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Successful Orthotopic 
Heart Transplantation 
and Immunosuppressive 
Management
in 2 Human Immunodeficiency  
Virus–Seropositive Patients

Few orthotopic heart transplantations have been performed in patients infected with 
the human immunodeficiency virus since the first such case was reported in 2001. Since 
that time, advances in highly active antiretroviral therapy have resulted in potent and du-
rable suppression of the causative human immunodeficiency virus—accompanied by ro-
bust immune reconstitution, reversal of previous immunodeficiency, a marked decrease in 
opportunistic and other infections, and near-normal long-term survival. Although human 
immunodeficiency virus infection is not an absolute contraindication, few centers in the 
United States and Canada have performed heart transplantations in this patient popula-
tion; these patients have been de facto excluded from this procedure in North America.

Re-evaluation of the reasons for excluding these patients from cardiac transplantation 
is warranted in light of such significant advances in antiretroviral therapy. This case report 
documents successful orthotopic heart transplantation in 2 patients infected with human 
immunodeficiency virus, and we describe their antiretroviral therapy and immunosuppres-
sive management challenges. Both patients were doing well without sequelae 43 and 38 
months after transplantation. (Tex Heart Inst J 2016;43(1):69-74)

In 1984, the human immunodeficiency virus-1 (HIV) was first identified as the 
causative agent of acquired immune deficiency syndrome (AIDS). The first or-
thotopic heart transplantation (OHT) was performed in an HIV-seropositive(+) 

patient in 2001.1 Since that time, significant breakthroughs in the understanding of 
the pathophysiology of HIV have produced treatment regimens now known as highly 
active antiretroviral therapy (HAART). Current HAART regimens effectively sup-
press HIV replication for prolonged periods of time, thereby leading to near-normal life 
expectancy with ever-decreasing side effects and ever-increasing therapeutic simplicity.2

	 As a result of HAART, patients infected with HIV are living longer lives and are 
now presenting at the operating room for a wide variety of surgical procedures, includ-
ing cardiothoracic surgery.3,4 Patients infected with HIV may now appear as candi-
dates for kidney, liver, and heart transplantation. Although HIV infection is no longer 
considered an absolute contraindication to cardiac transplantation, the procedure is 
still rarely performed in this patient population. Kidney and liver transplantation5-11 
have been extensively studied and more frequently performed in HIV+ patients, yet 
the literature reports only 9 cases of heart transplantation (since 2003) in patients who 
were HIV+ at the time of transplant.1,12-16

	 This report describes the cases of 2 additional HIV-seropositive patients who suc-
cessfully underwent cardiac transplantation, together with the highly unusual chal-
lenges of HAART and of concomitant immunosuppressive therapy. Our Institutional 
Review Board approved these case reports, and the 2 patients gave their written per-
mission to publish.

Case Reports

	 Patient 1. A 65-year-old white man presented with a 10-year history of ischemic 
cardiomyopathy and coexisting morbidities notable for hyperlipidemia, hyperten-
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sion, diabetes mellitus, myocardial infarction (11 years 
earlier), ventricular tachycardia, and HIV infection (23 
years in duration). The patient had previously under-
gone percutaneous coronary interventions, followed by 
coronary artery bypass grafting. He had no history of 
cerebrovascular accident or hepatitis A, B, or C. His 
HAART medications are listed in Table I; additional 
medications included aldactone, aspirin, atorvastatin, 
sotalol, carvedilol, famotidine, f ish oil, furosemide, 
lisinopril, mexilitine, and warfarin.
	 Patient 2. A 66-year-old white man had a history 
of idiopathic dilated cardiomyopathy with New York 
Heart Association functional class IV symptoms. His 
medical history included hypertension, hyperlipid-
emia, 2 myocardial infarctions (17 and 7 years earlier), 
chronic kidney disease, and HIV infection (23 years in 
duration, consistent with Patient 1). The patient had 
no history of diabetes mellitus, peripheral vascular dis-
ease, or hepatitis A, B, or C, and he had quit smok-
ing 25 years before surgery. His medications included 
HAART (Table I), as well as calcitriol, clonazepam, 
digoxin, erythropoietin, fish oil, furosemide, gabapen-
tin, gemfibrozil, loratadine, magnesium oxide, omega-3 
fatty acids, and pravastatin.
	 Patient 2 had chronic kidney disease accompanied by 
anemia and thrombocytopenia. Therefore, HAART 
was initiated (in the following manner) during the 

preoperative period. He had been taking a single-pill, 
f ixed-dose, triple combination of abacavir, lamivudine, 
and zidovudine. Zidovudine was discontinued from his 
regimen to minimize bone marrow suppression and 
was replaced by raltegravir, a potent anti-HIV integrase 
inhibitor with minimal drug–drug interactions. With 
these modifications, his new HAART regimen—con-
sisting of raltegravir (400 mg 2×/d), abacavir (300 mg 
2×/d) and lamivudine (150 mg 2×/d)—was initiated, 
and it proved to be effective and well-tolerated dur-
ing the 6 weeks before transplantation. In order to 
minimize the pill burden, both abacavir and lamivu-
dine were dispensed in a combination tablet (abaca-
vir 600 mg/lamivudine 300 mg) by mouth, 1 tablet 
daily. The patient had been confirmed not to have the 
HLA-B*5701 allele, that excludes the risk of hyper-
sensitivity reactions to abacavir. Abacavir is primarily 
metabolized by hepatic glucuronyl transferase (36%) 
and alcohol dehydrogenase (30%), resulting in inactive 
metabolites which, along with the unchanged drug, 
are eliminated in the urine. Raltegravir is primarily 
metabolized by the UGT1A1 glucuronidation, and 
lamivudine is primarily eliminated by renal excretion. 
There were no significant drug–drug interactions with 
this modified antiretroviral therapy, and the manage-
ment of immunosuppressive therapy was facilitated 
with these changes.

TABLE I. Clinical Summary for Patients 1 and 2 at the Time of Orthotopic Heart Transplantation

Variable Patient 1 Patient 2

Age (yr) 65 66

Time from HIV infection (yr) 23 23

Cardiac diagnosis Ischemic cardiomyopathy Ischemic dilated cardiomyopathy

Centers for Disease Control HIV staging I (asymptomatic infection) I (asymptomatic infection)

AIDS-defining diagnosis at time of surgery No No

Previous AIDS-defining diagnosis No 22 yr prior

Cumulative exposure to anti-HIV retroviral 
agents and HAART (yr)

23 23

HAART regimen when evaluated for OHT Darunavir (PI), ritonavir (“booster PI”), 
emtricitabine (NRTI), and tenofovir (NRTI)

Abacavir (NRTI), lamivudine (NRTI), and 
zidovudine (NRTI)

Modified HAART regimen immediately 
before surgery

Unchanged Abacavir (NRTI), lamivudine (NRTI), and 
raltegravir (INSTI)*

HAART “drug holidays” history No No

Drug-use history Cocaine, tobacco, and cannabis  
>25 yr prior

Tobacco >25 yr prior

Previous cardiac event/cardiac surgery Atrial fibrillation, AICD placement, and VT 
storm

2 myocardial infarctions

CD4+ cell count (cells/µL) 580 750

HIV viral load (copies/µL) <48 (undetectable) <48 (undetectable)
 
*Change instituted 3 weeks before OHT 
 

AICD = automatic implantable cardioverter-defibrillator; AIDS = acquired immune deficiency syndrome; HAART = highly active  
antiretroviral therapy; HIV = human immunodeficiency virus; INSTI = integrase strand transfer inhibitor; NRTI = nucleoside reverse 
transcriptase inhibitor; OHT = orthotopic heart transplantation; PI = protease inhibitor; VT = ventricular tachycardia
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	 In accordance with protocol at our institution, pre-
transplantation evaluation included the extent of the 
heart disease, functional status, and indications for 
OHT; the medical history of both patients was re-
viewed, with specific attention to their history of HIV 
infection. Our institution’s exclusion criteria for HIV+ 
candidates for OHT include the following: 1) active 
opportunistic or other infections, 2) current history 
of AIDS-defining diagnoses (opportunistic infections 
or cancers), and 3) lack of stable HAART regimens in 
place. Inclusion criteria include the following: 1) HIV+ 
serostatus; 2) over the past 6 months to 1 year, CD4+ 
T-cell counts that are stable and within our clinical lab-
oratory’s normal range (450–2,500 cells/µL); 3) stable 
HAART regimen for over 1 year; and 4) undetectable 
HIV ribonucleic acid (RNA) by polymerase chain reac-
tion (PCR) (<50 copies/µL).
	 Patients 1 and 2 fulf illed all inclusion criteria: they 
had been on stable HAART regimens for multiple 
years, the result of which was long-time undetectable 
HIV RNA, and they showed evidence of robust im-
mune reconstitution (stable and normal CD4+ T-cell 
counts) (Table I).
	 At the time of transplantation, Patient 1 was listed 
as Status II, and Patient 2 was listed as Status Ia, in ac-
cordance with the United Network for Organ Sharing 
(UNOS) classification method. The UNOS classifica-
tion is based upon severity of heart disease and urgency 
for heart transplantation. Patient 1 was hemodynami-
cally stable with no pressor support and was admitted 
from outpatient status, whereas Patient 2 was hemody-
namically unstable and needed urgent transplantation 
or ventricular assist device placement. Transplantation 
occurred when suitable organs became available.

Postoperative HAART and  
Immunosuppressive Management
After orthotopic heart transplantation, Patient 1’s preop-
erative HAART regimen was modified in both schedule 
and dosage. His protease inhibitor (PI) darunavir, 600 
mg 2×/d, was reduced to 800 mg/d, and the required 
concomitant pharmacoenhancer ritonavir (PI booster) 
was reduced from 100 mg 2×/d to 100 mg/d. These 
were given with emtricitabine/tenofovir (200/300 mg). 
HAART was restarted on postoperative day 2, and Pa-
tient 1 was not given induction immunosuppressive 
therapy. However, the patient’s transplant immunosup-
pressive regimen, specifically tacrolimus dosing, was tai-
lored to account for the pharmacokinetic interactions 
expected to occur between tacrolimus and darunavir 
(PI) boosted with ritonavir (PI). We refrained from our 
standard dosing of tacrolimus (0.5–1 mg, orally 2×/d), 
and tacrolimus dosing was determined on the basis of 
trough levels. Despite this change, supratherapeutic 
levels resulted, and we subsequently considered daily 
trough levels in the dosing. By the end of postoperative 

week 3, Patient 1’s tacrolimus levels remained stable. He  
was discharged from the hospital with instructions to 
take oral tacrolimus (0.25 mg) every 48 hours; levels 
were effectively maintained between 11.5 and 14.7 ng/
mL on this regimen. Patient 1 was discharged 21 days 
after OHT.
	 After OHT, Patient 2 was not given induction thera-
py and was immediately started on triple-drug immu-
nosuppressive therapy: 1) methylprednisolone (500 mg) 
intravenously over 24 hr, followed by a prednisone taper 
to 10 mg orally 2×/d, 2) mycophenolate (1,500 mg) 
intravenously every 12 hr, and 3) tacrolimus suspen-
sion (0.5 mg) by nasogastric tube 2×/d. HAART was 
restarted on postoperative day 2. The patient’s myco-
phenolate mofetil dose was accordingly decreased from 
1.5 to 1 g orally 2×/d. Patient 2 was discharged from 
the hospital 19 days after OHT.
	 It is of note that neither patient was given induction 
therapy. Induction therapy, typically with antithymo-
cyte globulin, is given to patients who are sensitized be-
fore transplantation (that is, patients with preformed, 
potentially cytotoxic donor-specific antibodies against 
the new heart) to potentially prevent delayed hyper-
acute rejection. Because neither patient was sensitized, 
induction therapy was not required. This was fortunate, 
because induction therapy can increase the risk of infec-
tions in the short term after transplantation.
	 Because of persistent interactions with the HAART-
protease inhibitors, Patient 1 was given the lowest dose 
possible of tacrolimus (0.25 mg orally every 48 hr). His 
HIV RNA levels and CD4+ T-cell counts were mea-
sured at 1 month postoperatively, then every 2 months 
thereafter for the first year. His HIV RNA levels mea-
sured by means of PCR remained stable, at <50 copies/
µL.
	 Patient 1’s postoperative white blood counts (WBC) 
were noted as follows: at 2 weeks, 6 ×103/µL; at 1 
month, 8.7 ×103/µL; at 2 months, 3.3 ×103/µL; and at 
3 months, 3 ×103/µL. In both patients, left ventricular 
ejection fraction remained unchanged from the time 
of transplantation throughout the postoperative period, 
until the time of this report. The T-cell immune func-
tion at 1 and 2 months postoperatively for Patients 1 
and 2 was quantitated at 192 and 203, respectively.
	 Patient 1 was weaned completely from prednisone 
by 1 year after OHT. He underwent renal artery stent 
placement 9 months after OHT for refractory hyper-
tension, which subsided postprocedurally. Five months 
postoperatively, Patient 2’s post-discharge course was 
complicated by one bout of neutropenia, which resolved 
after a 2-week hold and subsequent de-escalation of 
the valganciclovir dose (from 450 mg orally 2×/d to 
450 mg/d) and escalation of the sulfamethoxazole/
trimethoprim dose (from 1 tablet triweekly to 1 tab-
let biweekly). Patient 2’s T-cell immune function was 
138, so his mycophenolate mofetil dosage was reduced 
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to 250 mg orally 2×/d. Three months later, after his 
T-cell immune function had risen above 200 ng ATG/
mL, trimethoprim-sulfamethoxazole and acyclovir were 
resumed.
	 At our institution, the T-cell immune-function assay 
is followed routinely in heart-transplant recipients to 
determine whether there is over-immunosuppression. 
If so, the target tacrolimus level or mycophenolate 
mofetil dose is reduced. The Cylex® ImmuKnow® T-
cell immune-function assay (Viracor-IBT Laboratories; 
Lee’s Summit, Mo) has been approved by the U.S. Food 
and Drug Administration for the detection and quan-
tif ication of cell-mediated immunity in an immuno-
suppressed population. This assay measures adenosine 
triphosphate (ATP) release from activated lymphocytes 
and correlates with the level of immune responsiveness. 
We have shown that a T-cell immune function <200 ng 
ATP/mL is associated with an increased risk of infection 
over the next 30 days.17 At our center, the rate of cellular 
or antibody-mediated rejection within the first 2 years 
of transplantation is less than 10%.
	 Of note, it is our policy to continue cytomegalovirus 
(CMV) prophylaxis for only 6 months after heart trans-
plantation in CMV recipient-positive–donor-negative 
patients (as in our 2 patients). Our standard protocol 
is to use valganciclovir therapy for CMV prophylaxis 
after transplantation, depending on the CMV status of 
the heart-transplant donor and recipient. The highest-
risk patients for CMV infection are those recipients 
who have never been exposed to CMV and receive a 
heart from a donor who has CMV infection (an anti-
CMV immunoglobulin [Ig]G-positive donor and an 
anti-CMV IgG-negative recipient is termed a “CMV 
mismatch”). These patients receive one year of prophy-
lactic valganciclovir therapy. If the recipient is CMV 
IgG-positive, he or she is given 6 months of prophy-
lactic valganciclovir therapy regardless of the donor’s 
CMV IgG status. If both the donor and recipient are 
CMV IgG-negative, the recipient is given acyclovir for 
6 months after transplantation (an inferior agent that is 
acceptable because of the recipient’s lower risk of CMV 
infection and the high cost of valganciclovir). The CMV 
DNA PCR is checked only in patients in whom we sus-
pect clinical CMV infection (that is, those with some 
combination of diarrhea, fever, and leukopenia). Tables 
II and III summarize the immunosuppressive therapy 
and monitoring of Patients 1 and 2.
	 After discharge from the hospital, Patients 1 and 2 
were monitored at regular intervals for potential cardiac 
rejection. In addition, monitoring of the development 
of premature atherosclerosis was performed via coronary 
angiography because transplanted hearts are denervat-
ed, and patients with transplant coronary artery dis-
ease rarely experience angina. Consequently, coronary 
angiography is the most reliable way to detect cardiac 
allograft vasculopathy. At our institution, post-OHT 

patients undergo yearly angiograms. If there is no de-
velopment of vasculopathy by 6 years after transplant, 
these patients are at lower risk for vasculopathy in the 
long term, and it is our practice to evaluate ischemia by 
alternating angiography (every other year) with myocar-
dial perfusion stress imaging.
	 Subsequent to heart transplantation, Patients 1 and 
2 remained free of any major negative sequelae (athero-
sclerosis, cardiac rejection, reactivated HIV infection, 
or increased immunodeficiency) at 43 and 38 months, 
respectively. Both patients are participating in full ac-
tivities of daily living.

Discussion

During the past decade, patients infected with HIV 
have been presenting for surgery, including cardiotho-
racic surgery, at an increasing rate and with successful 

TABLE II. Postoperative Results and Long-Term  
Follow-Up Values

        Variable	 Patient 1	 Patient 2

Intensive care unit	 9	 9 
length of stay (d)

Hospital length of	 19	 21 
stay (d)

Postoperative	 Mycobacterium	 Clostridium 
sequelae	 chelonae isolated 	 difficile toxin B 
	 in sputum culture 	 detected in 
	 at 6 mo	 stool at 7 mo

Evidence of rejection  
(ACR or AMR) 
     1 mo	 1R/AMR0	 1R/AMR0 
     6 mo	 0R/AMR0	 0R/AMR0 
   12 mo	 1R/AMR0	 1R/AMR0 
   18 mo	 1R/AMR0	 0R/AMR0

CD4+ cell count	 135–492	 151–440 
(cells/mm3),		   
nadir–peak		

HIV viral  
load (HIV-PCR)  
     1 mo	 <48	 <48 
     6 mo	 <48	 <48 
   12 mo	 <48	 <48 
   18 mo	 <48	 <48

White blood cell count  
(×103/µL) 
     1 mo	 4	 7.2 
     2 mo	 3	 4.5 
     3 mo	 3.3	 2.2 
     6 mo	 4	 1.6 
   18 mo	 4	 3 
   24 mo	 4	 4
 
ACR = acute cellular rejection; AMR = antibody-mediated rejec-
tion; HIV-PCR = human immunodeficiency virus-polymerase 
chain reaction
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outcomes.3,4,18 Although patients infected with HIV 
remain an exceptional subcategory of patients undergo-
ing cardiothoracic surgery, HIV+ patients who undergo 
cardiac transplantation are even rarer. The debate over 
whether to perform heart transplantation in HIV+ in-
dividuals continues, and it appears that most centers 
either explicitly or de facto consider HIV infection a 
relative contraindication for heart transplantation.19

	 Initial concerns for HIV+ patients undergoing surgery 
focused on immune compromise. However, HAART 
regimens have proved effective and durable in main-
taining immune competence. Of particular significance 
and importance is the ability to continue HAART regi-
mens after cardiac surgery and to minimize that time of 
interruption.
	 Our 2 cases illustrate the resolvable challenges in 
HAART and immunosuppressive management when 
an HIV+ patient’s HAART regimen includes protease 
inhibitors (PIs). Subtle gradations in the preoperative, 
intraoperative, and postoperative management of the 

HIV+ patient can further improve outcomes and reduce 
morbidity and mortality rates. Our 2 cases show that 
HIV-seropositive patients can successfully undergo heart 
transplantation with complication-free survival at 43 
and 38 months, respectively. However, this patient pop-
ulation most likely should undergo heart transplantation 
only in centers that have extensive experience with heart 
transplantation and cardiologic management of HIV+ 
patients. A multidisciplinary approach in the manage-
ment of HIV+ transplant recipients should include cardi-
ologists, cardiac surgeons, infectious-disease specialists, 
anesthesiologists, perfusionists, and pharmacists.
	 From 2011 through 2015, our center has performed 
nearly 500 heart transplantations, but only 2 of them 
have been in HIV+ patients. However, over the past 
15 years, our center has performed cardiac surgery or 
other cardiologic interventions in approximately 400 
HIV+ patients. We continue to consider HIV+ patients 
for heart transplantation if they meet inclusion criteria 
(stable CD4+ cell count within the normal range, stable 

TABLE III. Therapeutic Regimens after Orthotopic Heart Transplantation

Therapeutic Regimen Patient 1 Patient 2

HAART regimen long-term  
follow-up

Darunavir (primary PI) 800 mg/d, oral Abacavir (NRTI) 600 mg/d, oral
Ritonavir (“booster PI”) 100 mg/d, oral Lamivudine (NRTI) 300 mg/d, oral
Emtricitabine (NRTI) 200 mg/d, oral Raltegravir (INSTI) 400 mg 2×/d, oral
Tenofovir (NRTI) 300 mg/d, oral

Induction therapy None None

Tacrolimus dosing 0.25-mg oral suspension compounded 
Q48H (range, 0.25 mg Q48H–Q96H)

1-mg oral suspension 2×/d (range, 0.5–4 mg 
2×/d) to achieve targets (see below)

Tacrolimus (target trough level),* ng/mL

   1 mo 10–15 10–15

   2 mo   8–12   8–12

   3 mo   5–10   5–10

   >3 mo    — Changed to 4–6 ng/mL for SrCr >1.5 mg/dL 
maintained longer than 1 mo

Mycophenolate dosing 1,500 mg 2×/d, oral** 1,500 mg 2×/d, oral**

1-mo post-transplant dose reduced to 
1,000 mg orally 2×/d for WBC of 
3 × 103/µL.

2-d post-transplant dose reduced to 1,000 
mg orally 2×/d for refractory diarrhea

2-mo post-transplant dose reduced to 750 
mg orally 2×/d for WBC of 3.3 × 103/µL.

3-mo post-transplant dose reduced to 750 
mg orally 2×/d for WBC of 2.4 × 103/µL.

6-mo post-transplant dose reduced to 250 
mg orally 2×/d for WBC of 1.6 × 103 /µL.

Corticosteroid dosing*** Standard protocol*** Standard protocol***
 
    *Standard-of-care dosing for all heart-transplant patients 
  **Typical dose is oral mycophenolate mofetil 1,500 mg 2×/d, standard-of-care dosing for all heart-transplant patients. Dose may be  
      decreased at times for gastrointestinal intolerance or bone marrow suppression (such as WBC <3.5 ×103/µL). 
***Methylprednisolone 500 mg IVPB over 24 hr, followed by prednisone 1 mg/kg divided 2×/d, tapered to 10 mg orally 2×/d by  
      normally reducing each dose by 5 mg over 5 d, then maintained until 1 mo after heart transplantation and again tapered by 1 mg  
      per dose every 2 wk, such that a dose of prednisone 10 mg/d is achieved by month 3; prednisone 5 mg/d is achieved by 6 mo,  
      then reduced by 1 mg/mo until discontinued at 1 yr. 
 

HAART = highly active antiretroviral therapy; INSTI = integrase strand transfer inhibitor; IVPB = intravenous piggyback;  
NRTI = nucleoside reverse transcriptase inhibitor; PI = protease inhibitor; SrCr = serum creatinine; WBC = white blood cell count
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HAART regimen for >1 year, and undetectable HIV 
viral load) and do not possess exclusion criteria (active 
infection of any type, current AIDS-defining diagnosis, 
lack of stable HAART regimen, or detectable HIV viral 
load). We anticipate that the HIV+ patient population 
will increasingly undergo heart transplantation in the 
21st century.
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