jccm.1001135

Figure 1B: ICD lead crossing the tricuspid valve between the right atrium (RA) and
right ventricle (RV). Arrows mark lead adherent echodensities. The ICE catheter
is positioned in the RA.

Therefore, ICE could be essential in patients with a
suspected diagnosis of infective endocarditis since it
necessitates the removal of the entire pacemaker or ICD
system. Narducci et compared ICE with TEE to detect TLE in
the setting-related infective endocarditis [13]. ICE identi ied
the presence of intracardiac masses in all 58 patients (100%),
whereas TEE identi ied the presence of ICM in only 38 patients
(65%). The authors concluded that ICE is a useful technique
for diagnosing intracardiac masses, thus providing improved
imaging of right-sided leads and increasing the diagnostic
yield compared with TEE. The pretest probability of infective
endocarditis determines the incremental diagnostic value
of ICE in infection of implantable devices. If the diagnosis of
endocarditis is clinically rejected, even ICE does not improve
the clinical decision-making process. The best diagnostic
value of ICE was found in patients with a probable diagnosis of
endocarditis. We recently had an ongoing pilot project focused
www.cardiologymedjournal.com
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on biopsies from TLE using a bioptome and ICE guidance. In
anecdotal cases, it helped to establish the diagnosis of infective
endocarditis.
Technically speaking, the presence and size of intracardiac
masses in patients suspected of infective endocarditis
are critical in planning TLE procedure (Figure 2B). Large
vegetations were found more common in patients with renal
failure, heart failure, ICD system, and loops of the leads [14].
In another study, diabetes was related to larger vegetations,
similarly younger age. Anticoagulation therapy resulted in
smaller vegetations [15].
In patients with a de inite diagnosis of lead-related
infective endocarditis, the size of vegetations may determine
the strategy of lead removal. Smaller vegetations < 3 cm
can be extracted transvenously, while larger vegetations
often require surgery. Alternatively, they may be preferably
extracted by a vacuum-assisted system, usually during the
same TLE procedure [16]. Some authors recommended the
extraction of large vegetation placement of a Dormia basket
under ICE guidance into the pulmonary artery to capture
embolic material [17].

Figure 2B: Large vegetation ﬂoating on the ICD lead in the Right Atrium (RA). RV:
Right Ventricle.

Areas of ϐibrous adherence: Areas of ibrous adherences
or attachments (i.e., scar tissue) can be visualized as echodense structures along the lead course (Figure 3A). Multiple
leads are usually attached by ibrous tissue together (Figure
3B). The location of ibrous adherence can be anywhere in the
course of the lead [7,10]. In a study by Bongiorni, et al. [7], scar
tissue was noted by ICE in the subclavian vein, innominate
vein, and the right ventricle in about 80%, 68%, and 68% of
cases, respectively. Sadek, et al. [10] described attachments
less frequently – only in 18/50 pts (36%), predominantly
intracardiac. Anecdotal cases were reported on speci ic
locations of adhesions, such as a vulnerable “stalk” attaching
the papillary muscle to the RV endocardium [18]. Notably, the
ibrous attachment presence correlated with the extraction

Figure 3A: Fibrous adherences (arrow) attaching the lead within the superior vena
cava (SVC). AO: Ascending aorta.

Figure 2A: Depiction of the lead adherent echodensity (arrows) ﬂoating on the ICD
lead in the right ventricle (RV).

Figure 3B: A convolute of 2 leads attached together with ﬁbrous tissue at the level
of tricuspid valve (arrows). RA: Right Atrium; RV: Right Ventricle.

https://doi.org/10.29328/journal.jccm.1001135
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procedure’s dif iculty. These patients were more likely to
have a “complex” extraction procedure. Subjects who did not
have evidence of lead attachment were less likely to require
the advancement of the extraction sheaths past the superior
vena cava and less likely to require advanced extraction tools
such as snares.
Another study, using an IVUS catheter introduced to the
superior vena cava region, attempted to classify intravascular
lead adherences [19]. Adherences were assorted into three
categories based on three criteria: 1) lead mobility, 2) lead
proximity to the vessel wall, and 3) presence of lead-onlead
binding [8]. The categories were as follows: (grade 1) freeloating leads or only intermittently adjacent to the vessel wall
and minimal inter-lead binding; (grade 2) leads with restricted
mobility, frequently adjacent to the vessel wall with moderate
lead-to-lead binding, (grade 3) immobile leads attached to the
wall with signi icant lead-to-lead binding. Grade 1 and 2 are
also classi ied as low grades, and grade 3 as high with elevated
risk. This grading system correlated with extraction dif iculty.
In addition, ICE imaging may improve the identi ication of
patients at higher risk of superior vena cava tear. However,
further studies are needed. Some operators recommend
using a prophylactic vascular occlusion balloon in case of SVC
adhesions [10,20]. Another option for such cases to decrease
the risk of damage to the SVC is a countertraction from below
[21].
Residuals after TLE: Residual ibrotic tissue after TLE,
called ghosts, has been described as a new phenomenon
in cardiology (Figure 4). The presence of ghosts was irst
described by Rizzello, et al. using ICE [22]. Caiati, et al. studied
a cohort of 40 patients using ICE before and after TLE to
document the relationship between thrombotic or ibrotic
reactions to the lead and with subsequent occurrence of ghosts
[23]. ICE could identify thickened lead (thickness ≥ 1 mm
than the vendor declared thickness in at least one lead) and
ibrotic attachment to the cardiac wall in a substantial number
of subjects. Thickening was noted in 25/40 patients (62%)
overall, involving the atrial (2 patients (5%)) or the ventricular
(9 patients (22.5%)) or both leads (14 patients (35%)). The
ibrotic attachment was observed in 12/40 patients (30%).
Both thickening and ibrotic attachments were signi icantly
associated with subsequent ghosts (p < 0.001 and p = 0.002,
respectively), but lead thickening had a higher prediction
power. Narducci, et al. demonstrated that the presence of
ghosts could be associated with a worse prognosis in devicerelated infective endocarditis [24]. Analyzing 217 TLE cases,
the authors identi ied ghosts in 30 (14%) patients after TLE.
In their study, endocarditis was one of the independent
predictors of the presence of ghosts. Poterala, et al. detected
ghosts after TLE in 19% of cases [25]. These residual ibrotic
tissues were most often located along the originally implanted
lead’s route. The local infection and infective endocarditis were
associated with a larger number of ghosts after the removal
procedure (p = 0.006). Besides frequent association with
https://doi.org/10.29328/journal.jccm.1001135

Figure 4: Ghosts within the superior vena cava (SVC) after removal of the ICD
leads marked by arrows. AO: Aorta.

infection, detection of ghosts after TLE is also important for
other reasons. Otherwise, they can be mistakenly interpreted
in the echocardiographic examination as new pathological
structures of unknown origin. In such a situation, the patient
can be subject to unnecessary anticoagulant therapy, invasive
diagnostic procedures, and/or cardiac surgery. Given the
potential risks of ghosts, their presence should probably be
noted on post-extraction imaging and might warrant closer
post-extraction follow-up [4].
Damage to the tricuspid valve: Tricuspid valve
damage has been reported in about 12% of cases in one
series. Tricuspid regurgitation is a known complication of
transvenous lead extraction [26]. This observation further
underscores the importance of pre-procedure assessment of
tricuspid valve function and attachments of the lead to the
valve. ICE monitoring can avoid too much traction on the
valve during TLE.
Pericardial effusion (hemopericardium): Intraprocedural monitoring of pericardial effusion is one of the
most important roles of ICE (Figure 5A). The incidence of
signi icant pericardial effusion ranges in different studies
between 0.4% - 3% [27-29]. Its immediate detection allows
rapid decisions about further management. Catastrophic
bleeding from the tear of the SVC may be stopped by the
balloon in lation, allowing time for surgical repair. In less
dramatic cases, pericardial drainage can be performed before
any hemodynamic consequences occur. Our strategy is to
drain every pericardial effusion that reaches more than 5 mm
circumferentially. We typically use a kink-resistant 8F sheath
(Arrow) to enable rapid exchange of the drainage catheter in
case of blood clotting.
Some studies determined variables most closely
associated with new-onset pericardial effusion during TLE
[29]. These included three clinical factors (NYHA class III/
IV, LVEF < 35%, renal impairment) and two factors related
www.cardiologymedjournal.com
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to the system itself (right-sided implant site, ≥ 2 electrodes
targeted for extraction). Especially for such high-risk patients,
ICE monitoring should be mandatory.
Additional echocardiographic ϐindings: ICE can detect
less frequent but important abnormalities, which may
relate to TLE or subsequent lead implant. An example could
be complete obstruction of the superior vena cava or the
brachiocephalic vein. An additional curious inding which can
be observed by ICE, is the deformation of the right ventricle
during traction on the lead, often leading to hypotension
[30]. The ability to visualize the lead-tissue interface during
extraction (Figure 5B) and assess lead binding sites allows the
operator to continuously evaluate the response to extraction
maneuvers. Monitoring the progression and alignment of
the laser extraction sheath with the lead is another potential
utility of ICE (Figure 5C).
Assistance with snaring: In some cases, lead fragments
need to be extracted by snaring them with retraction into
a sheath [31]. Especially non-metallic components are not
visible on X-ray, and ICE allows snaring them successfully.

Figure 5B: Traction on the RV wall at the site of attachment of the ICD lead (arrow).

Our experience
At the Department of Internal Medicine in Olomouc, 474
patients underwent TLE from 06.05.2011 until 20.11.2021.
Simple traction (with locking stylet) was used in 210 cases,
mechanical device Cook in 40 cases, laser sheath in 150,
a combination of laser and mechanical sheath in 50, and
other combined techniques in 24 cases. Extraction was
unsuccessful in 5 cases, and the patients were sent to surgery
(1%). Fragments of the leaders were left in 12 cases (2.5%).
Serious complications occurred in 7 cases (1.5%). Asystole
requiring cardiopulmonary resuscitation was observed in
one subject and ventricular ibrillation in another one. ICE
allowed to monitor for the development of hemopericardium
in high-risk patients. Two patients presented with tamponade
that was early recognized and successfully drained. However,
three other patients had tamponade and despite early

Figure 5A: Large separation (arrows) around the Left Ventricle (LV).

https://doi.org/10.29328/journal.jccm.1001135

Figure 5C: Progression of the laser sheath (arrow) over the lead in the superior
vena cava (SVC). Artifacts at the bottom are caused by application of laser beam.

Representative Figure: Illustrative examples of clinical utility of intracardiac
echocardiography in transvenous lead extraction.
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recognition, the bleeding was severe, and they died (0.6%).
This experience prompted using wire backup for occlusion
balloons to obturate SVC in high-risk cases of TLE. Based on
this experience, we have started to use ICE during TLE in the
other heart center in Prague.

Conclusion
Current experience from several centers suggests that
the use of ICE during TLE procedures has many potential
bene its. First, it can assess the anatomy and describe lead
attachments, which can identify higher-risk procedures and
the need for additional precautions. Second, it can reveal
LAEs or vegetations and their size, which may in luence the
strategy of TLE. Third, it can help to oversee the progress of
the procedure and especially, monitor the development of
pericardial effusion. It can also visualize the deformation of
the right ventricle during lead traction and thus, guide the
procedure in a safe way. Fourth, after the procedure, ICE can
detect ibrous residuals after TLE, which could be important
for the follow-up of the patient. However, more experience is
needed before ICE would be accepted as an obligatory imaging
tool during TLE.
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