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Rare disease

Following transvenous lead extraction (TLE) for infective endocarditis, a fibrinous remnant, or “ghost”, that pre-
viously encapsulated the lead may remain. The main aim of this case report was to highlight the importance
of identification of ghosts, their negative implications, and the importance of close monitoring.

A 72-year-old male with a history of heart failure with non-ischemic cardiomyopathy and remote cardiac resyn-
chronization therapy defibrillator (CRT-D) placement as well as atrioventricular node ablation for atrial fibrilla-
tion presented following a mechanical fall. An initial evaluation revealed methicillin-resistant Staphylococcus
aureus bacteremia; the suspected nidus was an indwelling chemotherapy port for non-Hodgkin’s lymphoma.
Echocardiography demonstrated vegetations on the aortic and mitral valves, and the right atrial device lead
concerning for infective endocarditis. After TLE, a temporary transvenous wire was placed. Definitive pacing
was then achieved by a Micra leadless pacemaker (LP). We opted with LP technology via the Micra device with
plan for subcutaneous implantable cardioverter defibrillator (SICD) implantation to mitigate the risk of infec-
tion recurrence. After completion of 6 weeks of antibiotics, a pre-SICD transesophageal echocardiogram identi-
fied a 1.3 cm mobile echo-dense “ghost” in the right atrium. SICD was implanted as planned. Following expert
consensus, no specific therapy was implemented when the ghost was identified. At 3 months, echocardiogra-
phy revealed the absence of the ghost. At 1-year follow-up, no infection recurrence was noted.

The presence of ghosts after transvenous lead extraction is associated with poor outcome and infection re-
currence thus requiring diligent monitoring and serial echocardiography as optimal management is yet to be
defined.

Defibrillators, Implantable ¢ Endocarditis, Bacterial ¢ Pacemaker, Artificial
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Background

Infective endocarditis is associated with substantial morbid-
ity and mortality and is a class 1 indication for removal of all
intra-cardiac hardware [1]. Following a transvenous lead ex-
traction (TLE), there may be a persistent remnant or sheath
that encapsulated the previous lead referred to as a “ghost”.
A ghost is defined as a mobile mass left behind after TLE that
often follows the lead’s intracardiac route into the right cardi-
ac cavities [2]. While initially considered to represent fibrous
sheaths, they may also be infectious vegetations and such dis-
tinction in clinical practice poses challenges. To this end, posi-
tron emission tomography/computed tomography (PET-CT) and
single photon emission computed tomography with conven-
tional tomography (SPECT-CT) with radioisotope-labeled leu-
kocytes have been shown to reliably confirm or exclude infec-
tion in lead-dependent infective endocarditis and thus could
be extrapolated to evaluate ghosts [2,3]. Ghosts are observed
in 8% to 14% of patients that undergo TLE and remain a nov-
el entity lacking any specific guidelines for detection or man-
agement [4]. We aim to alert the clinician about this novel
complication and its important clinical significance as it por-
tends poor outcomes.

Case Report

A 72-year-old Caucasian male presented from his nursing home
to another facility following a mechanical fall. Patient had 2 re-
cent Emergency Department evaluations for generalized weak-
ness and cough without an identified etiology. On arrival, he
was hemodynamically stable (blood pressure 105/70 mmHg)
and exhibited perianal and genital excoriations with associ-
ated suprapubic swelling and generalized weakness on physi-
cal examination. The patient’s medical history included chron-
ic non-ischemic heart failure with reduced ejection fraction
(NYHA class I, AHA class C), ventricular tachycardia, remote
cardiac resynchronization therapy defibrillator (CRT-D), atrio-
ventricular node ablation for drug-refractory atrial fibrillation
on Xarelto, chronic kidney disease (stage Illa), and remote em-
bolic stroke. His left ventricular ejection fraction (LVEF) was re-
ported to improve after CRT-D implantation to 55% to 60% but
was reduced to 25% 1-year prior to presentation. The patient
also had non-Hodgkin’s lymphoma in remission and was pre-
viously treated via a right sided tunneled catheter that placed
4 years ago. An initial evaluation of non-specific generalized
weakness revealed methicillin-resistant Staphylococcus aureus
(MRSA) bacteremia. Transesophageal echocardiography dem-
onstrated multiple vegetations on the aortic and mitral valves,
and the right atrial device lead. After he was diagnosed with
definite infective endocarditis per the modified Duke criteria
(2 major criteria), he was transferred to our facility for TLE.
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Figure 1. Leadless pacemaker. Micra leadless pacemaker
(Medtronic Inc., Minneapolis, MN, USA) positioned in
the right ventricular apex.

He initially completed removal of his indwelling right subcla-
vian port, the suspected infectious nidus, and subsequently
completed a full cardiac device system extraction. The patient
was dependent upon pacing following his atrioventricular
node ablation and was bridged with a temporary transvenous
wire until blood cultures demonstrated no residual bactere-
mia. A Micra LP (Medtronic Inc., Minneapolis, MN, USA) was
then implanted into the apical septal region of the right ven-
tricle (QRS duration 200 ms) and the temporary wire was re-
moved (Figure 1). A peripherally inserted central catheter was
placed for long-term intravenous antibiotics (vancomycin 1.5 g
intravenous daily for 6 weeks) and he was subsequently dis-
charged. Seven weeks later, he underwent a planned subcu-
taneous implantable cardioverter defibrillator (SICD) implan-
tation (Defib Sub-Q A219 Emblem MRI Guidant CR). Prior to
SICD implantation, a transesophageal echocardiogram was
performed to re-evaluate the vegetations and a 1.3 cm tubu-
lar and mobile echo-dense ghost was seen in the right atri-
um (Figure 2, Video 1). He was subsequently discharged with-
out any change in management or further intervention. Three
months after SICD placement, the patient presented with in-
appropriate shock due to lead displacement and underwent
lead revision. During that admission, a transthoracic echocar-
diogram did not show any remnant of the ghost or valvular
vegetations. One year after ghost identification, the patient
has had no recurrence of infection.
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Discussion

First reported in 2008 by Rizello et al., a ghost remains a novel
entity posing challenging clinical questions. Ghost pathogen-
esis stems from our understanding of the intrinsic encapsula-
tion process that cardiac leads undergo. The 2 main sequen-
tial mechanisms are thrombosis with subsequent collagenous
fibrosis [5] and endothelialization of the fibrous capsule sur-
rounding the lead [6]. Such encapsulation prevents lead mi-
gration and subsequent thrombus formation. When indicated
for lead malfunction, wire fractures, insulation damage, and
lead migration, TLE rarely results in residual ghost. However,
ghosts are readily identified after TLE when indicated for in-
fection [4,7]. Infected leads are found to be more easily ex-
tracted than noninfected leads [8]; interestingly, the infectious
process is suspected to break the seal between collagenous ad-
hesions, endocardial surfaces, and the lead itself. Histologically,
ghosts consist of infected fibrous sheaths mixed with vege-
tation [7]. Thus, infection has emerged as a major driver of
ghost pathogenesis, yet the presence of ghosts is not a crite-
rion for the diagnosis of infective endocarditis. Further stud-
ies are warranted to evaluate the need for interval monitoring
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Figure 2. Transesophageal echocardiogram reveals ghost.
(A, C) Transesophageal echocardiography shows a
1.3 cm tubular mobile echo-dense remnant in the
right atrium. (B) 3-dimensional transesophageal
echocardiography image of the right atrium with
2-dimensional biplane revealing the “ghost.”
RA —right atrium; LA — left atrium.

Video 1. Transesophageal echocardiogram reveals the “ghost” as
a mobile echo-dense mass in the right atrium.

with blood cultures and/or echocardiography after encounter-
ing a ghost. Insight into ghost pathogenesis has made signifi-
cant strides while questions remain regarding therapeutic and
prognostic implications.

In our case, the ghost was found after a 6-week course of
antibiotic therapy for infective endocarditis. It remains un-
clear if that implies active infectivity obliging the prolonga-
tion of the antibiotic course. According to expert consensus,
“no specific therapy is indicated for patients with [ghosts]” [9].
However, emerging evidence suggests that ghosts are harbin-
gers of poor outcomes. Narducci et al,, in an 11-month-long
prospective study, reported that patients with ghosts have a
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3.4-fold higher all-cause mortality compared to patients with-
out ghosts [4]. It was postulated that the independent associ-
ation of ghosts with death reflected the fact that they repre-
sent a marker of a constellation of high-risk features (older age,
endocarditis, co-morbidities) [4]. A prospective evaluation by
Diemberger et al. demonstrated that ghosts are not only asso-
ciated with death but are also associated with cardiac device-
related infective endocarditis (CDRIE) relapse/recurrence (haz-
ard ratio [HR] 4.594; P=0.046) [10]. Nonetheless, the presence
of ghosts appears to identify a sicker population who may be
at higher risk of death; for such patients, careful monitoring,
closer follow-up, and prompt tailored therapies are warrant-
ed to prevent worsening or complications.

Traditionally, transesophageal echocardiography has been
the cornerstone in the diagnosis of infective endocarditis.
Intracardiac echocardiography is a relatively recent addition
and has been shown to increase diagnostic accuracy when
transesophageal echocardiography is inconclusive for infec-
tive endocarditis. A prospective study evaluating patients
with suspected cardiac device infection found that intracar-
diac echocardiography performed better than transesopha-
geal echocardiography in identifying intracardiac vegetations,
specifically identifying vegetations not seen by transesopha-
geal echocardiography in 15% of patients with possible in-
fective endocarditis [11]. With its superior ability to evaluate
right-sided cardiac structures, intracardiac echocardiography
is already proven useful in ghost detection intra-procedurally
during TLE and may play an important role in constructing
guidelines for ghost management [4]. Whilst specific diagnos-
tic guidelines remain unknown, the utility of advanced imag-
ing such as PET-C and SPET-C shows promise in patients with
CDRIE. PET-C, and more so, SPET-C have shown high sensitivi-
ties (65% and 73.7%, respectively) and specificities (88% and
81%, respectively) for the diagnosis CDRIE [2,3]. This can be
extrapolated to the diagnostic workup of ghosts when deter-
mining whether infection is present.

Current therapeutics dictate that, with infective endocarditis
and pacemaker dependence, the use of temporary transve-
nous pacing, leadless pacing, or epicardial pacing are required.
In our case, we elected to place an LP device for permanent
pacing (Micra; Medtronic Inc., Minneapolis, MN, USA). This
puts in question the safety and feasibility of placing an LP in
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the setting of infective endocarditis and/or a potentially in-
fective residual ghost. In one study following post-CDRIE LP
implantation, no recurrence of device infections was report-
ed during a mean follow-up of 16 months with a maximum of
45 months [12]. Early LP implantation thus looks to be a vi-
able non-surgical therapy independent of ongoing infection.
Another feasible solution is epicardial pacemaker implanta-
tion utilizing a minimally invasive subxiphoid approach [13].
With its single-procedure approach, epicardial pacemaker im-
plantation has been shown to be associated with shorter hos-
pital stay without an increased risk of late infection or differ-
ence in mortality or morbidity in comparison to transvenous
pacing [14]. Prospective randomized data on LP therapy and
epicardial pacemakers in CDRIE and uniquely, as in this case,
the subset of patients with ghosts are required to further val-
idate these approaches.

Conclusions

While single-center prospective studies eluded to ghosts’ as-
sociation with poor outcomes, large prospective multi-center
studies are warranted to establish prognosis and the best man-
agement options when encountering a ghost. Pertinent ques-
tions yet to be answered concerning predisposing risk factors
(diabetes, rheumatologic diseases, or autoimmune disorders)
for ghost development, the role of serial imaging, and the role
appropriate duration of antibiotic therapy. Further description
of the role of ghosts toward clinical outcomes may avert their
residual risk as a large body of evidence confirms that ghosts
are to be feared rather than ignored.
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