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INTRODUCTION

Cardiac allograft dysfunction due to rejection is a poten-
tially fatal phenomenon that requires rapid evaluation and
treatment. Myocardial steatosis refers to the accumulation
of lipids in the myocardium and can be defined as macrove-
sicular or microvesicular depending on the lipid droplet size.
We report on 3 patients who presented with acute severe
cardiac allograft dysfunction and microvesicular steatosis.

CASE REPORT

Patient 1

A 16-mo-old girl with a history of restrictive cardiomyopa-
thy probably associated with MHY7 mutation presented with
cardiogenic shock 1 mo after heart transplantation because of
severe biventricular dysfunction. The patient had preexisting
donor-specific antibodies (DSAs), but repeat DSA testing on
admission revealed de novo DSAs and increased mean fluores-
cence intensity of preexisting DSAs (Table 1). She was started
on intravenous milrinone and treated with high-dose corticos-
teroids for presumed acute allograft rejection. Endomyocardial
biopsy (EMB) showed mild acute cellular rejection (ACR)
(International Society for Heart and Lung Transplantation
[ISHLT] grade 1R) with negative immunofluorescence staining
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for markers of antibody-mediated rejection (AMR)—C3d and
C4d; however, the myocytes showed numerous small vacuoles
in the sarcoplasm on hematoxylin and eosin that stained posi-
tive for fat on oil red O (ORO) stain in frozen sections. The ini-
tial working diagnosis was microvesicular steatosis, probably
related to an adverse drug reaction. Her medications included
mycophenolate, tacrolimus, sulfamethoxazole-trimethoprim,
valganciclovir, Nystatin, melatonin, furosemide, and famoti-
dine. Given previous reports of calcineurin inhibitors (CNIs)
associated with hepatic steatosis after liver transplant, tacroli-
mus was held.! There were no rash or eosinophilia on admis-
sion. Notably, the patient was not on steroids per standard
pediatric transplant protocol. Laboratory findings were not
consistent with carnitine deficiency. Liver enzymes were nor-
mal, and ultrasound and liver biopsy did not reveal hepatic
steatosis. Over the next few days, cardiac function and hemo-
dynamics improved, and immunosuppressants were restarted.
On hospital day 9, she progressed to worsening cardiogenic
shock. Repeat cardiac biopsy still exhibited microvesicular ste-
atosis but was less extensive; however, immunofluorescence for
C3d and C4d were now positive, and DSAs continued to rise.
Plasmapheresis and intravenous immunoglobulin (IVIG) were
administered. Hemodynamics recovered, DSA values stabilized,
and a third cardiac biopsy showed resolution of microvesicular
steatosis. She was discharged on hospital day 33. The patient
has been doing well with no recurrent allograft dysfunction
or pathologic findings of microvesicular steatosis in the sub-
sequent 6 y. There has been no evidence of cardiac allograft
vasculopathy in recent follow-up coronary angiograms.

Patient 2

An 8-y-old girl with dilated cardiomyopathy presented
with dyspnea, epigastric discomfort, and emesis 4 mo after
her second heart transplant with cardiogenic shock because
of severe biventricular dysfunction.

The patient received high-dose corticosteroids and intrave-
nous milrinone. EMB performed on day 1 of hospitalization
revealed moderate ACR (ISHLT grade 2R) and no histo-
pathological or immunopathological evidence of AMR. DSA
testing on admission did not show de novo DSAs or increased
intensity of preexisting DSAs (Table 1). Acylcarnitine pro-
file showed reduced concentrations of total and free car-
nitine in plasma (carnitine: 15.8 umol/L [29.1-73.0];
free carnitine: 10.9 pmol/L [23.3-57.9]) and urine (carni-
tine, total: 52.97 umol/g creatinine [62.2-369.3]; carnitine,
free: 3.54 umol/g creatinine [7.7-254.1]). Six years prior,
the patient had a normal serum carnitine profile.
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Patient characteristics

Case 1 Case 2 Case 3
Age 16 mo 8y 61y
Gender Female Female Female
Presentation after transplant (mo) 1 4 27
Baseline immunotherapy MMF MMF MMF
Tacrolimus Prednisone Prednisone
Tacrolimus Tacrolimus

Donor: age, gender; cause of death;
left ventricular ejection fraction

19 mo old, female; MVA; LVEF 63%

Recipient/donor CMV +
CMV PCR on admisssion Negative
Recipient/donor EBV /-
LVEF on presentation 45%
WBC (k/pL) 5.32
Hemoglobin (g/dL) 8.1
BUN (mg/dL) 40
Creatinine (mg/dL) 0.41
Bilirubin (mg/dL) 0.4
AST (U/L) 47
ALT (UL) 41

CK (U/L) 146
Troponin T (ng/mL) 0.979

DSAs before admission
De novo DSAs (median fluorescence

Yes: DQ 9 (3000)
Yes: A26 (5229 and C1Q positive), B58 (3042),

intensity) Cw15 (2668), DR13 (1380), and DQ9 (7417)
DSA intensity on admission Higher
ACR 1R
AMR Initially negative C3d/C4d; subsequent positive
(C3d/C4d
MCS No
Treatment
Pulse steroids Yes
Thymoglobulin No
Plasmapheresis Yes
IVIG Yes
Rituximab No
Outcome Alive and well

12 y old, male; MVA; LVEF 60% 28y old, female; MVA; LVEF 55%

+ +/+

Negative Negative

+/+ +

44% 15%

10.90 13.19

10.1 8.6

46 37

1.62 2.92

0.4 0.2

33 20

32 41

134 77

0.62 0.260

Yes DQ 6 No

No Donor-specific HLA antibodies to B8 (2008), DQ4
(1465), de novo Cw7 (5007), and de novo
DQ2 (8841)

DSA to DQ6 is no longer MFI from previous DSA decreasing

detectable.

2R 1R

Negative C3d/C4d Negative C3d/C4d

No Impella

Yes Yes

No Yes

Yes Yes

Yes Yes

Yes No

Expired during admission Expired during admission

ACR, acute cellular rejection; ALT, alanine transaminase; AMR, antibody-mediated rejection; AST, aspartate transaminase; BUN, blood urea nitrogen; CK, Creatine kinase; CMV, cytomegalovirus; DSA,
donor-specific antibody; EBV, Epstein-Barr virus; IVIG, intravenous immunoglobulin; LVEF, left ventricular ejection fraction; MCS, mechanical circulatory support; MFI, mean fluorescence intensity; MMF,
mycophenolate mofetil; MVA, motor vehicle accident; PCR, polymerase chain reaction; WBC, white blood cell count.

The patient’s hemodynamics deteriorated, requiring multiple
inotropic and vasopressor agents. Although the biopsy did not
suggest AMR, she was started on plasmapheresis, IVIG, and
rituximab in the setting of refractory shock. Despite aggressive
therapy, the patient progressed into multisystem organ failure
and expired on hospital day 27. Postmortem tissue analysis
found extensive vacuolization of the cardiomyocytes, hepat-
ocytes, and renal tubular epithelial cells. ORO staining con-
firmed microvesicular steatosis in these cells. The donor’s heart
showed mild cellular rejection, negative C3d and C4d staining,
and no evidence of allograft vasculopathy. Previous heart allo-
graft did not show evidence of microsteatosis.

Patient 3

A 61-y-old woman with a history of heart transplant 2
y prior for advanced heart failure due to nonischemic car-
diomyopathy presented to the Emergency Department with
cardiogenic shock. Five weeks before presentation, she was

diagnosed with COVID-19 by polymerase chain reaction test
via nasopharyngeal swab and reported mild symptoms. Left
ventricular ejection fraction was 15%. Repeat SARS-CoV-2
nasopharyngeal swab polymerase chain reaction test was neg-
ative. She was given high-dose corticosteroids, antithymocyte
globulin, dobutamine, and an intra-aortic balloon pump was
placed. Mechanical circulatory support was exchanged for an
axillary Impella 5.5 due to refractory shock. EMB on the first
day of her hospitalization showed ACR ISHLT grade 1R and
no AMR. There was focal mild myocyte vacuolization positive
for ORO staining, consistent with microvesicular steatosis.
Admission DSA testing revealed de novo DSAs with sig-
nificantly elevated mean fluorescence intensity (Table 1). She
had no DSAs and no history of AMR before this admission.
After initial therapies, the patient improved allograft func-
tion to left ventricular ejection fraction 35%, and hemody-
namics allowed mechanical and inotropic support removal.
Repeat biopsy on hospital day 9 revealed more extensive
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microvesicular steatosis, markedly increased from the previ-
ous biopsy, with stable ACR and no AMR (Figure 1A and B).
Cardiogenic shock recurred, requiring inotrope and intra-aor-
tic balloon pump. She underwent plasmapheresis and IVIG.
Additional EMB on hospital day 16 did not show any change
in ACR and still no AMR, but there was a significant reduc-
tion in microvesicular steatosis (Figure 1C). Electron micros-
copy did not reveal viral particles (Figure 1D). The patient
developed intracranial hemorrhage on hospital day 21 and
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multisystem organ failure, and she expired on hospital day
29. An angiogram performed 12 mo before admission showed
no evidence of cardiac allograft vasculopathy.

DISCUSSION

To our knowledge, this is the first report describing the
presence of myocardial microvesicular steatosis in patients
presenting with severe cardiac allograft dysfunction.

FIGURE 1. Pathology of microvesicular steatosis. A, Frozen section of transplant biopsy of patient 3 showing multiple small vacuoles in the
sarcoplasm of the myocytes. B, Oil red O stain reveals accumulation of fat stained in red corresponding to the empty vacuoles seen on the
H&E slide in A. C, Follow-up biopsy shows resolution of the microvesicular steatosis. D, Electron microscopy reveals no abnormalities of the
mitochondria, absence of fat vacuoles, and absence of viral particles. H&E, hematoxylin and eosin.
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In humans, myocardial steatosis has been reported in coro-
nary artery disease and aortic stenosis.>* Decreased fatty acid
utilization, reduced energy production by a reduction in the
respiratory chain and adenosine triphosphatase activity, and
decreased availability of high energy phosphates are among
the metabolic abnormalities described in heart failure.
Animal models have shown that cardiac-restricted long-chain
acyl CoA synthase overexpression, administration of pyru-
vate kinase inhibitors, and inactivation of pituitary adenylate
cyclase-activating polypeptide can all disrupt mitochondrial
fatty acid metabolism and lead to lipid vacuolization in mul-
tiple tissues, including the heart, liver, and skeletal muscle.>”

Microvesicular fat accumulation in multiple organs is a
hallmark of Reye syndrome.®!° This disorder is characterized
by rapidly progressive encephalopathy, usually occurring after
recovery from a viral illness, such as influenza and varicella,
and is strongly associated with salicylate use.!! Neither of the
pediatric patients in our cohort had known salicylate exposure.

In patient 1, CNI were placed on hold because of their poten-
tial relationship with microsteatosis in liver transplantation.!?
The adverse metabolic effects of CNI have been well described.
Still, their link to the development of steatosis is uncertain.'
Drugs that have been associated with microvesicular steato-
sis include amiodarone, aspirin, steroids, and ibuprofen. Our
patient was not exposed to any other potential medication.
Holding the CNI leads to the expression of graft rejection as
the possible mechanism of allograft dysfunction. The relation-
ship of microsteatosis as an initial marker of metabolic stress
in the context of early rejection cannot be ruled out.

In patient 2, moderate cellular rejection and allograft dysfunc-
tion were the presenting features and clinical course worsening
despite aggressive immunosuppression. Microvesicular steatosis
in cardiac allograft, liver, and kidneys makes the case of immuno-
logical mediated injury unlikely. Interestingly, acylcarnitine serum
levels were low despite normal serum concentrations 6 y prior.
The link between hemodynamic stress, multiorgan failure, and
acquired carnitine deficiency leading to multiorgan microsteato-
sis has not been described but is biologically plausible.!?

Patient 3 presented with severe allograft dysfunction
and microsteatosis that resolved with antirejection therapy.
Whether hemodynamic stress or biopsy-negative rejection
were the causes leading to steatosis is unknown.!* Patient 3
was on daily aspirin 81 mg, but there is no known evidence
suggesting adult salicylate use is a risk factor for Reye syn-
drome. Patient 3 did acquire a viral illness with COVID-19
5 wk antecedent to her admission. COVID-19 myocarditis
has led to cases of cardiogenic shock, and viral particles of
SARS-CoV-2 have been identified within the myocardium';
however, no viral particles were discovered on the electron
microscopy of patient 3. Myocardial microvesicular lipid infil-
tration has been reported in a case of toxic shock syndrome,
but none of our patients met the criteria for this condition.'®

Gene expression profiling studies have shown that myo-
cardial samples obtained during an episode of rejection
have decreased activity of mitochondrial-related genes and
increased activity of immune response genes.!” Chronic
tumour necrosis factor-alpha exposure alters mitochondrial
function through the activation of nuclear factor-kappa B.'®
Anticardiac antibodies directed against ATP synthase have
been reported in end-stage heart failure.”” A potential diag-
nostic and therapeutic approach to microsteatosis in an EMB

www.transplantationdirect.com

includes: (1) rule out potential medications associated with
steatosis; (2) evaluate the presence of metabolic disorders
related to steatosis; (3) evaluate and treat causes of metabolic
stress such as allograft rejection and cardiogenic shock.

Magnetic resonance spectroscopy can measure myocar-
dial triglyceride content and correlates well with histological
quantification providing a potential tool for the noninvasive
diagnosis of myocardial steatosis.?

In conclusion, we reported 3 cases of microsteatosis detected
in the EMB sample obtained in the context of cardiac allo-
graft dysfunction. Further research is needed to understand
the significance and potential links between microvesicular
steatosis and cardiac allograft dysfunction and whether these
findings may be a response to injury or treatments.
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