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KEYWORDS Abstract Technical advances in health care have improved patient survival and quality of life,
latrogenic; but are not devoid of complications.

Tricuspid We present the case of a 74-year-old woman with a history of hypertensive heart disease
regurgitation; with preserved systolic function, atrial fibrillation and dyslipidemia. She had a DDDR pacemaker
Pacemaker lead; implanted in 2005 due to symptomatic complete atrioventricular block.

Heart valve disease; The patient reported progressive fatigue, weakness, ascites with abdominal discomfort, and
Annuloplasty lower limb edema, accompanied by non-specific hepatic cholestasis on biochemical testing.

Abdominal ultrasound revealed homogeneous hepatomegaly and dilatation of the inferior vena
cava and upper hepatic veins, suggestive of congestive hepatopathy.

Echocardiography revealed tricuspid regurgitation progressively worsening over the previous
four years and dilatation and progressive dysfunction of the right ventricle, with preserved left
ventricular function. The transesophageal echocardiogram revealed severe tricuspid regurgita-
tion with flail septal leaflet and marked dilatation of the tricuspid annulus due to mechanical
interference of the pacemaker lead, which was adhering to the septal leaflet. Minimally inva-
sive surgical treatment was performed with partial resection of the leaflet, placement of a
tricuspid annuloplasty ring and replacement of the pacemaker lead.

Regression of the congestive symptoms was observed, and the postoperative echocardiogram
showed the tricuspid annuloplasty ring with no evidence of stenosis and only slightly dilated
right chambers with moderate pulmonary hypertension. Six months after the procedure, the
patient suffered an acute neurological event and died.
© 2019 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Electrocatéter como causa iatrogénica de insuficiéncia cardiaca direita

Resumo O progresso técnico associado aos cuidados de saide tem permitido uma melhoria da
sobrevida e da qualidade de vida dos doentes, ndo sendo, no entanto, isento de complicagdes.

Apresenta-se o caso de uma doente de 74 anos, com historia de cardiopatia hipertensiva com
funcao sistolica preservada, fibrilhacdo auricular e dislipidemia. Era portadora de pacemaker
DDDR desde 2005 por blogueio auriculo-ventricular completo sintomatico.

Referia quadro arrastado de agravamento progressivo de cansaco, astenia, ascite com epi-
gastralgia, e edema dos membros inferiores, acompanhado de colestase hepatica bioquimica
inespecifica. A ecografia abdominal revelou hepatomegalia homogénea e dilatacao das veias
cava inferior e supra-hepaticas, sugestivos de hepatite de estase.

Apresentava, ecocardiograficamente, insuficiéncia tricispide em agravamento progressivo
nos ultimos 4 anos, com dilatacdo e disfuncao progressiva do ventriculo direito, mantendo
funcao ventricular esquerda preservada. O ecocardiograma transesofagico revelou regurgitacao
tricispide major por flail leaflet do folheto septal, com dilatacdo marcada do anel valvular,
em relacao com efeito mecanico do electrocatéter de pacemaker, que se encontrava aderente
ao folheto septal. Optou-se por tratamento cirirgico minimamente invasivo, com resseccao
parcial do folheto, colocacado de anel tricispide e recolocacdo do electrocatéter de pacing no
ventriculo direito.

Observou-se regressao dos sintomas de congestéo, objetivando-se o anel protésico tricUspide
sem evidéncia de estenose e cavidades direitas apenas ligeiramente dilatadas, com hipertensao
pulmonar moderada. Cerca de seis meses apos o procedimento, a doente sofreu um evento
neurolégico agudo, com evolucao desfavoravel, tendo vindo a falecer.
© 2019 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Tricuspid regurgitation (TR) has tended to receive less atten-
tion than aortic and mitral valve disease, and the tricuspid
is often referred to as the ‘forgotten valve’.’

According to the Framingham Heart Study, the preva-
lence of moderate or severe TR is approximately 0.8% and
increases with age. It is four times more common in women.?
TR is normally associated with mitral valve disease; more
than a third of patients with mitral stenosis suffer from at
least moderate TR.?

The etiology of TR can be primary (intrinsic) or secondary
(functional). Primary TR results from structural changes to
the valve apparatus and can be congenital or acquired; it
accounts for only 8-10% of cases of severe regurgitation.*
Secondary TR is normally due to tricuspid annulus dilatation
following right ventricular (RV) dilatation and dysfunction,
which may be primary or secondary to left-sided heart dis-
ease causing pulmonary hypertension. In most patients, TR
is functional and unrelated to primary heart valve disease.
It is often observed in advanced stages of left-sided heart
valve disease and myocardial disease. In 14% of patients,
TR occurs in the absence of structural changes in the valve,
pulmonary hypertension or left heart failure.®

Risk factors for persistent and worsening TR include atrial
fibrillation, the presence of pacemaker leads, pulmonary
hypertension, RV remodeling and increased RV pressure, and
the severity of the valve defect.® In cases of significant
regurgitation, progressive RV remodeling and dysfunction
due to chronic volume overload result in the detachment of

the papillary muscles and valve leaflet separation, leading to
worsening regurgitation and further RV dilatation. Moreover,
the dilated right ventricle may compress the left ventricle,
leading to an increase in pulmonary pressure and worsen-
ing of TR. The presence of a flail leaflet, which is known to
be linked to severe regurgitation, is associated with worse
survival and greater risk of heart failure.”

Morbidity and mortality in tricuspid valve surgery are
higher than in most heart surgery procedures, and decisions
regarding surgery and its timing are therefore dependent
on the severity of regurgitation, RV function, the dimen-
sions of the tricuspid annulus and clinical manifestations, as
well as the presence of pulmonary hypertension and atrial
fibrillation.®

Case report

We present the case of a 74-year-old woman with a history
of hypertensive heart disease with preserved global systolic
function, dyslipidemia and permanent atrial fibrillation,
anticoagulated with rivaroxaban and also taking amlodip-
ine and bisoprolol. She had a DDDR pacemaker implanted in
2005 due to symptomatic complete atrioventricular block,
with no reported complications since placement, and was
followed regularly at the cardiology department. She under-
went a transthoracic echocardiogram in 2009 which showed
evidence of fibrocalcific mitral valve disease with mild mitral
regurgitation and no other significant findings.
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Figure 1
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(A) Two-dimensional (left) and three-dimensional (3D) (right) apical 4-CHamber (4-CH) views showing pacemaker lead

interference in the septal leaflet with tricuspid regurgitation; (B) 3D view from the right ventricle (RV) showing absence of coaptation
of the valve leaflets and severe regurgitation with leads in situ; (C) 3D view from the RV revealing two pacemaker leads through

the tricuspid valve with moderate regurgitation.!

In 2011, the patient developed fatigue on moderate
exertion and abdominal discomfort, without dyspnea or
orthopnea. Laboratory testing revealed worsening hepatic
cholestasis, prompting referral for gastroenterology and
internal medicine consultations. The cholestasis was ini-
tially attributed to the use of calcium channel blockers,
which were discontinued, without improvement. In 2012,
a new episode of symptomatic complete atrioventricular
block due to battery depletion was observed, and the pace-
maker generator was replaced without manipulating the
existing leads. At this time, the patient underwent a repeat
echocardiogram which revealed septal dyskinesia secondary
to pacing, and moderate tricuspid regurgitation with mild
pulmonary hypertension. The pacemaker lead was visualized
in the right chambers. Twenty-four-hour Holter monitor-
ing performed in 2013 confirmed that sensing function was
maintained with predominantly pacing rhythm (93% of the
recording). The patient continued to experience progres-
sive worsening of generalized fatigue and weakness, with
the onset of ascites, abdominal pain and insidious weight
loss, accompanied by lower limb edema, with no evidence
of fever or dyspnea, and she sought medical advice again in
2015.

Etiological investigation at this time included abdomi-
nal ultrasound, which revealed homogeneous hepatomegaly
and dilatation of the inferior vena cava and upper hepatic
veins, suggestive of congestive hepatopathy, while echocar-
diography showed severe tricuspid regurgitation (proximal
isovelocity surface area radius >12mm), which had wors-
ened compared with serial exams performed over the
previous four years, with RV dilatation and dysfunction (tri-
cuspid annular plane systolic excursion [TAPSE] 13 mm).
There was no significant pulmonary hypertension and left
ventricular function was still preserved. The transthoracic
echocardiogram was therefore repeated, revealing a b-
shaped left ventricle with marked dilatation of the tricuspid
valve annulus, and also valve thickening, without coapta-
tion of the tricuspid leaflets due to the flail septal leaflet.
This appeared to be caused by the tension exerted by the
RV pacemaker lead, which formed a loop over the interatrial
septum, causing severe TR (regurgitant orifice area of 15 mm
with flow characterized as ‘‘unmeasurable’’) (Videos S1 and
S2 show preoperative three-dimensional, two-dimensional
and color Doppler transthoracic echocardiographic images
of mechanical interference of the pacemaker lead in the
tricuspid valve with severe regurgitation).
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Given the patient’s poor prognosis, we opted for mini-
mally invasive surgery via a right thoracotomy. Perforation of
the tricuspid septal valve leaflet by the pacemaker lead was
confirmed intraoperatively. The lead was removed and repo-
sitioned by the anteroseptal commissure of the tricuspid
valve, followed by partial resection of the leaflet and closure
of the orifice with 4-0 polypropylene sutures and place-
ment of a 32 mm Carpentier-Edwards ring. No complications
arose during the procedure. However, in the postoperative
phase, due to sporadic capture failure requiring progres-
sive increases in the sensing threshold to unacceptable
values, and given that the patient was completely RV pacing-
dependent, it was decided to upgrade the DDDR pacemaker
to a cardiac resynchronization therapy pacemaker, placing
the left ventricular lead anterior to the coronary sinus.

The patient’s postoperative course was favorable with
regression of clinical symptoms of congestion and increased
tolerance of moderate and strenuous exertion. Echocardio-
graphic follow-up revealed no evidence of stenosis in the
prosthetic tricuspid ring and the tension previously exerted
by the lead was not observed. TR was recorded as mild (vena
contracta 5mm) and the right chambers were also only
slightly dilated (TAPSE 16 mm), with moderate pulmonary
hypertension (pulmonary artery systolic pressure 40 mmHg).
Videos S3 and S4 show postoperative two-dimensional and
color Doppler transthoracic echocardiography revealing
mild TR.

The patient was followed regularly at the cardiology
department, remaining clinically stable and reporting no
symptoms that affected her quality of life.

However, six months after the procedure she suffered a
vertebrobasilar ischemic stroke with extensive hemorrhagic
transformation, and deteriorated and died during hospital-
ization.

Discussion

Although mild TR is detected in 80-90%’ of healthy
individuals on echocardiography and is normally benign,
hemodynamically significant regurgitation can cause debil-
itating symptoms and is associated with poor prognosis
in many cardiovascular diseases. It is therefore impor-
tant to understand its pathophysiology and to assess its
severity, and patients need to be referred in a timely
manner to prevent clinical deterioration and associated
complications.

TR following endocardial lead placement or removal of
a pacemaker or implantable cardioverter-defibrillator is a
known complication of these procedures. Data relating to its
prevalence are conflicting and the reported incidence ranges
from 7% to 39%.° The mechanisms involved include mechan-
ical interference of the leads in leaflet closure (through
leaflet perforation, adherence to the valve or entanglement
in the subvalvular apparatus), as well as pacing-induced
RV dyssynchrony, leading to valve dysfunction and hence
regurgitation.’® In an autopsy study of 26 patients with pace-
makers, Sakai et al. reported mechanical interference in the
valve leaflets in 42% of cases'® (Figure 1).

The time taken for TR to develop and progress follow-
ing placement of pacemaker leads has not been studied in
depth. Pathological studies have shown significant cardiac

inflammation days after placement.'? Progressive inflamma-
tion over weeks and months can lead to the formation of
fibrous tissue around the leads, resulting in strong adherence
to various parts of the tricuspid valve apparatus, and lead-
ing to regurgitation. Prompt detection of this complication is
paramount as it can only be resolved by early lead replace-
ment, a procedure that can be difficult, if not impossible,
to perform at an advanced stage.

According to the European Society of Cardiology guide-
lines on valvular heart disease, surgery is indicated in
patients with severe tricuspid regurgitation undergoing
left-sided valve intervention (class of recommendation I,
level of evidence C) and should be considered in mild or
moderate regurgitation with significant tricuspid annulus
dilatation (=40 mm or >21mm/m?) (class lla, level C). Iso-
lated tricuspid valve surgery should however be considered
in symptomatic patients with severe regurgitation and RV
dysfunction (class lla, level C). Ring annuloplasty is key
to surgery for secondary TR. In the presence of transtri-
cuspid pacemaker leads, the technique used should be
adapted to the patient’s condition and the surgeon’s expe-
rience.

In the case presented, given the patient’s severe TR with
significant annulus dilatation and severe right-sided heart
dysfunction, surgery to remove the pacemaker lead and
annuloplasty were required. Assuming that the lead could
be repositioned in the right ventricle under direct visu-
alization, thereby resolving the regurgitation, we did not
opt for epicardial pacing as this would have involved tun-
neling the lead to a pectoral position, with increased risk
of fracture. As it was not known whether coronary sinus
catheterization would be possible, left pacing using this
method was not initially considered as the first option. The
presence of pulmonary hypertension in this patient, with no
left-sided valve disease and with good left ventricular sys-
tolic function, remains unexplained, although the fact that
it worsened was likely a consequence of two consecutive
cardiac procedures.

Ten-year postoperative survival in tricuspid valve repair
is 30-50%. Major predictive factors are preoperative func-
tional class, right and left ventricular function, and
prosthetic complications.” In this case, there was a four-
year interval between the onset of the first symptoms and
diagnosis, which allowed the disease to progress, lead-
ing to the development of RV dilatation and dysfunction
and significant constitutional symptoms. Despite this, the
postoperative outcome was satisfactory, the patient having
regained good functional status and autonomy.

In summary, this case illustrates the risk of severe
and potentially irreversible complications arising from rou-
tine procedures. The non-specific nature of the symptoms
highlights the importance of maintaining a high index of sus-
picion with regard to this rare complication. Regular clinical
follow-up and serial echocardiography are required to assess
its impact.
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Appendix A. Supplementary data

Supplementary material related to this article can be
found in the online version at doi:https://doi.org/10.1016/
j.repc.2018.01.014.

References

1. Mascherbauer J, Maurer G. The forgotten valve: lessons to be
learned in tricuspid regurgitation. Eur Heart J. 2010;31:2841-3.

2. Singh JP, Evans JC, Levy D, et al. Prevalence and clinical
determinants of mitral, tricuspid, and aortic regurgitation (the
Framingham Heart Study). Am J Cardiol. 1999;83:897-902.

3. Boyaci A, Gokce V, Topaloglu S, et al. Outcome of signifi-
cant functional tricuspid regurgitation late after mitral valve
replacement for predominant rheumatic mitral stenosis. Angi-
ology. 2007;58:336-42.

4. Mutlak D, Lessick J, Reisner SA, et al. Echocardiography-based
spectrum of severe tricuspid regurgitation: the frequency of
apparently idiopathic tricuspid regurgitation. J Am Soc Echocar-
diogr. 2007;20:405-8.

5. Izumi C, Iga K, Konishi T. Progression of isolated tricuspid regur-
gitation late after mitral valve surgery for rheumatic mitral
valve disease. J Heart Valve Dis. 2002;11:353-6.

6.

Fukuda S, Gillinov AM, McCarthy PM, et al. Determinants of
recurrent or residual functional tricuspid regurgitation after
tricuspid annuloplasty. Circulation. 2006;114:582-7.

. Messika-Zeitoun D, Thomson H, Bellamy M, et al. Medical

and surgical outcome of tricuspid regurgitation caused by flail
leaflets. J Thorac Cardiovasc Surg. 2004.

. Rankin J, Hammill B, Ferguson T, et al. Determinants of oper-

ative mortality in valvular heart surgery. J Thorac Cardiovasc
Surg. 2006;131:547-57.

. Vaturi M, Kusniec J, Shapira Y, et al. Right ventricular pac-

ing increases tricuspid regurgitation grade regardless of the
mechanical interference to the valve by the electrode. Eur J
Echocardiogr. 2010;11:550-3.

. Sakai M, Ohkawa S, Ueda K, et al. Tricuspid regurgi-

tation induced by transvenous right ventricular pacing:
echocardiographic and pathological observations. J Cardiol.
1987;17:311-20.

. Lang RM, Goldstein SA, Kronzon I, et al. ASE’s Comprehensive

Echocardiography. 2" edition; 2016.

. Becker AE, Becker MJ, Claudon DG, et al. Surface thrombosis

and fibrous encapsulation of intravenous pacemaker catheter
electrode. Circulation. 1972;46:409-12.

. McCarthy PM, Bhudia SK, Rajeswaran J, et al. Tricuspid valve

repair: durability and risk factors for failure. J Thorac Cardio-
vasc Surg. 2004.


https://doi.org/10.1016/j.repc.2018.01.014
https://doi.org/10.1016/j.repc.2018.01.014
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0005
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0010
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0015
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0020
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0025
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0030
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0035
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0040
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0045
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0050
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0055
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0060
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065
http://refhub.elsevier.com/S2174-2049(19)30244-2/sbref0065

	Pacemaker lead as an iatrogenic cause of right heart failure: Case report
	Introduction
	Case report
	Discussion
	Conflicts of interest
	Appendix A Supplementary data
	References


