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Abstract 
For heart transplant patients, there are a number of non-immunosuppressant medications that 
are routinely prescribed to mitigate the side-effects of immunosuppression, treat the related com- 
plications, and improve long-term survival. This review focuses on the medications used to pre-
vent and manage cardiac allograft vasculopathy (CAV), hypertension, dyslipidemia and osteopo-
rosis. The rationale and evidence supporting their use are summarized and the immunosuppres-
sant drugs are only discussed briefly, as they relate to each of these medical issues. Pharmacy 
practitioners are likely to encounter patients post-cardiac transplant in a variety of clinical set-
tings; therefore, a concise appreciation of the principles for the long-term medical management of 
these patients is important when providing collaborative care. 
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1. Introduction 
The overall survival for heart transplant recipients after cardiac-allograft transplantation is continuously im-
proving, with current survival rates of 95% at 3 months, 90% at 1 year, 75% at 5 years and 50% at 10 years 
[1]-[3]. Due to improvements in organ procurement/preservation, newer immunosuppressant therapies and op-
timization of post-transplant management and follow-up, patient survival rates steadily improve [1]-[4]. As a 
result, pharmacy practitioners are likely to encounter patients post-transplant in a variety of clinical settings. 
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Consequently, a concise appreciation of the principles for the long-term medical management for cardiac trans-
plant is important when providing collaborative care. 

Heart transplantation is a medical intervention that is indicated for end-stage heart disease due to irreversible 
causes and anticipated life expectancy of less than 1 year [5]-[7]. Typically, these patients have advanced symp-
toms of heart failure, New York Heart Association (NYHA) Class IIIb or IV (Table 1), which is refractory to 
optimal medical management [5]-[7]. Patients with life-threatening, drug resistant ventricular tachycardia or 
ventricular fibrillation, may also be considered for heart transplantation [6] [7]. 

This review focuses on the medications used to prevent the potential long-term complications in post-cardiac 
transplant patients including, cardiac allograft vasculopathy (CAV), hypertension, dyslipidemia and osteoporosis. 
The use of immunosuppressant drugs is critical in the long-term survival of these patients and their careful mon-
itoring and adjustment are necessary to minimize complications. However, immunosuppressant agents are indi-
vidually selected and managed exclusively by clinicians with expertise in heart transplantation—this is the role 
of the patient’s heart transplant team. The immunosuppressant drugs will only be discussed briefly in each sec-
tion, as it relates to issues emphasized in this review. 

2. Cardiac Allograft Vasculopathy 
CAV is a type of chronic rejection which is an important prognostic factor for long-term survival for heart 
transplant recipients [8]. It is the most common cause of mortality in first year post-transplant, with an incidence 
of up to 50%, and accounts for ~20% of transplant recipient mortality [8]-[10]. CAV is the most common reason 
for re-transplantation [3]. CAV has a diffuse pattern of concentric intimal proliferation and luminal stenosis with 
a progression to total occlusion of the smaller, distal portions of the coronary arteries [8]-[10]. 

The etiology of CAV is multifactorial, with both immune and non-immune pathogenic factors implicated [8]. 
It occurs more frequently in patients with poor immunologic match; therefore, the alloimmune response appears 
to play a central role in the pathogenesis of CAV [8]-[10]. The non-immunologic factors which may contribute 
include: cytomegalovirus (CMV) infection, associated toxicities of the immunosuppressant drugs, and the tradi-
tional, modifiable risk factors for coronary artery disease (CAD) (hypertension, dyslipidemia and diabetes) [9] 
[11]. 

The International Society for Heart and Lung Transplant (ISHLT) and Canadian Cardiovascular Society (CCS) 
guidelines for cardiac transplant recommend surveillance for CAV with coronary angiography and intravascular 
ultrasound (IVUS) at 4 - 6 weeks, and 1-year post-transplant [6] [7]. In a prospective cohort of patients who un-
derwent angiography and PCI for CAV, due to the diffuse nature of disease, PCI was successful in only 50% of 
patients and mortality rates were the comparable to the expected mean survival [7] [12]. Additionally, use of 
non-invasive monitoring (dobutamine stress echocardiography or myocardial perfusion scan) is unreliable for 
diagnosis and monitoring of CAV as the diffuse pattern of disease results in a high rate of false negatives [6] [7] 
[11]. Ultimately, the key to managing CAV is to prevent progression with medical therapy. 

Induction immunosuppression, given in the first several days post-transplant, decreases the risk of CAV 
compared to not using induction [6] [7] [13]. Specifically, the use of antithymocyte globulin (ATG) for this 
purpose, has been shown to reduce the absolute risk of CAV on angiography at 1-year by ~20% compared to 
older agents (muromonab-CD3 [OrthocloneOKT3®]) [13]. At 10-years post-transplant ATG reduces absolute 
risk of CAV by 25% compared to IL-2 monoclonal antibodies [14]. However, survival was not significantly 
different between agents in any of these studies. 

Calcineurin inhibitor (CNI)-based (cyclosporine and tacrolimus) immunosuppressive regimens are associated 
with toxicity of pancreatic beta-cells, inhibition of cholesterol metabolism and sodium retention [15] [16].  
 

Table 1. New York Heart Association (NYHA) functional classification [1] [5] [6]. 

Class Patient Symptoms 

I Cardiac disease but no symptoms or limitations in ordinary physical activity. 

II Mild symptoms of dyspnea or angina and slight limitation to ordinary physical activity. 

III Symptoms limited even less than ordinary physical activity and symptom-free only at rest. 

IV Experiences symptoms even while at rest, mostly bedbound. 
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Therefore, the risk of developing diabetes, dyslipidemia and hypertension is increased with the life-long use of 
immunosuppressant drugs to prevent rejection of the donor heart. In general, the use of sirolimus compared to 
tacrolimus or cyclosporine, and newer agents such as mycophenolate mofetil and everolimus are associated with 
a relatively lower risk of developing CAV [9] [15]-[19]. Corticosteroids (CS) are routinely following heart 
transplantation and then usually tapered over 6 - 12 months. Pulse-doses of steroids may also be used intermit-
tently to treat minor acute rejection episodes. CS increase the release of cortisol which stimulates appetite, de-
creases insulin release, up-regulate the activity of 3-hydroxyl-3-methylglutaryl-coenzyme A (HMG-CoA) which 
increases LDL and VLDL synthesis and release [20]. CS increase the risk of developing diabetes, hypertension 
and dyslipidemia [20]. While the effect of CS on CAV has not directly been studied, it logically follows that the 
use of CS increases the risk of CAV in this population. 

The use of non-dihydropyridine calcium-channel blockers (CCB) or angiotensin converting enzyme inhibitors 
(ACEi) decreases the degree of vascular intimal hyperplasia, compared to no therapy, as measured by IVUS at 
1-year [21]. The angiotensin receptor blocker (ARB), eprosartan, was compared to diltiazem as part of a routine 
post-transplant regimen and IVUS at 2 years confirmed a non-statistically significant different in plaque volume 
[22]. Clinical studies, along with numerous animal models, suggest that the use of ACEi, ARBs and/or CCBs 
may reduce the progression of CAV independent of blood pressure lowering effects by preventing intimal 
hyperplasia and fibroblast activation [23]. 

HMG-CoA reductase inhibitors, or statins, are the only class of medications that have demonstrated consistent 
reduction in CAV and prolong survival rates in heart transplant patients [6] [7]. There are numerous proposed 
mechanisms of action by which statins reduce the risk of CAV including: reduction of atherogenic lipid particles, 
reduction of reactive oxidative species which decreases vascular smooth muscle proliferation and increases the 
availability of nitric oxide which has an anti-inflammatory effect which reduces vascular intimal hyperplasia 
[24]. The seminal randomized control trial that compared routine post-transplant pravastatin therapy to no statin 
demonstrated a significant reduction in the incidence of rejection, CAV and mortality at 1-year, and the benefit 
persisted for 10-years, with a 20% absolute risk reduction in mortality [25]. Subsequently, simvastatin and ator-
vastatin have been compared to pravastatin over 1-year and up to 5-years. The rates of rejection, mortality and 
CAV on angiogram were not significantly different between these agents [24] [26] [27]. The significant reduc-
tion in 1-year mortality is consistent across several trials and provides evidence that statins should be routinely 
used post-transplant regardless of the recipients’ baseline lipid profile. The rate of rhabdomyolysis in cardiac- 
transplant patients was reported to be less than 0.5% per patient-year in one large cohort study. In two recent 
large cohort studies using registry data statins are associated with achievement of the LDL-C goal of <2.6 
mmol/L in about 60% of patients and 12.2% of all transplant patients suffered adverse events and 3.9% of the 
patients permanently discontinued statin treatment [24] [25]. In practice, these patients are considered at high- 
risk for cardiovascular disease (CVD) and treated, where possible, to achieve the primary guideline target of an 
LDL-C of <2.0 mmol/L [28].  

In general, the best management of CAV is prevention with statin therapy immediately post-transplant and 
continued lifelong. Other traditional risk factors such as hypertension, diabetes and dyslipidemia should be 
treated. There are studies measuring surrogate markers for CAV that have shown decreased progression with 
ACEi, ARB and non-dihydropyridine CCB. Routine treatment with ACEi or CCB is common, but may not be 
continued unless there is another indication for their use. 

3. Hypertension 
The development of arterial hypertension after cardiac transplant is common, with the incidence of de novo 
hypertension around 17% annually and the prevalence in cohorts ranging up to 80% [29] [30]. The risk factors 
for the development of de novo hypertension long-term post-transplant stem from cardiac denervation (interrup-
tion of the sympathetic nerve connection to the heart as a result of surgical transplantation) which results in a 
decrease in parasympathetic tone and loss of the normal circadian variation in blood pressure [30] [31]. Immu-
nosuppressant therapy with CS and CNI, cyclosporine in particular, increases the risk of sodium and water dy-
sregulation and increased peripheral vascular resistance [31]-[33]. Independent predictors for the development 
of hypertension post-transplant include the following characteristics: male gender of the recipient or donor, idi-
opathic dilated cardiomyopathy as the etiology of heart failure, history of cigarette smoking, and hypercholeste-
rolemia [33]. 
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The ISHLT Guidelines recommend that recipients should have blood pressure controlled to <140/90 mmHg 
to prevent allograft damage [6]. The initial intervention for hypertension is lifestyle modifications such as 
weight loss, regular aerobic exercise, decrease sodium intake, and the dose minimization of immunosuppressive 
agents, particularly CS [6]. Clinical trials of pharmacotherapy for treating hypertension post-transplant are mod-
est in size and generally underpowered to detect differences in clinical outcomes. In the largest RCT to date, 
which included 116 patients on cyclosporine followed over the first year post-transplant both diltiazem and lisi-
nopril effectively reduced blood pressure by 25/10 mmHg; however, <50% of patients overall achieved the tar-
get blood pressure of ≤130/80 mmHg [34]. In a small study of 38 patients, treated with amlodipine or placebo 
over 1-year, the mean blood pressure reduction was 17/10 mmHg and the development of proteinuria was sig-
nificantly reduced with amlodipine [35]. Patients were treated regardless of hypertension at hospital discharge; 
however, patients with a blood pressure of <110/60 mmHg or a serum creatinine >140 µmol/L at hospital dis-
charge were excluded from the study. 

No RCTs in cardiac transplant recipients have been large enough to compare clinical outcomes, particularly in 
relation to CVD of the cardiac allograft. An ACEi or diltiazem are the preferred antihypertensive agents and are 
commonly used, regardless of blood pressure, post-transplant [36] [37]. Diltiazem inhibits the metabolism of 
cyclosporine and tacrolimus by up to 50% and thus reduces the required dose of immunosuppressant to achieve 
target serum concentrations [36]. There is evidence that the use of antihypertensive regardless of baseline blood 
pressure reduces end-organ damage, such as nephropathy; however, further study is required before this strategy 
should be ubiquitously adopted. 

4. Dyslipidemia 
Cardiac transplant patients are at increased risk of dyslipidemia, with 80% prevalence reported. The risk factors 
for the development of dysplipdemia at 1-year post-transplant were cumulative prednisone dosage, body-mass 
index >25 kg/m2 and a pre-transplant diagnosis of CAD in one cohort study [38]. Besides traditional CAD risk 
factors, immunosuppressant medication use contributes to hyperlipidemia [39]. Cyclosporine increases LDL-C 
production by about 1/3 from baseline; tacrolimus also increases serum LDL-C, but not to the same magnitude 
[30] [33]. Sirolimus and mycophenolate mofetil also increase serum cholesterol levels, but to a lesser magnitude 
than CS and cyclosporine. In general, the use of immunosuppressants should be minimized to mitigate the con-
sequences of long-term dyslipidemia and cardiovascular (CV) risk. 

The use of statins is ubiquitous in cardiac transplant patients, as previously reviewed, and the doses can be ti-
trated to treat dyslipidemia and achieve high-risk targets. In a RCT of 97 patients, pravastatin started 1-2 weeks 
post-transplant at 1 year total reduced total cholesterol from 6.3 mmol/L to 5 mmol/L, decreased progression of 
coronary intimal thickness and had an absolute risk reduction for mortality of 5% [25] [40]. Head-to-head com-
parisons of statins (pravastatin, simvastatin and atorvastatin) in cardiac transplant demonstrate a differential ef-
fect on lowering LDL and total cholesterol (TC). Overall, atorvastatin was the most potent agent in terms of li-
pid lowering reducing LDL by 45% and TC by 33% when given at doses of 10 - 20 mg per day [41]. This in-
crease in lipid lowering did not translate into improved efficacy as clinical outcomes such as mortality and re-
jection were not statistically significant between atorvastatin and pravastatin as well as simvastatin and pravasta-
tin [28] [41]. 

Studies demonstrate that co-administration of cyclosporine with statins can increase systemic exposure lead-
ing to increased adverse events, such as myalgias [42]-[45]. The nature of this interaction is complex and the 
result of the combination of cyclosporine inhibition of P-glycoprotein, CYP3A4 metabolism and organic-anion- 
transporter activity, as elevated levels of non-CYP3A4 metabolized statins, such as fluvastatin, pravastatin and 
rosuvastatin are reported [44]. In animal models, concurrent cyclosporine and rosuvastatin resulted in a 9-fold 
increase in rosuvastatin serum concentrations [46]. With concurrent atorvastatin therapy, cyclosporine did not 
significantly affect serum concentrations of atorvastatin or its metabolites [47]. Also, with concurrent tacrolimus 
and atorvastatin there was not an increased serum concentration of atorvastatin or its metabolites [46]. Despite 
these potential drug interactions, the occurrence of rhabdomyolysis is rare and documented with only case re-
ports [42] [43]. However, to mitigate these potential drug-interactions between statins and immunosuppressant 
medications the recommended doses of statins areoften lower (Table 2). 

If statins are not tolerated or dyslipidemia persists, treatment with ezetimibe may be considered. A cohort of 
36 patients who did not tolerate statin therapy or cholersterol remained elevated ezetimibe 10 mg was used [48].  
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Table 2. Maximum recommended doses of statins with cal-
cineurin inhibitors [42]-[47]. 

Statin Agent Maximum Dose 

Atorvastatin 40 mg 

Simvastatin 20 mg 

Rosuvastatin Contraindicated 

Pravastatin 20 mg 

Fluvastatin Caution 

 
At 12 months of treatment TC was decreased from 6 mmol/L to 5 mmol/L and LDL decreased from 2.7 mmol/L 
to 2 mmol/L [48]. There were 2 patients that had to discontinue therapy due to hand edema and rhabdomyolysis. 
There were no rejections or deaths during the follow-up, however given the limitation of the study design con-
clusions cannot be made regarding clinical outcomes with ezetimibe. 

Statins are routinely used in cardiac transplant recipients regardless of baseline cholesterol in order to de-
crease CV risk, mitigate the development of CAV and to increase survival. There are no clinical trials that com-
pare different lipid targets and currently the ISHLT guidelines recommend that in cardiac transplant patients 
LDL < 2.0 mmol/L and TC/HDL ratio < 4. 

5. Osteoporosis 
The major contributing factor to rapid deficits in bone mass density (BMD) is the metabolic consequences of 
immunosuppressant medications, particularly CNI and CS [49] [50]. Use of CS suppress osteoblast function, 
enhances osteoclast activity, impairs collagen synthesis, decreases GI absorption of calcium and also inhibits 
pituitary secretion of growth hormone and insulin like growth factor [50]. Cyclosporine accelerates bone turno-
ver and decreases circulating testosterone levels, thereby decreasing osteoblast function [49]. Tacrolimus causes 
greater relative bone-loss than cyclosporine [50]. The loss of BMD occurs particularly in the first year post- 
transplant as immunosuppressant therapy consists of regular CS and higher relative serum concentrations of CNI. 
One cohort study compared BMD from cardiac transplant patients at 60 days post-transplant to their expected 
BMD based on age and gender. BMD was significantly decreased by 15% over the short follow-up time [51]. 
During this time, heart transplant recipients are usually receiving high doses of CS—an example of one CS dos-
ing regimen: prednisone 1 mg/kg initially, tapered to achieve dose of ~0.3 mg/kg by 1-month, then ~0.2 mg/kg 
by 2-months, then 0.1 mg/kg by 3-months, and final taper to wean off between 4 - 6 months, where appropriate. 

All cardiac transplant patients should receive adequate intake of calcium and vitamin D either through dietary 
sources and supplementation [51]. Bisphosphonates are used routinely during the first year post-transplant and 
the subsequent decision to continue long-term is based on individual fracture risk. The ISHLT guidelines rec-
ommend that a dual energy x-ray absorptiometry (DEXA) be obtained at baseline and repeated at 1-year post- 
transplant [6]. In a review on CS induced osteoporosis, the use of bisphosphonate resulted in less of a decrease 
in BMD and reduced fracture risk (OR 0.76, p < 0.005) [52]. There was no particular advantage to one bisphos-
phonate over another; therefore, heart transplant patients are treated with the least expensive agent covered by 
their particular drug plan.  

The use of calcitonin has been studied in cardiac transplant patients in 2 small RCTs. A trial of 23 patients 
were randomized to calcitonin or no therapy, all patients received calcium and vitamin D supplementation. Fol-
low-up occurred over 7 years with annual BMD scan and there was a statistically significant difference with 
higher BMD in the calcitonin group seen as early as 1-year [53]. In another trial of 18 patients randomized to 
calcitonin or calcitonin plus exercise immediately post-transplant there was a marginal increase in BMD at 
8-months, although this was within the error limits for the DEXA scan used [54]. 

The clinical trials performed are underpowered to detect a difference in fracture rates. The evidence for the 
calcium and vitamin D intake is extrapolated from the general population and is continued life-long if tolerated. 
The use of bisphosphonates is based on the data from CS induced osteoporosis. All patients should receive bis-
phosphonates regardless of BMD for at least 1 year, at that point the decision to continue bisphosphonate is 
based on ongoing CS therapy and calculated fracture risk. 



G. Egan, G. J. Pearson 
 

 
955 

6. Conclusion 
For heart transplant patients, there are a number of non-immunosuppressant medications that are routinely used. 
These medications are used to mitigate the side-effects of immunosuppression, treat the related complications, 
and improve long-term survival. Each encounter with a cardiac-transplant recipient is an opportunity to confirm 
the non-transplant medications that they have been prescribed, provide education regarding these medications 
and monitor for drug-related problems (DRPs) such as drug-interactions, adverse events and compliance. It is 
important to always consider, that transplant patient outcomes are determined by carefully maintaining an intri-
cate balance between organ rejection and drug toxicity. If a specific DRP is identified, consultation with the lo-
cal transplant team should be pursued, as they will have the most up-to-date patient information and the greatest 
experience to help direct the individual patient’s care plan and follow-up. 
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