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Abstract

Since the establishment of highly active antiretroviral therapy, survival rates have improved among patients with human
immunodeficiency virus infection giving them the possibility to become transplant candidates. Recent publications revealed
that human immunodeficiency virus-positive heart transplant recipients’ survival is similar to non-infected patients. We
present the case of a 40-year-old human immunodeficiency virus infected patient, who was hospitalized due to severely de-
creased left ventricular function with a possible aetiology of acute myocarditis, that has later been confirmed by histological
investigation of myocardial biopsy. Due to rapid progression to refractory cardiogenic shock, extracorporeal membrane oxy-
genation implantation had been initiated, which was upgraded to biventricular assist device later. On the 35th day of upgraded
support, the patient underwent heart transplantation uneventfully. Our clinical experience confirms that implementation of
temporary mechanical circulatory support and subsequent cardiac transplantation might be successful in human immunode-
ficiency virus-positive patients even in case of new onset, irreversible acute heart failure.
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Introduction

Since the establishment of highly active antiretroviral therapy
(HAART), survival rates have improved among patients with
human immunodeficiency virus (HIV) infection with a parallel
decrease in the incidence of acquired immunodeficiency syn-
drome, turning HIV infection into a chronic disease.1,2 Nowa-
days, HIV-positive patients’ life expectancy mostly depends
on chronic organ dysfunctions, including chronic hepatic, re-
nal and pulmonary disorders, or cardiomyopathy.3 The risk
of cardiovascular disease and the prevalence of chronic heart

failure are significantly higher in HIV-positive patients as com-
pared with non-HIV-infected patients.3–5 HIV infection had
been a contraindication for solid organ transplantation until
recently, due to concern about the interference of the immu-
nosuppression therapy, viral load, and immune status.4,6,7

The findings of three recent publications confirmed that
HIV-positive heart transplant recipients’ survival is compara-
ble with non-HIV-infected patients.8–10 Furthermore, the oc-
currences of acute rejection, chronic allograft vasculopathy,
infection, and malignancy after heart transplantation (HTx)
in HIV-positive patients are also similar to general patient
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population.10 Correspondingly, based on the listing criteria of
the updated consensus guidelines generated by the Interna-
tional Society of Heart and Lung Transplantation (ISHLT),
HIV infection is not considered an absolute contraindication
for HTx anymore.11 Even though, there are only a few trans-
plant centres performing HTx in HIV-positive patients.6

Case report

We present a case report of a 40-year-old male patient with
well-controlled HIV infection in previous medical history. He
was diagnosed with HIV infection in 2012, when he had cyto-
megalovirus infection. In the same year, he underwent oppor-
tunistic infections including perianal fistula and pneumonia
leading to septic shock. Since then, HAART had been started
including darunavir/cobicistat and INN-etravirine. HIV viral
load was undetectable, and CD4+ count was greater than
200 cells per microlitre for several years.

At present, the patient was first hospitalized by a
district hospital due to new onset, worsening dyspnoea. The
clinical examinations confirmed severely decreased left ven-
tricular function [ejection fraction (EF): 20%, cardiac index:

1.37 L/min/m2] and a negative coronary angiography with a
possible aetiology of acute viral myocarditis. Despite of 5 days
of combined inotropic support, patient developed refractory
cardiogenic shock; therefore, he was referred for mechanical
circulatory support (MCS) implantation and transferred to
our tertiary centre. On admission to the intensive care unit,
the patient’s clinical parameters were as follows: left ventric-
ular EF: 14%, APACHE II score: 9 points, SOFA score: 8 points.
The patient went for urgent central venoarterial extracorpo-
real membrane oxygenation (VA-ECMO) implantation. Intra-
operative myocardial biopsy confirmed the diagnosis of
subacute active lymphocytic myocarditis, which was consid-
ered to be independent of HIV infection, according to the un-
detectable viral load for many years. Eosinophil granulocytes,
giant cells or granulomatous inflammation were excluded.
Over the first four postoperative days, the patient stabilized
on VA-ECMO support of median of 3.5 (3.4, 3.9) L/min, his va-
sopressor requirement decreased. On the 2nd postoperative
day, the patient has been extubated uneventfully; however,
2 days later, he required an urgent reintubation due to bleed-
ing from the respiratory tract. Laboratory tests showed
thrombocytopenia (lowest platelet count: 64 g/L), and the ro-
tational thromboelastometry (ROTEM) revealed pronounced
substrate deficiency and prolonged clotting time (Figure 1).

Figure 1 Rotational thromboelastometry test performed at the time of the first respiratory tract bleeding on venoarterial extracorporeal membrane
oxygenation support. A5, amplitude 5 min after CT; A10, amplitude 10 min after CT; A20, amplitude 20 min after CT; A30, amplitude 30 min after CT;
CFT, clot formation time; CT, clotting time.
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Excluding any improvement or recovery in patient’s car-
diac function, the multidisciplinary team decided to up-
grade VA-ECMO system to paracorporeal biventricular
assist device (BiVAD), which was performed 7 days after
the VA-ECMO implantation. The patient’s general condition
showed slow stabilization while being on BiVAD support.
Based on echocardiography results, both the left and right
ventricular functions remained severely deteriorated. Over
the first 2 weeks after BiVAD implantation, several bleeding
episodes occurred from the respiratory tract and from the

exit points of the BiVAD cannulas, which were first consid-
ered the consequence of the persistent thrombocytopenia.
Interestingly, ROTEM follow-up tests showed hypercoagula-
ble state (Figure 2).

To clarify the developed complex coagulopathy, additional
haematological examinations have been performed, which
confirmed secondary thrombotic microangiopathy (TMA).
The ADAMTS13 activity had been severely decreased; the ac-
tivity of both classical and alternative complement pathways
had been markedly reduced (Table 1). According to these

Figure 2 Rotational thromboelastometry test during bleeding from the respiratory tract and from the exit points of the biventricular assist device
cannulas. A5, amplitude 5 min after CT; A10, amplitude 10 min after CT; A20, amplitude 20 min after CT; A30, amplitude 30 min after CT; CFT, clot
formation time; CT, clotting time.

Table 1 Follow-up parameters of secondary thrombotic microangiopathy

Parameter (reference range)

Postoperative day

5 11 19 32

ADAMTS13 activity (67–137%) 30 29 61 31
Total complement activity (48–103 CH50/mL) 93 26 103 129
Alternative pathway activity (70–130%) 64 52 89 107
Complement 3 (0.9–1.8 g/L) 1.29 1.22 1.66 1.78
Complement 4 (0.15–0.55 g/L) 0.20 0.19 0.26 0.36
Terminal pathway activation marker SC5b-9 (110–252 ng/mL) 335 473 261 225
Haptoglobin (0.3–2.0 g/L) 0.04 2.56 N/A N/A
Platelet (150–400 G/L) 85 147 196 139
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results, we supposed that the cause of TMA was an
MCS-associated immune modulation combined with a con-
sumptive coagulopathy leading to global over-activation of
the complement system. With the aim to control severe
TMA, patient received regular fresh frozen plasma transfu-
sions, which resulted in recovery of the TMA after 1 week
(Table 1).

On the 21st day of BiVAD support, the patient developed a
spontaneous progressive right side haemothorax, which
compromised his haemodynamics and led to transient hae-
matological disturbance. Patient was referred for urgent
cardiothoracic discussion and went for emergency right-side
thoracotomy. The operation revealed an unspecific bleeding
source from the pericardial region of the visceral pleura,
which was presumed to be associated to BiVAD support. Tak-
ing into account the patient’s stable general condition
(including intact cognitive status, minimal invasive mechani-
cal ventilation support, well-preserved extracardiac organ
functions, undetectable HIV viral load with an absolute
CD4+ of 244 cells per microlitre), the absence of recovery in
cardiac function and the high risk for the recurrence of life-
threatening bleeding and/or thromboembolic complications,
the multidisciplinary team decided to refer the patient for
Eurotransplant high urgent status. On the 33rd day of BiVAD

support, the patient was accepted to Eurotransplant high ur-
gent waiting list. Two days later, he underwent heart trans-
plantation (HTx) uneventfully. The histological investigation
of the explanted heart also confirmed the diagnosis of active
lymphocytic myocarditis. In places, granulation tissue and re-
placement fibrosis were identifiable as chronic signs. After
the HTx, he tolerated an extended mobilization and a
weaning programme on mechanical ventilation, which was
completed on the 9th post-transplant day. Two days later,
the patient was emitted to the transplant cardiology ward.
The maintenance immunosuppressive regimen consisted of
tacrolimus, mycophenolate mofetil, and methylprednisolone.
Despite applying very low doses of tacrolimus, the trough
drug levels were over the therapeutic range in the subse-
quent series (Figure 3). As tacrolimus is metabolized by
the CYP3A enzymes, the patient’s CYP3A status was deter-
mined, that resulted in intermediate CYP3A4 expression
(1.48 × 10�6), which did not explain the extremely high tacro-
limus blood concentrations. As cobicistat is a CYP3A enzyme
inhibitor, we decided to switch darunavir/cobicistat to
emtricitabine/tenofovir alafenamide/bictegravir. This change
resulted in significant response in drug metabolism leading
to subtherapeutic trough tacrolimus levels within few days
(Figure 3). Withdrawal of darunavir/cobicistat induced an

Figure 3 Tacrolimus trough drug levels and its applied doses during the post-transplant period. The blue spotted line represents the daily applied ta-
crolimus dose (mg); the green bars represent tacrolimus trough levels (ng/mL). The red arrows display highly active antiretroviral therapy applied in
the perioperative period. HAART, highly active antiretroviral therapy; TAC, tacrolimus.
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approximately seven-fold increase in CYP3A4 expression
(9.87 × 10�6), according to the follow-up CYP3A4 expression
measurement.

The third routine endomyocardial biopsy on post-
transplant Day 26 revealed moderate acute cellular
rejection (ISHLT Grade 2R) that recovered with steroid shot
therapy. Echocardiography proved excellent graft function
during the follow-up period. The patient was discharged
home in medically well condition 6 weeks after HTx. At that
time, the patient’s HIV infection was well controlled with un-
detectable viral load and absolute CD4+ of 270 cells per cubic
millimetre. Four months after HTx, the patient is stable with
outstanding general condition, excellent graft function,
and without developing any post-transplant opportunistic
infections.

Discussion

Mechanical circulatory support implantation and performing
HTx in HIV-infected patients is exceptionally rare, despite
the fact that prevalence of chronic heart failure is signifi-
cantly higher in this patient group than in non-HIV-infected
subjects.3–5 The main challenges of the post-transplant care
are to prevent drug–drug interactions and HIV reactivation
by immunosuppressants.6 Bontempo et al. reported the first
case of HTx in a HIV-positive patient performed in the USA
in 1988.12 The first European report was published in
2011.13 Several subsequent studies have highlighted that
post-transplant survival rates among patients with
well-controlled HIV infection and stable chronic heart
failure are the same as compared with general patient
population.8–10 Despite these encouraging data, less than
80 HIV-infected patients went through cardiac transplanta-
tion until the end of the year 2019.14 To the best of our
knowledge, there have been only a few case reports regard-
ing VA-ECMO implantation in HIV-infected patients. In one
of these cases, ECMO was upgraded to long-term LVAD,
and the patient underwent successful HTx later.15 Another re-
cent publication described heart-lung transplantation bridged

by VA-ECMO in an HIV-positive patient.16 In comparison, ex-
periences of VV-ECMO implementation among HIV-infected
patients with respiratory failure are already more relevant.
Favourable outcomes on the widespread use of VV-ECMO
were published by Brogan et al. and Capatos et al. according
to the results of their multicentre-based analysis and an ob-
servational study, respectively.17,18 Moreover, the first case
of HTx bridged by BiVAD support in an HIV-positive patient
suffering from acute heart failure was reported by Peters
et al. most recently.19 Our clinical experience demonstrates
that bridge-to-transplant implementation of temporary MCS
and performing acute HTx could be feasible and successful
in HIV-infected patients with convincing outcome, without
any major complications even in case of new onset, irrevers-
ible acute heart failure.
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