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Heart transplantation improves quality of life and survival in patients with advanced heart failure. However,
the shortage of available heart donors and technological advances for left ventricular assist devices (LVAD)
have led to longer waiting times for transplantation, and long-term use of LVAD may increase the medical
complexity of subsequent transplantation. We present the case of a 35-year-old man who underwent heart
transplantation after being supported by an LVAD for 1490 days (~4 years). He was sensitized with kidney
dysfunction and recurrent infections, including candidemia, at the time of transplantation. He underwent a
successful heart transplantation with pretransplant plasma exchange, intravenous immunoglobulin
administration, early initiation of everolimus, and prompt management of infections.
<Learning objective: With a growing number of heart transplant candidates who are supported by left
ventricular assist devices for long duration, managing such candidates is becoming increasingly complex
and difficult to standardize. The present case had three problems that were linked to each other: (1) anti-
HLA antibodies, (2) fungal infection, and (3) pre-transplantation renal dysfunction. Management of heart
transplant candidates, including desensitization and immunosuppressive therapies, should be tailored to
the individual and the clinical presentation to improve the survival and quality of life.>

© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Heart transplantation is an established therapy for advanced
heart failure patients [1]. However, the shortage of available organ
donors limits the number of transplantations performed. In Japan,
the waiting times for transplantation are increasing and exceeded
1000 days in 2015 as the number of advanced heart failure patients
on waiting lists increased, while the number of donor organs
remains relatively constant [2]. In addition, left ventricular assist
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devices (LVAD) are increasingly used as a bridge to transplantation
in over 90% of organ recipients [2].

As waiting times increase, transplant candidates on long-term
LVAD support are more likely to experience complications such as
aortic insufficiency, right ventricular failure, infection, bleeding,
kidney dysfunction, and device malfunction [3-5]. Furthermore, as
a result of LVAD implantation, transplant candidates may develop
circulating antibodies, which are associated with increased waiting
times and may lead to post-transplant rejection [6].

These complications have led to a growing number of
candidates with medical complexity at the time of transplanta-
tion, which significantly affects patient morbidity and mortality
post-transplantation. We managed a presensitized transplant
candidate with candidemia and kidney dysfunction who was
supported by an LVAD. With careful clinical decision-making and

1878-5409/© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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follow-up and the expertise of an infectious disease specialist and
histocompatibility laboratory, the patient underwent successful
heart transplantation.

Case report

A 31-year-old man with advanced heart failure due to dilated
cardiomyopathy was listed for heart transplantation. At the time of
listing, his serum creatinine was normal (creatinine 0.54 mg/dL),
and the panel reactive antibody (PRA) was negative (Class I: 0%,
Class II: 3%). He received an LVAD (EVAHEART, Sun Medical
Technology Research Corporation, Suwa, Nagano, Japan) as a
bridge to transplantation. Although the early postoperative course
was uneventful, he was hospitalized twice for driveline infection
during the first 2 years after LVAD implantation. Cultures from the

driveline site were positive for methicillin-resistant Staphylococcus
aureus (MRSA) in both episodes. Three years after implantation, he
was admitted to our hospital for fever and MRSA bacteremia. He
was administered intravenous vancomycin, then was switched to
linezolid because of repeated positive blood cultures for MRSA over
2 weeks. Three days after initiating linezolid, his blood culture was
negative. However, 4 weeks after admission, he developed acute
appendicitis requiring emergency appendectomy and transfusion
of multiple packed red blood cells and platelets for intra-
abdominal bleeding. Although annual PRA screening was negative,
one month later after blood transfusions his PRA class I and II
serum levels increased to 19% and 55%, respectively (Fig. 1). Despite
continued intravenous antibiotics and prolonged hospitalization,
repeat blood cultures demonstrated intermittent positive results
for MRSA. Gallium single-photon emission computed tomography-

Gallium single-photon emission computed tomography-computed tomography transaxial (A) and coronal (B) images show intense uptake (arrows) around the
left ventricular assist device.
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computed tomography (Ga-SPECT-CT) demonstrated tracer con-
centration uptake around the LVAD (Fig. 2), suggesting that the
LVAD was the source of the bacteremia, a phenomenon known as
ventricular assist device (VAD) endocarditis. He then developed
fever, and his blood culture was positive for Candida parapsilosis
with no evidence of an infection source other than the VAD. He was
treated with intravenous liposomal-amphotericin B (L-AMB) for
the VAD-related bloodstream infection. He did well, and subse-
quent blood cultures were negative. However, he developed kidney
dysfunction (transient maximum creatinine level: 1.96 mg/dL) and
neutropenia (719/L) due to adverse effects from the long-term
use of L-AMB as well as a systemic fungal infection, requiring
granulocyte-colony stimulating factor. After a 9-week course of L-
AMB followed by intravenous fosfluconazole, his serum creatinine
improved from 1.96 mg/dL (CCr: 32.7 mL/min) to 1.27 mg/dL (CCr:
52.5mL/min). However, he developed a fever again and was
restarted on intravenous L-AMB.

For 10 months after the appendectomy, his PRA class II
remained positive (Fig. 1), and he was administered 15¢g
intravenous immunoglobulin (IVIG) monthly. Finally, he under-
went heart transplantation after more than 4 years (1490 days) on
LVAD support.

Laboratory tests performed just before transplantation showed
a white blood cell count of 2440/.L, hemoglobin 0f 9.9 g/dL, serum
albumin of 3.3 g/dL, creatinine of 1.94 mg/dL, C-reactive protein of
0.26 mg/dL, PRA class I of 2.23%, and PRA class Il of 25.58%.
Subsequent testing for donor-specific antibody (DSA) was positive
(Class II: DR15).

Because the patient showed high PRA levels, we initiated pre-
transplant plasma exchanges to reduce antibody levels along with
pre- and post-transplant IVIG. After desensitization therapy, the
PRA class II decreased from 25.58% to 4.13%. He was also
administered basiliximab, facilitating delayed initiation of calci-
neurin inhibitor (CNI) for kidney dysfunction (Fig. 1).

As the C. parapsilosis blood cultures were positive pre-
transplantation, the patient was treated with L-AMB for the first
month after the procedure, then with fluconazole for the next
4 months without endophthalmitis. Additionally, broad-spectrum
antibiotics (teicoplanin, meropenem, and fosfomycin) were
administered for 6 weeks post-transplantation because of the
driveline site culture (MRSA and Pseudomonas aeruginosa) and
possible VAD endocarditis due to MRSA.

Post-transplantation biopsies showed neither signs of cellular
rejection nor antibody-mediated rejection (AMR). PRA levels
decreased and remained low postoperatively (PRA class I: 2.66%
and PRA class II: 4.13% at 3 weeks after transplantation). After
wound healing, we initiated everolimus and reduced the trough
levels of tacrolimus from the target level of 7-10 ng/mL to 4-7 ng/
mL. Left heart catheterization at 3 months post-transplantation
showed no evidence of cardiac allograft vasculopathy (CAV).

The patient was discharged 3 months post-transplantation; he
has remained healthy, without recurrent infections or rejections
during the 1-year follow-up.

Discussion

Our case illustrates the complexities, difficulties, and dilemmas
encountered during pre- and post-transplant management of
candidates on prolonged LVAD support.

The presence of circulating antibodies against HLA remains a
challenge for transplantation and is associated with AMR, then
CAV, and a less successful outcome [6]. Heart transplant candidates
who develop circulating antibodies against HLA have a reduced
chance of suitable donor matching and an increased risk of
postoperative AMR. Consequently, presensitized candidates spend
more time on the waiting list and are associated with poorer post-

transplantation outcomes [6]. Sensitization occurs from blood-
product transfusion, pregnancy, or infections [6,7]. Patients with
an LVAD have a greater risk of developing anti-HLA antibodies, and
subsequently AMR, than do those without an LVAD [6,7]. Therefore,
PRA should be checked regularly, especially in patients with an
LVAD, detectable circulating antibodies, or receiving blood
transfusions. Although management of sensitization is not yet
standardized, desensitization therapies may be considered in
patients with PRA levels >25%. For these sensitized patients,
desensitization therapy, including plasmapheresis, more effective
immunosuppressive regimens, and IVIG prior to transplant, are
believed to increase the frequency of suitable donor matching and
improve post-transplantation outcomes [6].

In the present case, dynamic changes occurred in the PRA levels.
After LVAD placement, transfusion, and infections, the PRA class I
and class II increased from 0% and 3% to 19.41% and 54.86%,
respectively. The patient was treated pre-transplant with plasma
exchanges and IVIG, which led to decreased PRA. Pre-transplant
desensitization therapy may contribute to negative cross-match-
ing as in this case. We introduced the mammalian target of
rapamycin (mTOR) inhibitor, everolimus, with early reduction of
tacrolimus after complete wound healing to improve the patient’s
kidney dysfunction. Arora et al. showed that conversion from a CNI
to an mTOR inhibitor-based regimen with reduced CNI therapy
significantly improved kidney function [8]. Furthermore, Asleh
et al. reported that early conversion to an mTOR inhibitor was
associated with fewer CAV-related events and lower mortality
compared with continued CNI use [9]. Patients showing kidney
dysfunction or a higher risk of CAV, such as those showing DSA,
should be considered for an mTOR inhibitor regimen as soon as
possible, unless they are at a high risk for wound complications.

Infection is the most common adverse occurrence 3 months
after LVAD implantation and contributes to the mortality of
patients on transplant waiting lists [4]. Koval et al. reported that
more drug-resistant pathogens are emerging, and relapse occurs
more often after treatment for driveline infections, especially
progressive infections [10].

Fungal VAD infections are difficult to cure and are associated
with high mortality rates, especially in terms of VAD-related blood
stream infections. In the present case, because LVAD removal was
the only viable treatment and the patient was still an acceptable
candidate, we performed transplantation with desensitization and
immunosuppressive strategies.

Finally, regarding renal dysfunction, the CCr worsened just
before heart transplantation; however, we did not withdraw the
patient from transplant eligibility. We considered that the renal
function was reversible because the CCr was >40mL/min at
1 month before heart transplantation. Further, we considered that
we could discontinue the antimicrobial agents causing the renal
impairment after removing the LVAD. The patient’s renal function
improved after the heart transplantation, with a creatinine level of
1.36 mg/dL (CCr: 47.4 mL/min).

With donor shortages and excessive waiting times for heart
transplants, the number of medically complicated cases due to
prolonged LVAD support is expected to increase. The decision to
receive a suitable donor for a “high-risk recipient” with a serious
infection, anti-HLA antibodies, or kidney dysfunction, should be
based on pre-transplant sensitization and the recipient’s clinical
status. For long-term LVAD-supported candidates, complex
decision-making processes and management will become in-
creasingly necessary to improve the survival and quality of life.
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