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Abstract 
Background: Allograft coronary artery disease (ACAD) is a common cause of morbidity and mor-
tality post-orthotopic heart transplantation (OHT). ACAD progression may be reduced by modify-
ing cardiovascular risk factors, such as hyperlipidemia and hypertension. We sought to evaluate 
the management of hyperlipidemia and hypertension among OHT recipients followed in an outpa-
tient cardiac transplant clinic. Objective: The primary objective was to assess the proportion of 
OHT patients achieving both the recommended LDL target of <2.0 mmol/L and BP targets of 
<140/90 mmHg (or <130/80 mmHg for diabetics) in an outpatient cardiac transplant clinic. Me-
thods: A cross-sectional retrospective analysis of the medical records of all adult OHT recipients 
actively followed in our outpatient cardiac transplant between January-March 2009. Results: Of 
the 193 patients included, both the low-density lipoprotein (LDL) cholesterol and blood pressure 
(BP) targets were achieved in 111 (57.5%) patients. The LDL target alone was achieved by 140 
(72.5%) patients and the BP target alone by 153 (79.3%) patients. Statins were prescribed in 183 
(94.8%) patients with a mean LDL of 1.81 mmol/L (±0.55). Angiotensin converting enzyme-inhi- 
bitors [ACE-I] (or angiotensin receptor blockers [ARB]) were prescribed in 154 (79.8%) patients, 
diltiazem in 101 (52.3%) patients, and both in 85 (44.0%) patients, with a mean BP of 124.2/77.8 
mmHg (±13.6/8.2). Adverse reactions related to statins, ACE-inhibitors or diltiazem were uncom- 
mon and rarely resulted in drug discontinuation. Conclusions: Guideline recommended that LDL 
and BP targets are achievable in a significant proportion of OHT recipients. The high utilization 
rates of statins for dyslipidemia and ACE-I (or ARB) and diltiazem for BP were consistent with 
guideline recommendations for the prevention of ACAD. Despite concerns regarding the potential 
for pharmacokinetic drug interactions in OHT patients, the reported rates of any drug intolerance 
to these medications were low in our population. 
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1. Introduction 
Heart transplantation is a life-saving medical intervention indicated for highly selected patients with end-stage 
heart disease; however, <200 heart transplants are performed annually across Canada [1]. Allograft coronary ar-
tery disease (ACAD), a rapidly progressive form of atherosclerosis in orthotopic heart transplantation (OHT) re-
cipients, is a common cause of morbidity and mortality [2]. ACAD is characterized by intimal proliferation, lu-
minal stenosis of epicardial branches, and occlusion of smaller arteries [3]. By 10 years post-transplant, >50% of 
surviving recipients have angiographic ACAD [4]. Both immunologic risk factors and non-immunologic risk 
factors are reported to be implicated [3]. It has been reported that 93% of surviving recipients have hy-
per-lipidemia and 99% have hypertension by 10 years post-OHT [4]. The only definitive treatment for ACAD is 
re-transplantation, but this not only poses risks for the patient but also causes ethical dilemmas for clinicians 
because of the scarcity of donor organs [3]. Because of the significant influence ACAD has on morbidity and 
mortality, it is important to focus on preventing this silent progressive disease, rather than treating its conse-
quences. 

Hyperlipidemia is the most consistently associated metabolic risk factor for the development of ACAD in the 
OHT recipient and can be caused by factors such as pre-transplant hyperlipidemia, immunosuppressant medica-
tions, obesity, and diabetes [2] [5] [6]. Low-density lipoprotein (LDL) is significantly associated with coronary 
intimal thickening and graft dysfunction [3] [7]. Prospective, randomized studies have demonstrated that statins 
reduce all-cause mortality at 1-year post-OHT [5] [8]. Kobashigawa concluded that the early use of pravastatin 
safely lowered cholesterol levels, decreased the incidence of major rejection, improved 1-year survival, and re-
duced the development of ACAD [9]. Follow-up studies have shown that these benefits were maintained for 10 
years [10]. Similar findings are reported with use of simvastatin [11]-[13]. Other statins have shown benefit in 
smaller studies and appear to be safe and effective in aggressively lowering low-density lipoprotein (LDL) cho-
lesterol in OHT recipients where other statins failed to reach therapeutic goals [14]-[16].  

Based on this evidence, the Canadian Cardiovascular Society (CCS) consensus on cardiac transplantation re-
commends all patients receive a statin after cardiac transplantation regardless of their baseline LDL [2]. Since 
OHT recipients are at significant risk of ACAD, it is reasonable to adopt the LDL targets currently recommended 
for high risk CAD patients [6]. The current recommended goal for high-risk patients is LDL < 2.0 mmol/L [17].  

Non-statin lipid-lowering agents are not commonly used in OHT recipients due to interactions with calcineu-
rin inhibitors (CNIs) and statins, or adverse effects [5] [6] [18]. Patients who are intolerant of statins or who do 
not reach target lipid levels may require the addition of a second agent such as ezetimibe [19] [20]. However, 
lower initial doses and close monitoring are needed due to reports of supra-therapeutic response to ezetimibe 
when taken with cyclosporine [21]. 

The adverse drug reactions associated with statins that generate the greatest apprehension among patients are 
myotoxicity (myopathy and myositis) and increased liver enzymes. However, many of the statin trials have 
failed to demonstrate severe adverse effects or showed reversible creatine kinase (CK) elevations, suggesting 
that statins are safe [9] [11] [14]-[16]. Statin safety trials concluded that since the incidence of severe complica-
tions is low, statins are safe in this population if closely monitored [22] [23]. 

Hypertension in OHT patients can occur within days of transplantation as a consequence of immunosuppres-
sive therapy and the denervation of cardiac volume receptors [24] [25]. The CNIs increase endothelin-1, de-
crease nitric oxide (NO), and activate the renin-angiotensinaldosterone system (RAAS), resulting in vasocon-
striction and elevation in blood pressure (BP) [25]. Additionally, due to the denervation of cardiac volume re-
ceptors, volume expansion from salt loading fails to suppress the RAAS, therefore producing hypertension [26]. 

Angiotensin-converting enzyme-inhibitors (ACE-Is) can blunt the effects of the neurohormonal systems that 
fail to respond to volume expansion and can enhance the activation of NO [27]. Calcium channel blockers (CCBs), 
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particularly diltiazem, inhibit the vasoconstriction associated with cyclosporine by blocking the calcium chan-
nels [25]. The benefits of ACE-Is and CCBs may extend beyond their antihypertensive effects [25] [27]-[30]. 

Canadian guidelines for cardiac transplantation recommend that if an antihypertensive is required, diltiazem 
or an ACE-I should be considered first-line due to the potential benefits in reducing ACAD [2]. For OHT pa-
tients who have concurrent diabetes, it is appropriate to target a BP goal of <130/80 mmHg adopted from the 
Canadian Hypertension Education Program (CHEP) guidelines. For OHT patients without diabetes, the recom-
mended BP goal of <140/90 mmHg from CHEP is endorsed [31]. Commonly reported adverse effects of ACE-Is 
in the studies included hypotension and increased serum creatinine [24]. Diltiazem has been reported to cause 
sinus bradycardia [29] and peripheral edema [24]. Concomitant use of diltiazem and cyclosporine may result in 
increased cyclosporine levels secondary to CYP 450 interactions; however, this is an exploitable drug interac-
tion [29]. 

A survey of 59 American heart transplant centers revealed that statin therapy was included in the post-OHT 
protocol in 85% of centers [32]. Despite proportion of patients on statins and the low rate of adverse drug reac-
tions, only 58.5% of adult cardiac transplant patients achieve an institutional LDL target of <2.6 mmol/L [32]. 
Since ACAD is a significant contributor to morbidity and mortality, it is essential to reduce the progression by 
treating modifiable risk factors, such as hyperlipidemia and hypertension. 

The purpose of this study was to evaluate the management of hyperlipidemia and hypertension among OHT 
recipients followed in the outpatient cardiac transplant clinic at the University of Alberta. Characterizing the 
proportion of patients achieving LDL and BP targets and the current patterns of use of lipid-lowering and anti-
hypertensive agents will assist in improving the medical management of heart transplant recipients. 

The primary objective was to assess the proportion of OHT patients achieving both the LDL target of <2.0 
mmol/L and BP targets of <140/90 mmHg or <130/80 mmHg for diabetics in an outpatient cardiac transplant 
clinic. Secondary objectives included the assessment of: 1) the proportion of patients achieving the LDL target 
of <2.0 mmol/L; 2) the proportion of patients currently achieving the BP targets of <130/80 mmHg for diabetics 
(patients taking anti-diabetic agents or with a fasting plasma glucose > 7 mmol/L) or <140/90 mmHg for all 
others; and 3) the current usage patterns and intolerance to lipid-lowering and antihypertensive agents among 
OHT recipients. 

2. Methods 
2.1. Design and Patient Population 
This study was a cross-sectional, retrospective analysis of all post-OHT patients being actively followed and 
collaboratively managed in the outpatient cardiac transplant clinic at the University of Alberta. Patients were in-
cluded if they had undergone OHT and were >18 years old. Patients who received OHT at the University of Al-
berta Hospital but were actively being followed in another transplant clinic were excluded from the analysis. 

2.2. Data Collection 
A standardized case report form was used to extract information from the patients’ clinic charts. Information 
was collected between January to March 2009 from the charts by a single investigator and included: 1) demo-
graphic data; 2) most recent fasting lipid profile; 3) BP readings taken during the last three clinic visits; 4) de-
scription of statins, ACE-Is, and diltiazem therapies; 5) documented intolerances or adverse effects associated 
with statins, ACE-Is, and diltiazem. Elevated ALT and AST was defined as >3 times the upper limit of normal 
(ULN), myalgia as muscle ache or weakness without CK elevation, myositis as CK elevation of >3 times but 
<10 times the ULN, and rhabdomyolysis as muscle symptoms with CK elevation of >10 times the ULN. Ele-
vated creatinine was defined as >30% increase from baseline and hyperkalemia was defined as >5.0 mmol/L. 

2.3. Sample Size and Data Analysis 
The sample size was based on the 209 post-OHT patients currently followed in the cardiac transplant clinic at 
the University of Alberta. Descriptive statistical analysis was performed using Microsoft Access and Excel. 
Documented intolerances associated with statins, ACE-Is, and diltiazem were described using the Naranjo algo-
rithm [33]. The study was approved by the Health Research Ethics Board of the University of Alberta. 



J. J. Xu et al. 
 

 
74 

3. Results 
3.1. Patient Characteristics 
Between 1985 and January 2009, 613 patients received heart transplants at the University of Alberta. Of those, 
404 patients were excluded from the study (deceased, combined heart and lung transplants, orpediatric trans-
plant). From 209 eligible patients, 16 patients were excluded due to being either lost to follow-up or being rou-
tinely followed by another clinic. A total of 193 patients were included (Figure 1). Demographic characteristics 
of included patients are summarized in Table 1. The patient population consisted of 76.7% maleswith a mean 
age of 59.2 ± 13.0 years, who were a mean 8.2 ± 4.8 years post-OHT. ACAD was diagnosed by coronary angio-
graphy with or without myocardial scintigraphy in 43 (22.3%) patients. 

3.2. Primary Objective 
A total of 111 (57.5%) patients achieved both the LDL target of <2.0 mmol/L and the BP target of <140/90 
mmHg (or <130/80 mmHg for diabetics). 

3.3. Secondary Objectives 
Of the 193 patients, 140 (72.5%) patients achieved the LDL target of <2.0 mmol/L. Patients who were pre-
scribed a statin were more likely to reach this goal (Table 1). The mean LDL was 1.81 ± 0.55 mmol/L for the 
entire cohort, 1.78 ± 0.49 mmol/L for patients prescribed a statin and 2.43 ± 1.09 mmol/L for those who were 
not (Table 1). For patients who did not achieve the LDL target, the mean LDL was 2.43 ± 0.57 mmol/L. 

The BP target of either <140/90 mmHg or <130/80 mmHg was achieved by 153 (79.3%) patients. The mean 
SBP of all patients was 124.2 ± 13.6 mmHg, and the DBP was 77.8 ± 8.2 mmHg (Table 2). These numbers did 
not differ greatly for patients who were or were not prescribed an ACE-I (or ARB) or diltiazem. For patients 
who did not achieve the <140/90 mmHg or the <130/80 mmHg target, their mean BP was 144.4 ± 11.3 mmHg 
(SBP) and 87.9 ± 11.4 mmHg (DBP) and 136.5 ± 11.9 mmHg (SBP) and 81.4 ± 5.2 mmHg (DBP) respectively. 

Statins were prescribed in 183 (94.8%) patients with an atorvastatin-equivalent dose of 27.7 ± 23.8 mg once 
daily (Table 2). Atorvastatin (88.1%) was the most commonly prescribed statin, followed by pravastatin (3.1%) 
and simvastatin (2.6%) (Table 2). The next two commonly used lipid-lowering agents were ezetimibe (12.4%) 
and fish oil (2.1%). Of 193 patients, 81.9% were on one lipid-lowering agent and 14.0% were on two lipid-  
lowering agents. 

For the use of antihypertensive agents, 88.1% of patients were on either or both an ACE-I (or ARB) and dil-
tiazem. ACE-Is (or ARBs) were prescribed in 154 (79.8%) patients, diltiazem in 101 (52.3%) patients, and both 
in 85 (44.0%) patients. The rates of prescribing for additional classes of antihypertensive agents were low, ex-
cept for thiazide diuretics (Figure 2). Of the 193 patients, 22.3% were on one antihypertensive agent, 32.1% 
were on two, 22.8% were on three, 10.9% were on four, and 2.1% were on five. 
 

 
Figure 1. Flow diagram of patient selection. 

404 patients excluded
• Deceased
• Heart & lung transplants
• Pediatric transplants

613 patients since the start of 
the program in 1985

193patients included in the 
analysis

16 patients excluded
•7 patients lost to follow-up
•9 patients actively being followed in another 
transplant clinic

209 patients identified
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Table 1. Patient demographics. 

Characteristic 

Patients 

All (n = 193) Prescribed 
statin (n = 183) 

Not prescribed 
statin (n = 10) 

Prescribed 
ACEI/ARB or 
CCB (n = 170) 

Not prescribed 
ACEI/ARB or 
CCB (n = 23) 

Age (y)      

Mean ± SD 59.2 ± 13 59.6 ± 12.6 52.7 ± 11.4 59.4 ± 12.4 57.8 ± 16.9 

Range 19.8 - 88.9 19.8 - 88.9 21.7 - 72.8 22.4 - 88.9 19.8 - 75.6 

Gender, male (%) 148 (76.7) 142 (77.6) 6 (60) 129 (75.9) 19 (82.6) 

Height (cm)      

Mean ± SD 171.8 ± 9.0 171.8 ± 9.0 171.8 ± 9.8 172.0 ± 8.9 170.4 ± 9.3 

Range 147.5 - 193 147.5 - 193 157 - 186 147.5 - 193 152 - 183 

Weight (kg)      

Mean ± SD 84.2 ± 19 84.0 ± 18.5 87.4 ± 28 84.9 ± 19.4 78.3 ± 15.4 

Range 31.4 - 151.6 48.2 - 151.6 31.4 - 131.8 31.4 - 151.6 48.8 - 113.2 

Time since transplant (y)      

Mean ± SD 8.2 ± 4.8 8.2 ± 4.9 8.2 ± 2.2 8.2 ± 4.7 8.2 ± 5.3 

Range 0.1 - 22.6 0.1 - 22.6 4.7 - 12.1 0.5 - 22.6 0.1 - 19.5 

Indication for transplant, n (%)      

CAD 92 (50.3) 87 (47.5) 5 (50) 81 (47.6) 11 (47.8) 

CM 75 (38.9) 71 (38.8) 4 (40) 67 (39.4) 8 (34.8) 

Dilated CM 42 (21.8) 39 (21.3) 3 (30) 38 (22.4) 4 (17.4) 

Idiopathic CM 23 (11.9) 23 (12.6) 0 20 (11.8) 3 (13) 

Hypertrophic CM 5 (2.6) 5 (2.7) 0 4 (2.4) 1 (4.3) 

ACAD-repeat OHT 7 (3.6) 7 (3.8) 0 6 (3.5) 1 (4.3) 

Others 19 (9.8) 18 (9.8) 1 (10) 16 (9.4) 3 (13) 

Immunosuppressive regimen, n (%)      

Cyclosporine 119 (61.7) 114 (62.3) 5 (50) 105 (61.8) 14 (60.9) 

Tacrolimus 73 (37.8) 69 (37.7) 4 (40) 64 (37.6) 9 (39.1) 

MMF 135 (69.9) 126 (68.9) 9 (90) 120 (70.6) 15 (65.2) 

Azathioprine 27 (14) 27 (14.8) 0 24 (15.1) 3 (13.0) 
Corticosteroid 40 (20.7) 36 (19.7) 4 (40) 32 (18.8) 8 (34.8) 
Sirolimus 21 (10.9) 19 (9.8) 2 (20) 18 (10.6) 3 (13) 
Everolimus 3 (1.6) 3 (1.6) 0 2 (1.3) 1 (4.3) 
ACAD, n (%) 43 (22.3) 40 (21.9) 3 (30) 36 (21.2) 7 (30.4) 
Lipid (mmol/L); mean ± SD      
TC 3.67 ± 0.77 3.63 ± 0.69 4.35 ± 1.57 - - 
TG 1.61± 1.04 1.63 ± 1.03 1.48 ± 1.27 - - 

- 
- 
- 

HDL-C 1.12 ± 0.39 1.11 ± 0.37 1.24 ± 0.62 - 
LDL-C 1.81 ± 0.55 1.78 ± 0.49 2.43 ± 1.09 - 
TC:HDL-C 3.53 ± 1.05 3.49 ± 1.00 4.05 ± 1.75 - 
BP (mmHg)      
SBPa 124.2 ± 13.6 - - 124.6 ± 13.9 121.7 ± 11.1 
DBPa 77.8 ± 8.2 - - 77.8 ± 8.1 77.9 ± 8.3 

ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin receptor blocker, CAD = coronary artery disease, ACAD = allograft coronary 
artery disease, CCB = calcium channel blocker, CM = cardiomyopathy, DBP = diastolic blood pressure, HDL-C = high-density lipoprotein, LDL-C = 
low-density lipoprotein, MMF = mycophenolate mofetil, OHT = orthotopic heart transplant, SBP = systolic blood pressure, TC = total cholesterol, 
TG = triglyceride. 
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Table 2. Pattern of use of statins, ACE-inhibitors, and non-dihydropyridine calcium channel blockers. 

Medications No. of patients, n = 193 (%) Strengtha (mg) Route Directions 

Statins     

Atorvastatin 170 (88.1) 28.9 ± 24.0 PO QD (x167) & Q2D (x3) 

Pravastatin 6 (3.1) 31.3 ± 28.9 PO QD 

Simvastatin 5 (2.6) 26.0 ± 13.4 PO QD 

Rosuvastatin 1 (0.5) 20 PO QD 

Lovastatin 1 (0.5) 5 PO QD 

Fluvastatin 0 - - - 

None 10 (5.2) - - - 

Atorvastatin-equivalentb 183 (94.8) 27.7 ± 23.8 PO QD (x180) & Q2D (x3) 

ACE-inhibitors     

Quinapril 102 (52.8) 29.5 ± 15.3 PO QD 

Ramipril 16 (8.3) 7.1 ± 3.6 PO QD (x15) & BID (x1) 
Lisinopril 6 (3.1) 17.5 ± 8.8 PO QD 

Enalapril 3 (1.6) 7.5 ± 4.3 PO QD (x2) & BID (x1) 

Non-dihydropyridine CCB     

Diltiazem 101 (52.3) 218.3 ± 93.9 PO QD 

ACE = angiotensin converting enzyme, BID = twice daily, CCB = calcium channel blocker, PO = per os (by mouth), QD = once daily, Q2D = every 
two days. aMean ± SD. bAtorvastatin 10 mg = rosuvastatin 5 mg = simvastatin 20 mg = pravastatin 40 mg = lovastatin 40 mg = fluvastatin 80 mg. 
 

 
Figure 2. Proportion of patients taking antihypertensive agents by class. 

 
Among the 183 patients prescribed a statin, a total of 27 (14.8%) patients had some statin-related intolerance, 

of which 20 (10.9%) had slightly elevated CK (<3 times the ULN) and 11 (6.0%) reported myalgia (Table 3). 
Of the 127 patients who were prescribed an ACE-I, 37 (29.1%) patients had ACE-I-related intolerance, of which 
27 (21.3%) had minor elevations in serum creatinine and 7 (5.5%) had hyperkalemia. Of the 101 patients who 
were prescribed diltiazem, 11 (10.9%) patients had diltiazem-related intolerances, of which 8 (7.9%) had lower 
leg edema. Using the Naranjo algorithm, it was determined that none of the intolerances were classified as “de-
finite” adverse drug reactions; rather, most were determined to be either “probable” or “possible” reactions. 

4. Discussion 
In our cardiac transplant clinic, 58% of OHT patients achieved both an LDL target of <2.0 mmol/L and a BP  
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Table 3. Reported drug-related intolerances. 

Patient reported intolerances on therapy N (%) 

Statins (n = 183) 27 (14.8) 

Elevated CK* 20 (10.9) 

Myalgia 11 (6.0) 

Elevated ALT 2 (1.1) 

Hip pain 1 (0.5) 

ACE-inhibitors (n = 127) 37 (29.1) 

Elevated serum creatinine** 27 (21.3) 

Hyperkalemia 7 (5.5) 

Dry cough 3 (2.4) 

Dizziness or lightheadedness 2 (1.6) 

Diltiazem (n = 101) 11 (10.9) 

Lower leg edema 8 (7.9) 

Dizziness 1 (1.0) 

Bradycardia 1 (1.0) 

Stool incontinence 1 (1.0) 
*All elevated CK levels were between 250 - 750 U/L. **Defined as >30% increase from baseline serum creatinine. 

 
target of <140/90 mmHg (or <130/80 mmHg for patients with diabetes). When separately assessing the propor-
tion of patients achieving the LDL target, 73% of patients achieved the target. This proportion is much higher 
than that reported for non-cardiac transplantation patients with cardiovascular disease in general practices (30.5 - 
51.2%) [34] [35]. If the higher LDL target of <2.5 mmol/L was used, as previously recommended in the 2003 
CCS guidelines, the proportion of patients who achieved this target increases to 93.8%. Remarkably, the propor-
tion of patients achieving this higher target LDL (<2.5 mmol/L) has been very consistent (93.3%) since we first 
evaluated this in our patients > 5 years ago [36]. This proportion of patients successfully treated to target is 35% 
higher than previously been reported, when the target LDL is comparable [32]. Even for patients who did not 
achieve the aggressive LDL target of <2.0 mmol/L, their mean LDL was only slightly (mean of 0.43 mmol/L) 
above target. Similarly, the proportion of patients achieving the blood pressure goal (79%) is higher than that 
reported for the general population (57% - 58%) [35] [37]. For those who did not achieve the goal, their BP 
readings were only 1 - 6 mmHg above their target. 

The successful attainment of these treatment goals may be due to the close patient monitoring and the colla-
borative interdisciplinary team approach operational in our outpatient cardiac transplant clinic. Consistent with 
the recommendations regarding dyslipidemia management, the majority of our patients were prescribed a statin 
(95%). While published data supports the efficacy of pravastatin and simvastatin [9]-[13], our results expand the 
evidence with atorvastatin, as it was the most commonly prescribed agent in the class. In combination with or in 
place of statins, ezetimibe was the most common agent. Since 82% of our patients were on a regimen with only 
one lipid-lowering agent, our results suggest that most patients can achieve the LDL target with monotherapy. 
Also, consistent with the CCS recommendation regarding hypertension management, 88% of our patients were 
managed with either one or both an ACE-I (or ARB) and diltiazem. Two or more antihypertensive agents were 
used in 78% of patients, demonstrating that multiple antihypertensive agents are often required for the manage-
ment of hypertension in OHT recipients.  

Previous studies have reported up to 20% of OHT recipients may suffer adverse effects of initial statin thera-
py; however, problems resolve with close monitoring and severe adverse events are rare [9] [11] [14]-[16] [22] 
[23]. Our data is consistent with these findings and demonstrates a similar low incidence of medication intoler-
ance. Although 15% of patients had statin-related intolerances including minor CK or ALT elevations and myal- 
gias, none were classified as definite, rather as possible or probable reactions. Furthermore, there were no do-
cumented cases of either myositis or rhabdomyolysis among patients on statin therapy. Only 7 patients had do-
cumented intolerances or contraindications that were severe enough to warrant discontinuation of statin therapy. 
Elevated serum creatinine was a common intolerance of ACE-Is; however, all of these were determined to be 



J. J. Xu et al. 
 

 
78 

either possible or doubtful reactions. This can be explained by the fact that, independent of ACE-Is, renal insuf-
ficiency is often a co-morbidity among cardiac transplantation recipients caused by concurrent long-term thera-
py with CNIs. Similarly, immunosuppressant agents also promote fluid retention, and in combination with dil-
tiazem, can lead to a worsening of lower extremity edema. Although the incidences of the intolerances may 
seem more common than the general population, they are not attributable to single agents. This reinforces the 
need for close follow-up monitoring in this patient population. 

This study was a cross-sectional retrospective analysis; therefore, it has several limitations. Firstly, cholesterol 
and serum creatinine levels were collected from the most recent clinic follow-up laboratory results; therefore, 
trends or fluctuations were not captured or evaluated. Secondly, the BP readings were taken from clinic readings, 
and discrepancies may exist from home readings if patients had white coat syndrome. In attempt to control for 
this possible discrepancy, three BP readings from the last 3 clinic visits were used to calculate the average BP 
for each patient. Thirdly, we made no attempt to evaluate or ensure compliance to medications directly. Howev-
er, compliance is routinely assessed at each follow-up clinic visit, and any evidence of non-adherence is docu-
mented. Fourthly, the appropriateness of a patient not being prescribed drug therapy was not evaluated. The 
avoidance of lipid-lowering or antihypertensive therapy may have been appropriate if there was an absolute 
contraindication. And finally, since this was a cross-sectional evaluation of the management of hyperlipidemia 
and hypertension, we cannot draw conclusions regarding how successful treatments to guideline targets have 
impacted clinical outcomes such as ACAD. Nevertheless, the rate of ACAD diagnosed in our study population 
(22.3%) appears to be significantly lower than reported in the literature (53% by 10-year), which may be the re-
sult of our high degree of success in modifying these risk factors. 

5. Conclusion 
It is possible to successfully achieve the guideline recommended LDL-cholesterol target of <2 mmol/L and the 
recommended BP target of <140/90 mmHg (or <130/80 mmHg for diabetic patients) in a significant proportion 
of OHT recipients. The high utilization rates of statins for dyslipidemia and ACE-Is (or ARBs) and diltiazem for 
hypertension were consistent with the CCS consensus recommendations for the prevention of ACAD. Despite 
concerns regarding the potential for pharmacokinetic drug interactions due to complex poly-pharmacy in OHT 
patients, the reported rates of any drug intolerance to the medications were low in our population. 
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