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A B S T R A C T

Patients require immunosuppression after heart transplantation. Conditions such as

Crohn's disease can impact tacrolimus absorption and pharmacokinetics. Subtherapeutic

tacrolimus levels can lead to rejection and development of donor-specific antibodies (DSA),

resulting in the development of cardiac allograft vasculopathy. We present a boy who un-

derwent an ABO blood groupincompatible heart transplant at 10 months of age, and

developed diarrhea and subtherapeutic tacrolimus levels with subsequent development of

de novo DSA, and then acute cellular and antibody-mediated rejection. He was diagnosed

with Crohn's disease, which required vedolizumab for control. Despite aggressive reduction

of his DSA, he developed rapidly progressive cardiac allograft vasculopathy and required

retransplant, with a high prevalence of plasma cells in the explanted heart. Donor-directed

blood group antibodies remained negative. This case demonstrates the importance of early

consideration of inflammatory bowel disease for patients with diarrhea and subtherapeutic

tacrolimus levels, as prompt diagnosis and treatment may prevent secondary graft injury.
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1. Introduction

Cardiac allograft vasculopathy (CAV) develops in approxi-
mately one-third of pediatric heart transplant (HTx) patients
within 10 years post-HTx.1 The development of CAV involves
the complex interplay between immunological and non-
immunological factors.1 Development of donor-specific anti-
bodies (DSA) can lead to acute antibody-mediated rejection
(AMR), which is associated with increased risk of CAV.2 In
contrast, ABO blood groupincompatible HTx is not associated
with increased risk of rejection or CAV compared with
ABO-compatible HTx.3

Crohn's disease is a form of inflammatory bowel disease (IBD)
that typically affects the terminal ileum and proximal colon.4 It
rarely occurs in children on immunosuppression, as agents such
as tacrolimus have been shown to be effective in the management
of Crohn's disease.5 Tacrolimus is part of the standard post-HTx
immunosuppression regimen and is metabolized by P-glycopro-
tein and CYP3a in the small intestinal wall and the liver.6,7

We present a case in which a pediatric recipient of an ABO-
incompatible HTx developed Crohn's disease, with subsequent
reduced tacrolimus absorption. As a consequence of this, he
developed de novo DSA and rapidly progressive CAV and graft
failure in the absence of anti-donor ABO antibodies.
2. Case

A 10-month-old boy underwent an ABO-incompatible (donor
blood group ABO-A, recipient ABO-O) HTx for dilated cardio-
myopathy. He had an uncomplicated early post-HTx period with
no evidence of DSA, acute cellular rejection (ACR), AMR, or CAV
at his 1-year post-HTx review. He asymptomatically acquired
cytomegalovirus (CMV) at around this time with a negative viral
load. He developed diarrhea and a perianal abscess 15 months
post-HTx, with tacrolimus trough levels dropping to 4 ng/mL
(target: 6-8 ng/mL) and remained there for 4 weeks, despite dose
increases and no medication adherence concerns. His
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mycophenolate mofetil doses were above 20 mg/kg/day. He
developed persistent tachycardia and new electrocardiogram
changes in keeping with an ectopic atrial tachycardia (Fig. 1), 18
months post-HTx, raising concerns for rejection. A biopsy
demonstrated International Society for Heart and Lung Trans-
plantation criteria for ACR 2R and AMR 2. De novo DSA was
detected against human leukocyte antigen A2, DR7, DR51, and
DQ9. His anti-A antibody titer remained at 1:1. He underwent
AMR therapy as demonstrated in Figure 2, with repeat biopsy 1
month later showing ACR 0R and AMR 0. Coronary angiography
at this time revealed no CAV. Within 9 months of this angiogram,
he rapidly progressed to the International Society for Heart and
Lung Transplantation classification CAV 3 (Fig. 1). He had
ongoing arrhythmias and developed evidence of diastolic
dysfunction on the echocardiogram. His immunosuppression
therapy was escalated from tacrolimus/mycophenolate mofetil to
tacrolimus/sirolimus to reduce CAV progression. He was addi-
tionally commenced on oral steroids at higher than usual post-
HTx doses in context of his gastrointestinal issues.

In parallel to this, he developed a second perianal abscess,
with ongoing intermittent diarrhea and underwent 2 colonos-
copies and biopsies, resulting in a diagnosis of Crohn's disease,
1-year after the onset of symptoms, in the context of a family
history negative for IBD or other associated autoimmune condi-
tions. His Crohn's disease proved steroid-dependent, despite the
use of sulfasalazine, however responded well to vedolizumab, an
alpha-integrin inhibitor.

With worsening cardiac status, he was listed and underwent
retransplantation 3 years after the primary transplant, from an
ABO-compatible donor with a negative crossmatch. The explan-
ted heart demonstrated a high burden of plasma cells despite the
confirmed absence of B cells in peripheral blood. Now, 5 years
post-retransplant, he has no evidence of rejection or CAV, his
gastrointestinal symptoms remain controlled on monthly vedoli-
zumab and sulfasalazine therapy, and tacrolimus levels remain
within the therapeutic target. He has not developed DSA to his
second graft and his anti-A antibody titer has increased to 1:8.
Figure 1. Cardiac investigations at baseline
and after development of de novo DSA.
Figure 1A Cardiac angiograms at baseline
and at 9 months after the development of de
novo donor-specific antibodies (DSA). (A)
Selective coronary angiogram 1 year post-
transplant demonstrating a normal left coro-
nary artery. (B) Selective coronary
angiogram 1 year posttransplant demon-
strating a normal right coronary artery. (C)
Selective coronary angiogram 9 months after
the detection of de novo DSA demonstrating
>50% stenosis of both branches of the left
coronary artery. (D) Selective coronary artery
angiogram 9 months after detection of de
novo DSA demonstrating complete occlusion
of the right coronary artery. Figure 1B Elec-
trocardiograms (ECGs) at baseline and at
time of development of de novo DSA (A)
Baseline ECG at 1 year posttransplant
demonstrating sinus rhythm. (B) ECG at time
of development of de novo DSA demon-
strating ectopic atrial tachycardia.



Figure 2. DSA and anti-A antibody trends. Demon-
strates the trend of de novo donor-specific antibodies
(DSA) and anti-A antibodies over time and response
to anti-rejection therapy with steroids (for acute
cellular rejection component), B cell depletion with
rituximab and immune modulation with intravenous
immunoglobulin (IVIG), and the evolution of baseline
immunosuppression. It further examines the impact of
an ABO-incompatible (ABO-i) transplant on anti-A
antibodies, and how they develop following removal
of the ABO-A graft when an ABO-compatible trans-
plant was performed. It additionally highlights the key
points in the development of CAV and Crohn disease.
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3. Discussion

Crohn's disease in a pediatric HTx recipient is rarely reported
and is unusual to develop in a child receiving immunosuppres-
sion. This comorbid condition was the likely cause of his sub-
therapeutic tacrolimus levels, subsequent rejection, development
of de novo DSA, and rapid CAV progression.

Subtherapeutic tacrolimus levels can be detrimental to graft
survival, with patients being 6.9 times more likely to experience
acute rejection within 2 weeks after a subtherapeutic tacrolimus
level and 6.1 times more likely to experience acute rejection
within 3 months.6 Children presenting with diarrhea (usually in-
fectious) typically have elevated tacrolimus levels due to reduced
CYP3a activity along the intestinal wall causing increased
tacrolimus absorption. In contrast, in our patient with diarrhea as
a symptom of IBD, reduced tacrolimus absorption appeared to be
the dominant effect. The gut microbiome has been demonstrated
in animal models to be associated with tacrolimus absorption,
potentially associated with alterations in the expression of
P-glycoprotein.7 As Crohn's disease is known to alter the gut
microbiome,8 it is possible that in this case the alterations
resulted in increased expression of P-glycoprotein and subse-
quently reduced tacrolimus absorption and development of
rejection.

A diagnosis of Crohn's was particularly challenging to make in
our patient, given the negative family history. What is of interest is
that he acquired CMV several months prior to the development of
diarrhea and his first perianal abscess. There is some evidence
in adult literature that acute CMV infection may trigger the
development of IBD, so potentially this was the trigger, despite
the absence of a CMV viral load or presence of CMV in the bi-
opsy samples.9

In our patient, despite early and intense DSA-reducing ther-
apies and the absence of AMR in subsequent biopsies, we were
unable to prevent the progression of CAV and subsequent graft
loss. The presence of plasma cells in the explanted heart,
despite complete depletion of peripheral B cells, demonstrates
that the highly activated plasma cells in the graft, with continuous
antigen stimulation, may not be eradicated by B cell depleting
and immune-modulating therapies. As presence of plasma cells
in coronary biopsies is associated with CAV,10 this highlights the
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need for aggressive management. Treatment with proteasome
inhibitors (eg, bortezomib) is typically not first-line due to the risks
of peripheral neuropathy11 (although in our case, this was
being considered at the time of retransplant); however, in light of
the histopathology, we would consider earlier use of this or
anti-CD38 antibodies (eg, daratumumab), should we be pre-
sented with this case again. We additionally wonder whether the
proinflammatory state from Crohn's disease may have contrib-
uted to the rapid development of CAV, given the difficulty with
gaining control of his disease,12 or whether the microbiota, which
is known to be associated with graft outcome in solid organ
transplatations,13 may have been altered by his Crohn's disease
to unfavorably impacted his graft survival.

It is also notable that despite the immune activation against
his heart graft, antibodies against his donor blood group were
not stimulated; his anti-A titers remained absent until explant of
the heart, following which they began to develop after implanta-
tion of a blood group O heart. This is in keeping with
previous literature, which suggests that for patients who receive
an ABO-incompatible HTx, there is modulation of the normal
isohemagglutinin response independent of B cell suppression,
which persists as long as the donor heart remains in the
recipient.14

Suitability for retransplantation is challenging, especially in
patients with earlier graft failure.15 By identifying Crohn's disease
as the cause of his tacrolimus malabsorption and controlling his
symptoms with vedolizumab, the gastrointestinal situation did not
represent a contraindication to retransplantation. The clear as-
sociation of the CAV with the AMR and de novo DSA allowed for
the hypothesis that selection of a second graft that did not ex-
press these human leukocyte antigen specificities would provide
an acceptable immunological risk and likely absence of AMR
recurrence. The 5-year course without AMR, absence of DSA to
the second graft, and absence of CAV supports the clinical de-
cision to offer retransplantation. In addition, we would advocate
for having a low threshold for referring patients to gastroenter-
ology services for further investigations in the event of patients
presenting with low tacrolimus levels and gastrointestinal symp-
toms. Prompt diagnosis of an underlying IBD and effective
treatment may result in prevention of subtherapeutic immuno-
suppression and subsequent graft injury.
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