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electronic devices (CIEDs), TEE has become in‑
dispensable in the visualization of the course 
of the lead within the heart, particularly in pa‑
tients with lead ‑related complications requiring 
transvenous lead extraction (TLE).1,2

Transvenous lead extraction procedure-
 According to the report of the European Heart 
Rhythm Association more than 9000 extraction 
procedures are performed annually in more than 
350 centers.3 Indications for TLE include infec‑
tious and noninfectious complications related 
to CIEDs. Transvenous removal of the leads in‑
volves cutting free the entire lead from fibrous 
binding sites within the walls of veins, the heart, 
and other anatomical structures. Leads are dis‑
sected using a polypropylene or rotational sheath 
advanced slowly over the lead from the venous 
entry site to the lead tip anchored in the heart. 
Nonpowered mechanical systems with various 

Introduction Transthoracic echocardiogra‑
phy (TTE) and transesophageal echocardiogra‑
phy (TEE) have evolved from 2‑dimensional to 
real ‑time 3‑ and 4‑dimensional imaging. Trans‑
esophageal echocardiography is performed not 
only to complement the TTE assessment, but it 
is considered the diagnostic gold standard, espe‑
cially to visualize structures that would be dif‑
ficult or impossible to see on TTE, for instance, 
left atrial appendage emboli and vegetations 
in the course of infective endocarditis and on 
valve prostheses, as well as to identify the un‑
derlying cause of structural heart disease and 
to assess artificially ventilated intensive care 
patients. This modality has also become an es‑
sential tool for monitoring the patient under‑
going cardiac surgery and transcatheter proce‑
dures (left atrial appendage closure, MitraClip 
procedure). In recent years, with the increasing 
number of patients with cardiac implantable 
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AbsTrAcT
Transesophageal echocardiography (TEE) is regarded as the gold standard in diagnostic cardiology and 
has become an essential tool for monitoring the patient undergoing cardiac surgery and transcatheter 
procedures. Considering the increasing number of complications related to cardiac implantable electronic 
devices, TEE can also be used to detect these irregularities. Transvenous lead extraction (TLE) is the first

line treatment for cardiac implantable electronic device–related complications. The essence of TLE is 
the dissection of leads from connective tissue adhesions that attach them to the walls of the heart and 
vessels. Separation of strongly immobilized leads may cause injury to the veins or heart resulting in life

threatening bleeding. For this reason, the guidelines from the American and European cardiac societies 
recommend clinicians to use TEE for monitoring the patient undergoing TLE. The advantage of such 
an approach is immediate detection, localization, and evaluation of TLE complications and sequelae. 
Additionally, according to our experience, continuous monitoring of the TLE procedure enables the operator 
to be informed about the expected technical problems.
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Embolization is another dangerous complica‑
tion associated with TLE, such as acute pulmo‑
nary embolism in the case when the vegetation 
size has been underestimated19 and paradoxical 
embolism due to atrial septal defect.20,21 Severe 
structural damage to the tricuspid valve may 
cause acute right ventricular failure requiring ur‑
gent valve repair.22 Transesophageal echocardiog‑
raphy monitoring during TLE offers a possibility 
of immediate detection, localization, and eval‑
uation of complications and sequelae, especial‑
ly, pericardial tamponade, damage to the tricus‑
pid valve, and migration of the embolic material.

However, TEE is a valuable imaging tool not 
only because of the potential for early detec‑
tion of complications, but also due to the fact 
that intraoperative navigation helps extractors 
to dissect the leads slowly and gradually and to 
observe with close scrutiny the accompanying 
phenomena to prevent any complications.17,18

The extent of transesophageal echocardiog-
raphy during transvenous lead extraction  
The guidelines of the Heart Rhythm Society and 
the European Heart Rhythm Association em‑
phasized the importance of maximizing extrac‑
tion procedure safety through an appropriately 
trained extraction team, extractors’ experience, 
a facility that provides all necessary equipment 
to perform procedures and manage complica‑
tions, immediate availability of a cardiac sur‑
geon and a surgical team including a qualified 
echocardiographer as its member, use of gener‑
al anesthetics, and direct invasive blood pres‑
sure measurements.1,2,4 Experts have precise‑
ly defined the role of echocardiography during 
the procedure and recommended using contin‑
uous TEE or intracardiac echocardiography as 
a complementary tool that increases procedur‑
al safety.1,2,4 However, apart from the available 
guidelines, which are mainly expert consensus 
documents, there are only a few original and re‑
view papers on TEE as a monitoring tool in pa‑
tients undergoing TLE.12-18,23-25 Several case re‑
ports add valuable information to our medical 
knowledge.19,21,26-31

Transvenous lead extraction monitoring steps with 
transesophageal echocardiography Transesoph‑
ageal echocardiography monitoring during TLE 
may be divided into 4 stages: a preprocedural 
stage from probe insertion to the start of lead 
dissection; stage 2—navigation of lead remov‑
al; stage 3—postprocedural assessment of pro‑
cedure efficacy with the evaluation of possible 
damages; and additionally stage 4 during which 
TEE is used to guide new lead placement.

At the preprocedural stage, we check lead posi‑
tion and course, identify intracardiac structures 
associated with leads (vegetations, clots, con‑
nective tissue bands), evaluate tricuspid valve 
function, presence of interatrial defects (patent 

stylets and polypropylene telescoping (Byrd) di‑
lators (Cook) are usually the first ‑choice tools for 
lead extraction. Powered mechanical sheath sys‑
tems (Evolution, Cook, TightRail Spectranetics) 
are used if polypropylene telescoping sheaths 
appear ineffective. The femoral approach, using 
the femoral workstation with a basket, the Am‑
platz GooseNeck Snare Kit (Amplatz, United 
States), is used for free ‑floating leads with prox‑
imal endings in the lumen of the superior vena 
cava (SVC). In highly complex cases, a combina‑
tion of various approaches (jugular, subclavian, 
femoral) sometimes has to be used for single 
lead extraction.4-7

Transvenous lead extraction is a relatively 
safe procedure with very high efficacy; the rates 
of major complications and periprocedural mor‑
tality range from 0.9% to 4% and from 0.2% to 
0.4%, respectively.1-7 Lead extraction procedures 
are most frequently performed in a hybrid oper‑
ating room or in an operating room, in patients 
under general anesthesia, with invasive blood 
pressure measurements, in the sterile surgical 
field (if sternotomy is required), and with onsite 
cardiac surgical standby.1,2,4,7-10

Complications of transvenous lead extraction proce-
dures As endocardial leads have contact with 
vascular and cardiac walls and flowing blood, 
they are covered with connective tissue, which 
gradually hardens and adheres to cardiovascu‑
lar structures. Fibrous buildup appears within 
veins, the atrium, the tricuspid apparatus, and 
the ventricle. Freeing the leads may cause dam‑
age to the venous wall or cardiac structures re‑
sulting in life ‑threatening bleeding. Damage 
to the subclavian vein, the innominate vein, or 
the SVC leads to mediastinal hematoma, SVC 
rupture in its medial segment causes bleeding to 
the right pleural cavity, whereas SVC tear in its 
inferior segment and atrial wall laceration are as‑
sociated with hemorrhage to the pericardial sac 
and tamponade.6-9 Acute cardiac injury causes 
acute hemodynamic disorders and can be life‑

‑threatening. Only an immediate (within several 
minutes) surgical intervention may prevent dan‑
gerous events.1,2,5,7-10 Sudden drops in blood pres‑
sure require immediate exploration of the area to 
find the bleeding site, and immediate TEE (com‑
plemented with TTE if needed, for instance, to 
assess the pleural cavity) is the most effective 
option.11 The assessment of the bleeding dynam‑
ics helps the operator to make an extremely im‑
portant decision as to whether a chest drain is 
required or it is enough to monitor the patient 
if the bleeding stops. In an emergency situation, 
there is usually no time for inserting an esoph‑
ageal probe and starting diagnostic imaging.12-18 
Therefore, both the European and American 
guidelines on transvenous lead extraction rec‑
ommend continuous TEE monitoring of patients 
undergoing TLE.1,2,5
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TEE monitoring during TLE. Tricuspid valve 
damage, which may cause acute tricuspid re‑
gurgitation increase (TRI), only in recent guide‑
lines has been considered the major complica‑
tion of the procedure1,2 (FIGURe 1). The incidence of 
acute TRI has been reported to range from 3.5% 
to 15%.33-38 Risk factors for TV injury include 
patients’ age (>75 years), female sex, presence 
of vegetations on the TV or the leads,34-36,38 re‑
moval of multiple leads, and the need to use ad‑
ditional equipment34,36 or laser energy.34 Howev‑
er, the most crucial risk factor for TRI is probably 
the age of the extracted leads, as demonstrated 
by Park et al,22 who detected 24 cases (11.5%) of 
TV damage in 208 patients (mean lead age, 11.8 
years). In conclusion, the researchers suggested 
that “following TLE, TV damage and acute TRI 
were commonly detected by transesophageal 
echocardiography, particularly in patients with 
old leads. Lead abandonment strategies, which 
prolong implantation duration of future leads 
requiring extraction, should consider the poten‑
tial long ‑term deleterious impact on TV func‑
tion”22 (FIGURe 1).

Monitoring of the traction on cardiac walls dur-
ing dissection of the encapsulating fibrous tissue  
Removal of adherent leads requires strong pull‑
ing on the lead and cardiac structures to which 
it is attached. Informing the extractor about 
binding sites and monitoring during dissecting 
sheath (polypropylene, mechanical rotational) 
manipulation facilitates the timely modification 
of the extraction technique to maximize proce‑
dure efficacy and minimize potential complica‑
tions17,18 (FIGURe 2).

Drop in arterial blood pressure during transve-
nous lead extraction: the role of echocardiography  
The apex of the right ventricle (RV) may be pulled 
on during lead removal, thus decreasing ven‑
tricular volume, cardiac output, and, as a con‑
sequence, arterial blood pressure (Supplemen‑
tary material, Figure S2A and S2B).

Hemodynamic instability requires urgent ver‑
ification of its causes and, first of all, ruling out 
heart injury, bleeding, and tamponade. The in‑
version of the RV visible on 2‑dimensional TEE 
may also be confirmed on 3‑dimensional imag‑
ing and the cause of pressure fall can be quick‑
ly identified.1,2,11-13,16,23,29

Our experience shows that, apart from pull‑
ing on the RV, there may be other causes of tran‑
sient systolic blood pressure fall ≥40 mm Hg 
from baseline. Such a significant drop in blood 
pressure occurs after premedication and intu‑
bation, when the ostium of the SVC to the right 
atrium is occluded.17

Vegetations and other asymptomatic masses on 
the leads Transesophageal echocardiography is 
used as an essential modality for the diagnosis 

foramen ovale, atrial septal defect), left ventric‑
ular function, and assess possible fluid accumu‑
lation in the pericardial and pleural space. It is 
of importance to document these phenomena 
for postprocedural comparison.

The intraprocedural stage involves echocardio‑
graphic monitoring at the moment of lead remov‑
al to watch the process of pulling on cardiac walls 
and right ventricular caving inward, followed by 
a drop in systolic blood pressure in response to 
this maneuver. However, it may be the other way 
round, as it is often necessary to use TEE to eluci‑
date the mechanism of the observed fall in blood 
pressure. Furthermore, it is vital for the extrac‑
tor to control simultaneous pulling on the other 
lead in the case of lead ‑to ‑lead binding. It is also 
important to observe breaking off and dislodge‑
ment of a fibrous capsule surrounding the lead 
as well as breaking off and migration of vegeta‑
tion fragments. It is of key importance to eval‑
uate the buildup of excess fluid in the pericardi‑
al sac. If injury to heart walls occurs, TEE may 
help to localize the damage site by identifying 
the wall segment on which the greatest pulling 
force is exerted. Stage 3 ends with the TEE evalu‑
ation of the procedure completeness, looking for 
the remaining lead fragments and, if still pres‑
ent, monitoring their removal.

The postprocedural stage mainly involves 
the assessment of procedure efficacy, and mon‑
itoring the complications and treatment out‑
comes in patients with wall injuries. This stage 
also involves a comparative assessment of tri‑
cuspid valve function, connective tissue rem‑
nants, and possible fragments of vegetations.

If new leads are inserted, navigation with 
TEE allows for optimization of lead course 
through the tricuspid valve, precise position‑
ing of the lead tip in the desired site, and easier 
localization of the coronary sinus ostium.

Three- and four -dimensional transesophageal echo-
cardiography during transvenous lead extraction  
So far, only a single study has attempted to in‑
vestigate the role of 3‑dimensional TEE during 
TLE.16 The advantages of 3‑dimensional imaging 
have been documented in patients with expect‑
ed technical difficulties during the extraction 
procedure. Transesophageal echocardiography 
was found helpful in distinguishing free ‑floating 
and adherent leads. Furthermore, 3‑dimension‑
al TEE allowed for more precise detection of 
the course of the leads and determination of 
the relationship between the lead and the tri‑
cuspid valve (leaflets, commissures, tendinous 
ring)16,32 (Supplementary material, Figure S1).

Transvenous lead extraction monitoring: 
evaluation of echocardiographic phenome-
na Damage to the tricuspid valve associated with 
lead removal The assessment of tricuspid valve 
(TV) function is one of the key components of 
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symptoms is possible thanks to continuous TEE 
monitoring26 using a combination of standard 
midesophageal 4‑chamber projection and short‑

‑axis transgastric projection.25 The  choice of 
a therapeutic option (observation, pericardial 
sac drainage, quick opening of the chest, and re‑
pair of the injury) depends on the rate of fluid ac‑
cumulation, right ventricular diastolic function, 
and the degree of hemodynamic disorders. Only 
the early detection of fluid helps to evaluate its ac‑
cumulation and effect on cardiac hemodynamics 
(Supplementary material, Figure S3).

Transesophageal echocardiography moni-
toring: the role in the assessment of post‒
transvenous lead extraction phenomena  
Structures in the cardiac cavities and the vascular 
lumen after transvenous lead extraction A com‑
petent differentiation of structures remaining 
in the cardiac cavities and the vascular lumen af‑
ter TLE is a relevant component of the postproce‑
dural assessment.1,2,18,25 Connective tissue struc‑
tures should be distinguished from the remnants 
of vegetations, fragments of not extracted leads 
or insulation, as it is of vital importance for fur‑
ther treatment and clinical management. In pa‑
tients in whom TLE is performed for noninfec‑
tious indications, connective tissue remnants do 

of intracardiac masses, both bacterial vegeta‑
tions and asymptomatic masses on endocardial 
leads. The assessment of vegetations, their size, 
mobility, location, and contact with the leads 
and cardiac structures determines the choice 
of the TLE technique (routine procedure, bas‑
kets for pulmonary protection, referral for car‑
diac surgery).12,17-19,39,40-44

Lewis et al25 described a novel way to use TEE 
navigation during the aspiration of vegetations 
by mechanical thrombectomy (System TM, Pen‑
umbra Inc., Alameda, California, United States 
or Angiovac, Angiodynamics, New York, Unit‑
ed States) to prevent pulmonary embolism. In 
that study, the authors successfully performed 
single TLE with aspiration thrombectomy us‑
ing the TM Penumbra Inc. system and a nitinol 
basket for protection against pulmonary embo‑
lism. The procedure ended with complete proce‑
dural success and was performed in a high ‑risk 
female patient with a large vegetation (about 
3 cm2) and multiple chronic conditions (FIGURe 3).

Fluid in the pericardial sac The accumulation of 
fluid in the pericardial sac during TLE is always 
an ominous sign indicating an injury to the cardiac 
wall that may cause tamponade. A quick detection 
of fluid preceding the development of the clinical 

 Figure 1 Tricuspid valve damage during transvenous lead extraction: A ‒ transesophageal echocardiography 
(TEE; 2‑dimensional, transgastric view) showing lead adhesion (red arrow) to the posterior leaflet (white arrow) and 
the subvalvular apparatus (yellow arrows) detected during lead extraction. Black arrows mark the lead for temporary pacing. 
B ‒ TEE (3‑dimensional, transgastric view from the right atrial side) showing pulling on the lead (red arrows) and the tricuspid 
valve (white arrows indicate the leaflets and the annulus); C ‒ TEE (2‑dimensional, transgastric view) showing a ruptured papillary 
muscle head prolapsing into the right heart chambers (white circle), D ‒ TEE (2‑dimensional, transgastric view) with color Doppler 
imaging showing the significant regurgitant jet extending into the right atrium and a fragment of the detached papillary muscle 
moving into the tricuspid ostium
 Abbreviations: RA, right atrium; RV, right ventricle; TV, tricuspid valve
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 Figure 2 Monitoring of the process of pulling on the cardiac walls during lead dissection: A ‒ fluoroscopy showing 
the extraction of a high ‑voltage lead, adhesion of the externalized coil to the right atrium wall (arrow); B ‒ transesophageal 
echocardiography (3‑dimensional, bicaval view) showing strong pulling on the right wall at the site of coil externalization and 
adhesion (red arrow), pseudo–cardiac tamponade (yellow arrow) due to separation of pericardial layers; C ‒ ventricular lead 
extraction (red arrow) and the telescoping sheaths (blue arrow); D ‒ transesophageal echocardiography (2‑dimensional, 
midesophageal modified view) showing pulling on the wall of the right ventricle at the binding site, pseudo–cardiac tamponade 
(grey line)—pericardial separation due to ventricular wall traction. The uncoiled conductor (red arrow) is in the lumen of 
the sheath (blue arrow). E ‒ the removed leads
 Abbreviations: IAS, interatrial septum; IVS, interventricular septum; LA, left atrium; others, see FIGURe 1
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 Figure 3 Transesophageal echocardiography monitoring of the aspiration of a vegetation attached to the lead and 
the tricuspid valve using the TM Penumbra Inc. system and pulmonary embolism protection during transvenous lead extraction: 
A ‒ lead ‑related infective endocarditis and vegetations visible on the high ‑voltage lead (blue arrow) in the right ventricle (yellow 
arrows) attached to the lead and the tricuspid valve (red asterisk); B ‒ aspiration of the vegetation using the TM Penumbra Inc. 
system under transesophageal echocardiography guidance (2‑dimensional, transgastric view); C ‒ simultaneous fluoroscopic 
image showing a nitrile basket (circle) in the pulmonary trunk to protect the pulmonary circulation; D ‒ vegetations
 Abbreviations: see FIGURe 1
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Assessment of the effectiveness of the surgical 
treatment of transvenous lead extraction compli-
cations Monitoring the TLE procedure with 
TEE is also useful in the event of complications 
requiring cardiac surgery. Evaluation of the ef‑
fectiveness of cardiac surgery includes imaging 
of the pericardium after suturing a torn heart 
cavity, assessing left ventricular ejection frac‑
tion and function of the tricuspid valve, as well 
as visualization of the position of the newly im‑
planted leads.

Role of transesophageal echocardiography in 
the implantation of a new system after transvenous 
lead extraction After completion of the extrac‑
tion procedure, it is most frequently necessary 
to implant a new device, including placement 
of a left ventricular pacing lead. Transesoph‑
ageal echocardiography facilitates monitoring 
the process of coronary sinus intubation, which 
may shorten fluoroscopy time (Supplementary 
material, Figure S6). Furthermore, TEE helps to 
evaluate lead position, especially at the level of 
the tricuspid valve. If high voltage leads are to 
be implanted, the relation between the proxi‑
mal end of the coil and the level of the valve and 
its leaflets can be precisely assessed.

not affect long ‑term prognosis.39,45,46 However, if 
TLE is performed for infectious reasons, the re‑
maining vegetations and / or fibrous tissue (po‑
tentially infected) is a risk factor for recurrent 
infection42 and higher long ‑term mortality.47,48 
The fragments of insulation and lead segments 
longer than 4 cm also have to be removed1,27,30,31 
(Supplementary material, Figure S4).

Silicone tube remnants Another important ad‑
vantage of 2‑ and 3‑dimensional TEE in patients 
undergoing TLE is the possibility to visualize 
and monitor the percutaneous removal of sili‑
cone tube remnants left in the cardiac cavities 
after TLE.16 Insulation fragments remaining 
lodged in the cardiac cavities have been rarely 
described in the literature.18,27,31 The silicone tube 
is invisible on fluoroscopy and that is why intra‑
procedural TEE is so crucial (Supplementary ma‑
terial, Figure S5). Transesophageal echocardiog‑
raphy not only detects lead remnants49 but also 
allows for evaluating the chances of grasping 
them by gooseneck snares and complete removal. 
Such an extraction procedure may be challeng‑
ing, because the free end of the lead remnant is 
usually strongly attached to the wall or anchored 
deeply within the myocardium7,25,30,31 (FIGURe 4).
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SVC
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RAA

RAA
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C B1

 Figure 4 Attempted removal of the lead remnant using a lasso sheath: A ‒ transesophageal echocardiography (2‑dimensional, 
bicaval view) showing a fragment of the broken lead tip (red arrow) and the silicon tube (yellow arrow) in the right atrial appendage; 
B ‒ transesophageal echocardiography (3‑dimensional, bicaval view) showing grasping the broken pieces (A) with a lasso sheath 
(blue arrows). The tightened lasso loop around the target piece is shown on panel B1; C ‒ fluoroscopy showing the broken lead 
(arrow) and the lasso sheath (circle)
 Abbreviations: RAA, right atrial appendage; SVC, superior vena cava; others, see FIGURe 2
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the procedure was estimated using the Transve‑
nous Lead Extraction SAFeTY Score.49 The study 
demonstrated that the continuous monitoring of 
TLE procedures significantly reduced the num‑
ber of the most dangerous complications as‑
sociated with cardiac and vascular wall dam‑
age in patients at potentially higher procedure‑

‑related risk. The results of our study for the first 
time confirmed higher procedural efficacy of 
TLE and a reduced risk of cardiovascular injury 
during TLE under TEE guidance. The study also 
showed that continuous TEE monitoring helped 
to achieve 100% periprocedural survival.17,18

conclusions Transesophageal echocardiog‑
raphy monitoring of TLE procedures provides 
valuable information at each stage of the TLE 
procedure.
1	 At the preprocedural stage, performed in 
comfortable conditions both for the patient and 
the extraction team, the TEE examination pro‑
vides the operator with information about pos‑
sible yet unknown difficulties that may influ‑
ence the technique of extraction (the presence 
and size of vegetations and the degree of con‑
nective tissue buildup appear to be the most rel‑
evant factors).
2	 The intraprocedural stage involves TEE moni‑
toring at the moment of lead removal to control 
pulling on cardiac walls and right ventricular cav‑
ing inward resulting in a drop in systolic blood 

Importance of intraprocedural transesoph-
ageal echocardiography for the safety and 
effectiveness of transvenous lead extrac-
tion There is a large number of published stud‑
ies that describe the significant role of echocar‑
diographic examinations before and after the ex‑
traction procedure, but the present research 
emphasizes the importance of intraprocedural 
echocardiographic imaging. We provide a long 
list of echocardiographic findings detected in 
1005 patients undergoing TLE in the years 2015 
to 2020 in a single reference center and discuss 
them only with respect to the usefulness of TEE 
for lead extraction monitoring (stage 2 and 3 of 
the procedure) (TAbLe 1).

There is no equivocal evidence showing that 
TEE monitoring of the patient undergoing TLE 
provides measurable benefits for procedure effi‑
cacy and safety. As major complications associ‑
ated with TLE (0.9%‒4%) or procedure ‑related 
deaths (0.2%‒0.4%) are relatively rare, in order 
to confirm the substantial benefit of TEE, it is 
necessary to compare equally sized groups in‑
cluding more than 1000 procedures each. Ap‑
preciating the enormous usefulness of TEE 
monitoring in everyday practice, we analyzed 
3185 TLE procedures in our previous study,50 in‑
cluding 1079 with continuous TEE monitoring 
versus 2106 with TEE assessment only before 
and after the procedure (without TEE monitor‑
ing). The risk of major complications related to 

TAble 1 Authors’	experience	in	performing	1005	transvenous	lead	extraction	procedures	in	a	single	reference	
center	in	Zamość	(Poland)	in	the	years	2015	to	2019

Usefulness	of	TEE	for	the	navigation	of	lead	extraction	(procedure	stages	2	and	3) Value

Pulling on the RA / RAA during mechanical lead extraction 427 (42.5)

Pulling on the tricuspid leaflet during mechanical lead extraction 93 (9.3)

Pulling on the RV wall during mechanical lead extraction 271 (27)

Pulling on another lead (not being extracted) during mechanical lead extraction 120 (11.9)

Free ‑floating fragments of fibrous encapsulation (“ghosts”) during lead extraction 137 (13.6)

Freeing vegetations during lead extraction 53 (5.3)

Monitoring of fluid accumulation in the epicardial space, tamponade, RV wall caving inward 14 (1.5)

Monitoring of fluid accumulation in the epicardial space, tamponade, blood clotting 1 (0.1)

Monitoring of fluid accumulation in the epicardial space, epicardial fluid without hemodynamic 
consequences, intra and postprocedural monitoring

20 (2.1)

Maximum blood pressure drop during mechanical dilatation, mm Hg, mean (SD) 21.59 (15.5)

Significant blood pressure drop during mechanical dilatation 128 (12.7)
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Navigation of a new CS lead implantation (visualization of lead location in the CS ostium) 104 (10.3)

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: CS, coronary sinus; RV, right ventricular; TEE, transesophageal echocardiography; others, see FIGUReS 1 and 4



R E V I E W  A R T I C L E  Echocardiography in transvenous lead extraction 1213

10 Zucchelli G, Di Cori A, Segreti L, et al; eLeCTRa  investigators. Major cardi-
ac and vascular complications after transvenous lead extraction: acute outcome 
and predictive factors from the eSC -eHRA eLeCTRa (european Lead extraction Con-
TRolled) registry. europace. 2019; 21: 771-780.
11 Hilberath JN, burrage PS, Shernan SK, et al. Rescue transoesophageal echo-
cardiography for refractory haemodynamic instability during transvenous lead ex-
traction. eur Heart J Cardiovasc Imaging. 2014; 15: 926-932.
12 endo Y, O’Mara Je, Weiner S, et al. Clinical utility of  intraprocedural trans-
esophageal echocardiography during transvenous lead extraction. J Am Soc echo-
cardiogr. 2008; 21: 861-867.
13 Regoli F, Caputo M, Conte G, et al. Clinical utility of routine use of continuous 
transesophageal echocardiography monitoring during transvenous lead extraction 
procedure. Heart Rhythm. 2015; 12: 313-320.
14 Oestreich bA, Ahlgren b, Seres T, et al. Use of transesophageal echocardiog-
raphy to improve the safety of transvenous lead extraction. JACC Clin electrophysi-
ol. 2015; 1: 442-448.
15 Regoli F, D’Ambrosio G, Caputo ML, et al. New -onset pericardial effusion dur-
ing transvenous lead extraction: incidence, causative mechanisms, and associated 
factors. J Interv Card electrophysiol. 2018; 51: 253-261.
16 Strachinaru M,  Kievit  CM,  Yap  SC,  et  al. Multiplane/3D  transesophageal 
echocardiography monitoring  to  improve  the  safety  and  outcome  of  complex 
transvenous lead extractions. echocardiography. 2019; 36: 980-986.
17 Nowosielecka D, Jacheć W, Polewczyk A, et al. Transesophageal echocardiog-
raphy as a monitoring tool during transvenous lead extraction -does it improve pro-
cedure effectiveness? J Clin Med. 2020; 9: 1382.
18 Nowosielecka D, Polewczyk A, Jacheć W, et al. A new approach to the con-
tinuous  monitoring  of  transvenous  lead  extraction  using  transesophageal 
echocardiography -analysis  of  936  procedures.  echocardiography.  2020;  37: 
601-611.
19 Dello Russo A, Di Stasi C, Pelargonio G, et al. Intracardiac echocardiogram-
-guided use of  a Dormia basket  to prevent major  vegetation  embolism during 
transvenous lead extraction. Can J Cardiol. 2013; 29: 1532.e11-3.
20 Lee JZ, Agasthi P, Pasha AK, et al. Stroke in patients with cardiovascular im-
plantable electronic device infection undergoing transvenous lead removal. Heart 
Rhythm. 2018; 15: 1593-1600.
21 Thompson JJ, McDonnell KM, Reavey -Cantwell JF, et al. Paradoxical septic em-
boli secondary to pacemaker endocarditis: transvenous lead extraction with distal 
embolization protection. Circ Arrhythm electrophysiol. 2014; 7: 1271-1272.
22 Park SJ, Gentry JL 3rd, Varma N, et al. Transvenous extraction of pacemaker 
and defibrillator leads and the risk of tricuspid valve regurgitation. JACC Clin elec-
trophysiol. 2018; 4: 1421-1428.
23 Love CJ. Transesophageal echocardiography monitoring during lead extrac-
tion procedures. JACC Clin electrophysiol. 2015; 1: 449-450.
24 Sonny  A, Wakefield  bJ,  Sale  S,  et  al.  Transvenous  lead  extraction:  a  clin-
ical  commentary  for  anesthesiologists.  J  Cardiothorac  Vasc  Anesth.  2018;  32: 
1101-1111.
25 Lewis  RK,  Pokorney  SD,  Hegland  DD,  Piccini  JP.  Hands  on:  how  to  ap-
proach patients undergoing lead extraction. Cardiovasc electrophysiol. 2020; 31: 
1801-1808.
26 Swanton bJ, Keane D, Vlahakes GJ, Streckenbach SC. Intraoperative trans-
esophageal echocardiography in the early detection of acute tamponade after la-
ser extraction of a defibrillator lead. Anesth Analg. 2003; 97: 654-656.
27 Kutarski A, Chudzik M, Tomaszewski A, et al. Difficult dual -stage transcuta-
neous multiple lead extraction with loss of external silicone tube of broken lead. 
Cardiol J. 2013; 20: 94-99.
28 Kutarski  A,  Pietura  R,  Tomaszewski  A,  et  al.  Transvenous  extraction  of 
an eight -year -old ventricular  lead accidentally  implanted into the  left ventricle. 
Kardiol Pol. 2013; 71: 1317-1321.
29 Sadek MM, epstein Ae, Cheung AT, Schaller RD. Pseudo -tamponade during 
transvenous lead extraction. Heart Rhythm. 2015; 12: 849-850.
30 Grabowski M, Kutarski A, Kołodzińska A, et al. Transvenous retained lead 
fragment removal after incomplete extraction assisted by three -dimensional tran-
soesophageal echocardiography. Kardiol Pol. 2016; 74: 195.
31 Tanawuttiwat T, Cheng A, Rickard J, et al. Successful extraction of right ven-
tricular lead remnants using the FlexCath® steerable sheath. J Interv Card electro-
physiol. 2016; 45: 107-110.
32 Szymczyk e, Kaszczyński T, Religa G, et al. Use of three- dimensional echocar-
diography for monitoring of tricuspid valve endocarditis treatment with a novel ex-
tracellular matrix cylinder reconstruction. Kardiol Pol. 2018; 76: 811.
33 Roeffel S, bracke F, Meijer A, et al. Transesophageal echocardiographic eval-
uation of tricuspid valve regurgitation during pacemaker and implantable cardio-
verter defibrillator lead extraction. Pacing Clin electrophysiol. 2002; 25: 1583-1586.
34 Franceschi F, Thuny F, Giorgi R, et al. Incidence, risk factors, and outcome of 
traumatic tricuspid regurgitation after percutaneous ventricular lead removal. J 
Am Coll Cardiol. 2009; 53: 2168-2174.
35 Glover bM, Watkins S, Mariani JA, et al. Prevalence of tricuspid regurgitation 
and pericardial effusions following pacemaker and defibrillator lead extraction. Int 
J Cardiol. 2010; 145: 593-594.
36 Coffey JO, Sager SJ, Gangireddy S, et al. The impact of transvenous lead ex-
traction on tricuspid valve function. Pacing Clin electrophysiol. 2014; 37: 19-24.

pressure in response to this maneuver. Further‑
more, it is vital for the extractor to control simul‑
taneous pulling on the other lead in the case of 
lead ‑to ‑lead binding, to observe breaking off and 
dislodgement of the fibrous capsule surrounding 
the lead as well as breaking off and migration of 
vegetation pieces, and to evaluate the buildup of 
excess fluid in the pericardial sac. If injury to heart 
walls occurs, TEE may help to localize the damage 
site by detecting the loss of cardiac wall integrity or 
identifying the wall segment on which the greatest 
pulling force is exerted. Stage 3 ends with the TEE 
evaluation of the procedure completeness, looking 
for the remaining lead fragments and, if still pres‑
ent, monitoring their removal.
3	 The postprocedural stage mainly involves 
the  assessment of procedure efficacy, and 
the monitoring of complications and treatment 
outcomes in patients with wall injuries. This 
stage also includes a comparative assessment 
of tricuspid valve function, connective tissue 
remnants, and possible vegetations.
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