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Progressive Left Ventric
ular Hypertrophy after 
Heart Transplantation:
Insights and Mechanisms 
Suggested by Multimodal Images

Immunosuppression is the typical measure to prevent rejection after heart transplantation. 
Although rejection is the usual cause of cardiac hypertrophy, numerous other factors war-
rant consideration. Calcineurin inhibitors rarely cause hypertrophic cardiomyopathy; the few 
relevant reports have described children after orthotopic kidney or liver transplantation. We 
present the case of a 73-year-old woman, an asymptomatic orthotopic heart transplantation 
patient, in whom chronic immunosuppression with prednisone and cyclosporine apparently 
caused a phenotype of hypertrophic cardiomyopathy. The natural course of her midapi-
cal hypertrophy was revealed by single-photon-emission computed tomography, positron-
emission tomography, and 2-dimensional echocardiography.

Clinicians and radiographers should be alert to progressive left ventricular hypertrophy 
and various perfusion patterns in heart transplantation patients even in the absence of un-
derlying coronary artery disease. Toward this end, we recommend that advanced imaging 
methods be used to their fullest extent. (Tex Heart Inst J 2016;43(1):65-8)

H ypertrophic cardiomyopathy (HCM) is associated with sarcomere disarray 
and pathologic hypertrophy of the myocardium. Ischemic or f ixed perfu-
sion abnormalities in patients who have HCM and no substantial coronary 

artery disease (CAD) can indicate small-vessel disease or microvascular dysfunction. 
Acquired variants resembling the HCM phenotype have typically been seen in the 
presence of hypertensive heart disease, particularly in elderly patients.
 Years after an elderly woman had undergone orthotopic heart transplantation 
(OHT), we detected the natural development of an apical-variant HCM phenotype 
by analyzing images from single-photon-emission computed tomography (SPECT), 
2-dimensional echocardiography (TTE), and positron-emission tomography (PET). 
We describe the possible contribution of long-term cyclosporine and steroidal use to 
the patient’s acquired hypertrophy, and we review typical causes.

Case Report

A 73-year-old woman who had undergone OHT in 1990 was referred to our nuclear 
cardiology stress laboratory in July 2011. She was asymptomatic. This annual evalu-
ation for transplant vasculopathy included regadenoson rubidium82 PET rest–stress 
imaging (an off-label use in cardiac PET). The PET scan revealed substantial, revers-
ible perfusion defects in the mid-to-distal anterior and inferior left ventricular (LV) 
walls and apex; transient ischemic dilation was also confirmed (Fig. 1). The pattern 
on the rest images—normal perfusion along with preferential, marked uptake of 
radioisotope medium in the apical and mid ventricle—suggested midapical LV hy-
pertrophy (LVH).
 We reviewed the patient’s medical records since 1991. No donor-specific antibodies, 
biopsy results indicating cellular or humoral rejection, or substantial epicardial CAD 
were ever noted. She had undergone TTE annually after OHT. Her first TTE, in 
1991, showed no LVH; mild LVH was first reported in 1997. An electrocardiogram 
performed in 1997 showed right bundle branch block, LVH, and deep T-wave inver-
sions in a pattern typical of apical-variant HCM (Fig. 2).
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 The patient’s earlier SPECT scans (from 2004, 2005, 
and 2008) showed normal perfusion with enhanced 
isotope uptake in the mid apex of the LV; this sug-
gested apical or midapical hypertrophy. The SPECT 
study performed in 2009 revealed a subtle, reversible, 
distal, anteroapical perfusion defect (Fig. 3). To clarify 
this f inding, the patient had undergone dobutamine 
stress echocardiography in August 2010. Those results 
included preserved systolic function, no wall-motion 
abnormality, and midapical hypertrophy in a spade-
shaped LV (Fig. 4).
 The patient had developed hypertension soon after 
transplantation. In 1991, she was started on enalapril; in 
1996, bumetanide was added. In 2003, the enalapril 
was changed to candesartan, and carvedilol was added 
to the antihypertensive regimen in 2004. Over several 

years, the patient developed calcineurin-induced ne-
phropathy, so the candesartan was replaced with isosor-
bide dinitrate and hydralazine in 2006.
 Coronary angiograms from 1991 through 2000 had 
shown no signif icant transplant vasculopathy or ob-
structive CAD, so the patient had been treated medical-
ly. Her initial maintenance immunosuppressive therapy 
included cyclosporine, azathioprine, and prednisone 
(1990–1998). From 1998 on, the patient had complied 
with an immunosuppressive regimen of cyclosporine, 
mycophenolate mofetil, and prednisone. She had re-
mained completely asymptomatic, so her transplant 
physicians had recommended annual monitoring with 
the use of SPECT, PET, and contrast TTE.

Discussion

Cyclosporine and steroids, widely used for immunosup-
pression, have dramatically improved the outcomes of 

Fig. 4  In 2010, this 2-dimensional contrast echocardiogram 
(4-chamber view) showed a spade-shaped left ventricle with 
preferential severe hypertrophy of the apex and mid ventricle.

Fig. 3  In 2009, rest–stress single-photon-emission computed 
tomographic images showed a subtle reversible defect in the 
anterior and apical walls and a midapical hypertrophic pattern 
with enhanced isotope uptake.

Fig. 2  In 1997, this 12-lead electrocardiogram showed sinus 
rhythm, complete right bundle branch block, and deep T-wave 
inversions in the anterolateral precordial leads.

Fig. 1  In July 2011, regadenoson rubidium82 rest–stress positron- 
emission tomographic images show a large, severe perfusion 
defect involving the mid-to-distal anterior, inferior, and apical left 
ventricular walls. The rest perfusion images (bottom row) notably 
show a pattern of enhanced radiotracer uptake in the mid-to-dis-
tal anterior and inferior walls and in the apex, similar to the spade 
shape on 2-dimensional echocardiograms and ventriculograms 
in patients who have apical-variant hypertrophic cardiomyopathy.
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transplant patients; however, these drugs might have 
contributed to this patient’s midapical-variant HCM.
 Several mechanisms might underlie the development 
of cardiac hypertrophy after OHT. One is systemic, 
hypertension-induced LVH after OHT. Another is 
immune injury and cytokines produced by the trans-
planted heart.1 A third is the independent contribution 
of immunosuppressive agents.
 We think that our patient’s HCM resulted from a 
variety of factors, including chronic exposure to im-
munosuppressants for at least 12 years. Calcineurin 
inhibitors are known to cause side effects such as renal 
impairment, disturbances of glucose metabolism, and 
neurologic sequelae. A less frequent side effect is car-
diotoxicity, including the development of symmetric 
HCM in children years after kidney and liver trans-
plantation and subsequent immunosuppression with 
tacrolimus.2-5 As part of immunosuppressive regimens 
in patients who were given bone marrow to suppress 
graft-versus-host disease, chronic cyclosporine therapy 
has been associated with LVH and increased LV mass.6

 Cyclosporine-induced LVH has been associated with 
systemic hypertension. Our patient’s hypertension was 
managed with 2 blood pressure medications. Neverthe-
less, cyclosporine might have a direct vasoconstrictive 
effect on both the renal and systemic circulations.7,8 
Postulated mechanisms include changes in prostaglan-
din synthesis and activation of the renin-angiotensin 
and sympathetic nervous systems. In addition, steroids 
can cause HCM that typically resolves after steroidal 
therapy is discontinued.9

 Stetson and colleagues1 have proposed that LVH in 
OHT patients might be due to a persistent expression 
of tumor necrosis factor-α (TNF-α), which induces the 
expression of angiotensin II—a known mediator of fi-
brosis and cardiac hypertrophy. Levels of total collagen, 
collagen I, and collagen III were also increased in OHT 
patients who had elevated TNF-α levels. In association 
with those changes in collagen content, the investigators 
postulated that the hypertrophy was secondary to in-
creased cell size and the extracellular matrix deposition 
of collagen. In that study, patients with high myocardial 
TNF-α content still had preserved systolic function.1 
On the basis of previous evidence in intact hearts of 
TNF-α’s role in increasing protein synthesis and induc-
ing angiotensin II,10,11 one could extend this concept to 
the phenomenon of induced LVH after OHT.
 In our patient, multimodal images clearly showed the 
progression of LVH from mild to severe. An apical-vari-
ant HCM phenotype appeared as a midapical, increased 
perfusion pattern on SPECT, and PET revealed the pro-
gressive development of a dramatic ischemic pattern. 
Ward and colleagues12 noted a “solar polar” SPECT 
pattern at the apex during their evaluation of HCM, 
particularly the apical variant.11 However, to our knowl-
edge, no investigators have described the role of SPECT 

or PET in evaluating acquired HCM of a midapical 
variant in OHT patients who were taking calcineurin 
inhibitors and steroids.
 Although multiple mechanisms might have been 
involved, our theory—on the basis of the prior evi-
dence—is that the calcineurin inhibitors and steroids 
contributed to our patient’s LVH. The classic distribu-
tion of increased radiotracer uptake with normal perfu-
sion patterns in the mid apex of the LV on the 3 earliest 
SPECT scans, the subtle anteroapical perfusion defect 
apparent on the 2009 SPECT scan, and thereafter the 
substantial worsening of the ischemic area in the same 
hypertrophied region as seen on PET, all probably indi-
cate profound microvascular flow-reserve abnormalities 
precipitated by vasodilator stress. The dobutamine stress 
echocardiogram showed no pressure gradient.
 Echocardiography, SPECT, and PET all helped to 
clarify the course of the HCM-like phenotype and note-
worthy complications in our OHT patient. Perfusion 
imaging can reveal the progressive LVH and ischemic 
patterns that can appear in OHT patients even in the 
absence of underlying CAD. The numerous possible 
causes of hypertrophic response should alert clinicians 
caring for OHT patients to use multimodal imaging to 
its fullest extent.
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