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Electrode ingrowths revealed during cadaveric dissection
of a 5y old implanted pacemaker

— the case report
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Abstract: Increasing numbers of implanted cardiovascular electronic devices, results in a need for lead 
extractions, which has increased to an annual volume of over 10,000 worldwide. We present a cadaveric 
dissection body with a single chamber pacemaker implanted 5y before death.
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Introduction

Th ere has been an increased amount of cardiovascular implantable electronic devices 
(CIEDs), resulting in a rise of lead extractions worldwide. Currently, there have been 
more than 10,000 lead extractions occurring annually [1]. Although these procedures 
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are typically uneventful, they are associated with a consistent rate of significant 
procedure-related complications and mortality [2]. Th e National Cardiovascular Data 
Registry for transvenous lead extraction reports possible cardiac complications to be 
around 2.3% [3].

Th e pacemaker implantation procedure most commonly requires the left  cephalic 
or left  subclavian access, through which the electrode is placed in the right ventricle 
via the superior vena cava, right atrium, and tricuspid valve. Th e pacemaker can 
is placed beneath the skin, below the clavicle medially to the anterior axillary line. 
Reasons and indications for lead extraction were published in Heart Rhythm Society 
(HRS) guidelines [4].

Traction on densely adherent lead or using tools to cut through a dense adhesion 
may result in vein wall damage. We have not found such a case of a dissected electrode 
in literature during cadaveric dissection.

Case report

During a routine dissection of a 10% formalin-fi xed cadaver of an 87-year-old male, 
with a well known medical history involving an implanted pacemaker, we uncovered 
the whole course of an electrode from the pacemaker pocket up to the right ventricle. 
Th e single chamber pacemaker Vitatron G20– was inserted because of atrioventricular 
block t.3 in the course of bradycardia during permanent atrial fi brillation. Venous 
access was made by cephalic vein dissection in the deltopectoral groove.

Anatomic dissection started with sternotomy. During the early stages of 
preparation, there were diffi  culties with the opening of the chest because of a previous 
cardio surgery operation (coronary artery bypass graft  CABG Ao to RCA and Dg2).

Aft er uncovering the electrode, we found epithelial lining throughout the course 
of the electrode and an ingrowth in the beginning of the superior vena cava (SVC), 
on the right aspect, close to the left  Brachiocephalic vein access (Fig. 1A), in the 
end of the SVC just before the entrance to the right atrium (Fig. 1B) and in the 
cavotricuspid isthmus — over Todaro Ligament (Fig. 1B). Th e length of ingrowth was 
also impressive –high right atrium — beginning of SVC — 5 cm, the superior aspect 
of SVC– brachiocephalic connection — 2 cm, ligament of Todaro 1 cm, tricuspid 
annulus 0.5 cm. After the electrode trespassed the tricuspid annulus, impressive 
tissue was found layering over the silicone cuff  (Fig. 2A, 2B), between the septal and 
posterior cusp of the tricuspid valve. From the described position, the electrode was 
directed toward the interventricular septum.
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Fig. 1. A — an uncovered course of the electrode via brachiocephalic vein and superior vena cava (SVC); 
B — entrance through SVC to the right atrium, HRA — high right atrium, FO — foramen ovale, CS — 
coronary sinus, with white arrows marked places of ingrowths into heart endothelium, * Todaro tendon.

Fig. 2. A — view of the electrode from right atrium; * Todaro ligament, CS — coronary sinus; B — view 
from the right ventricle, PM — papillary muscle.
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Discussion

Th e ingrowths present within the silicone electrode occur because of so-called 
tribological phenomena [5], but not as described, lead to lead, but between the lead 
surface and epithelium. Such fi ndings may be similar to wound healing described 
by Modarai, who analyzed native resolutions of thromboses in venous systems [6]. 
Th e same kind of process was described aft er the Micra pacemaker autopsy [7]. 
Biotribology deals with interacting surfaces in motion in biological system. Wear, 
friction and lubrication infl uence not only function of lead but also native tissue. 
Tribology phenomena appears on leads bend in heart cavities which contact with 
native tissues as well as other leads [8]. Systematic friction in the most curved parts 
of the electrode with the highest force of contact creates local endothelial damage, 
infl ammation and clot formation; therefore, repair processes were observed. Lead 
cannot damage blood at the same time suitable lubrication must be preserved what 
is oft en impossible in biological system. Tribological phenomena may also appears 
between elements of lead, inside it. Lead implantation results in endothelial damage 
what is worsen by continous friction and irritation by the electrode. Th ese processes 
are more common in heart cavities than in vein because of continuous movement 
what is confi rmed by higher frequency of ingrowths in heart compared to vessels. 
Lead diameter and route of implantation aff ect initiation of ingrowths formation. In 
the same time infl ammation also promote fi brosis. Patients with pacemakers have 
signifi cant higher levels of proinfl ammatory cytokines. Th e levels do not result in 
systemic symptoms but may result in to local infl ammatory. Vascular endothelium 
function is worsen by pacemaker implantation. It is exacerbated by atrial fi brilation 
and hypertension [9, 10]. Th ere are hypothesis that fi brosis has protective function 
by lowering risk of thrombosis. Encapsulation also provide the fi xation of electrode 
and prevent from moving. Nethertheless fi brosis caused serious danger during lead 
extraction or disturbing electrical properties of lead. Fibrousus capsule contain 
fi brousus tissue, collagen, white blood cells and endothelium, particularly external 
layer.

Th e adhesion of the electrode over the tricuspid valve, between the septal and 
posterior cusps, was observed and described through echocardiography imaging as 
a form of Lead dependent Tricuspid dysfunction (LDTD) [11, 12]. Ingrowths may 
cause regurgitation as well as stenosis. Th is lead impingement on the leafl ets leads 
to abnormal coaptation of the tricuspid valve with progressive leafl et dysfunction, 
functional tricuspid regurgitation, and fi nally, right ventricle asynchrony [13, 14]. 
Aft er years almost 80% of canine intraventricular leads results in valular impairment 
cause by fi brosis ingrowths.

Because it was 5 years aft er implantation, the size and depth of the ingrowth were 
signifi cant. Simple traction cannot be removed aft er long-term electrode implantation, 
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due to possible complications involving venous laceration, tricuspid valve damage or 
cardiac tamponade. FIbrosis covering may enlarge enough to cause vena cava superior 
stenosis but also vena cava inferior stenosis.

Clinical implication

Transvenous lead extraction has various complications. It may cause cardiac 
tamponade, vascular injury or tricuspid valve regurgitation. Vascular damage is 
mainly caused because of traction on densely adherent lead or using tools to cut 
through a dense adhesion.

Th e anatomical section of the patient with the implantable device has a tremendous 
cognitive value for the risk of transvenous electrode removal procedures.

Th ese pictures may emphasize the signifi cance for better planning and should be 
used to infl uence operators to perform in a much safer manner during lead extraction 
procedures.

Confl ict of interest

None declared.

References

1. Hauser R.G., Katsiyiannis W.T., Gornick C.C., Almquist A.K., Kallinen L.M.: Deaths and 
cardiovascular injuries due to device-assisted implantable cardioverter-defibrillator and pacemaker 
lead extraction. Europace. 2010; 12: 395–401.

2. Brunner M.P., Cronin E.M., Duarte V.E., Yu C., Tarakji K.G., Martin D.O., et al.: Clinical predictors 
of adverse patient outcomes in an experience of more than 5000 chronic endovascular pacemaker 
and defibrillator lead extractions. Heart Rhythm. 2014; 11: 799–805.

3. Sood N., Martin D.T., Lampert R., Curtis J.P., Parzynski C., Clancy J.: Incidence and Predictors of 
Perioperative Complications With Transvenous Lead Extractions: Real-World Experience With 
National Cardiovascular Data Registry. Circ Arrhythm Electrophysiol. 2018 Feb.; 11 (2): e004768.

4. Wilkoff  B.L., Love C.J., Byrd C.L., Bongiorni M.G., Carrillo R.G., Crossley G.H. 3rd, et al.: Transvenous 
lead extraction: Heart Rhythm Society expert consensus on facilities, training, indications, and 
patient management: Th is document was endorsed by the American Heart Association (AHA). 
Heart Rhythm. 2009; 6: 1085–1104.

5. Małecka B., Ząbek A., Ciaś A., Stępiński J., Kutarski A., Rońda J., et al.: Endocardial silicone lead 
wear: description of tribological phenomena on the basis of microscopic examination of removed 
leads. Preliminary report. Kardiologia Polska. 2014; 72, 10: 960–968.

6. Modarai B., Burnand K.G., Humphries J., Waltham M., Smith A., et al.: Th e role of neovascularization 
in the resolution of venous thrombus. Th romb Haemost. 2005 May; 93 (5): 801–809.

7. Kypta A., Blessberger H., Kammler J., Lichtenauer M., Lambert T., Silye R., Steinwender C.: First 
Autopsy Description of Changes 1 Year After Implantation of a Leadless Cardiac Pacemaker: 
Unexpected Ingrowth and Severe Chronic Infl ammation. Can J Cardiol. 2016 Dec; 32 (12): 1578.
e1–1578.e2.



66 Marcin Kuniewicz, Jerzy Andrzej Walocha, et al.

 8. Jin Z.M., Zheng J., Li W., Zhou Z.R.: Tribology of medical devices. Biosurface and Biotribology. 
2016; 2: 173–192.

 9. Zhang X., Li Y., Wang N., Zhang C., Zhang D., Li Q.: Eff ects of permanent cardiac pacemaker 
implantation on vascular endothelial function, blood coagulation and cardiac function in patients 
with bradycardia. Experimental and Th erapeutic Medicine. 2018; 16: 4717–4721.

10. Krishnamoorthy S., Khoo C., Lim H., Lip G.: Predictive value of atrial high-rate episodes for arterial 
stiff ness and endothelial dysfunction in dual-chamber pacemaker patietns. European Journal of 
Clinical Investigation. 2014; 44 (1): 13–21.

11. Eposito M., Kennergren C., Holmstrom N., Nilsson S., Eckerdal J., Th omsen P.: Morphologic and 
immunohistochemical observation of tissues surrounding retrieved pacemaker leads. Biomed Mater 
Res (Appl Biomater). 2002; 63: 548–558.

12. Polewczyk A., Kutarski A., Tomaszewski A.: Lead dependent tricuspid dysfunction: Analysis of the 
mechanism and management in patients referred for transvenous lead extraction. Cardiol J. 2013; 20 
(4): 402–410.

13. Lin G., Nishimura R.A., Connolly H.M., Dearani J.A., Sundt T.M. 3rd, Hayes D.L.: Severe symptomatic 
tricuspid valve regurgitation due to permanent pacemaker or implantable cardioverter-defi brillator 
leads. J Am Coll Cardiol. 2005; 45: 1672–1675.

14. Trankle C., Gertz Z., Koneru J., Kasirajan V., Nicolato P., Bhardwaj H., Ellenbogen K., Kalahasty G.: 
Severe tricuspid regurgitation due to interactions with right ventricular permanent pacemaker or 
defi brillator leads. Pacing Clin Electrophysiol. 2018; 41: 845–853.


