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Intracoronary Radiation to Treat In-Stent Restenosis in
Six Cardiac Transplant Patients

Mark A. Grise,1 MD, John P. Reilly,1 MD, Jonathan M. Tobis,2 MD, Yuzuru Takano,2 MD,
Jesse W. Currier,2 MD, Jon A. Kobashigawa,2 MD, Giora Weisz,3 MD, Jeffrey W. Moses,3 MD,

Martin B. Leon,3MD, Alan Yeung,4 MD, and Paul S. Teirstein,1*†
MD

Transplant vasculopathy significantly limits the survival of cardiac transplant patients
and occurs in 50% of patients by 5 years posttransplant. We report our experience with
six cardiac transplant patients who underwent intracoronary brachytherapy for in-stent
restenosis. At four centers, six patients underwent intracoronary radiation for in-stent
restenosis. All patients received extended antiplatelet therapy with clopidogrel and as-
pirin. Follow-up angiography was performed in all patients. Two of the six patients
underwent subsequent target lesion revascularization. Patient 1 presented with total
occlusion of her radiated lesion. She had a complex procedure requiring stenting for a
dissection after the radiation dwell. Patient 2 had high-grade restenosis following brachy-
therapy. Patient 3 had a 50% restenotic lesion. Patients 4, 5, and 6 had follow-up
angiography that showed no evidence of restenosis. There are few good options to
treated accelerated transplant vasculopathy. Radiation therapy may be a viable option in
this difficult patient population. Catheter Cardiovasc Interv 2003;60:41–44.
© 2003 Wiley-Liss, Inc.
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INTRODUCTION

Cardiac allograft vasculopathy (CAV) is the leading
cause of death in heart transplant recipients and a fre-
quent cause of retransplantation. Its prevalence, as de-
tected by angiography, is 40–50% by 5 years posttrans-
plant, and in some autopsy studies 100% of patients show
some evidence of transplant vasculopathy [1–3]. There is
limited effective medical therapy for CAV; diltiazem,
pravastatin, and simvastatin demonstrated only moderate
efficacy [4–6]. Several small studies have evaluated the
role of angioplasty and stenting for the treatment of
CAV; however, this approach is limited by high rates of
restenosis [7–10].

Intracoronary radiation is a well-established treatment
of in-stent restenosis in nontransplanted patients [11–15].
The objective of this report is to describe the outcome
following intracoronary radiation therapy for in-stent re-
stenosis in heart transplant patients.

CASE REPORTS

A total of six patients were treated at four institutions
(two each at Scripps Clinic and UCLA Center for Health
Sciences, and one each at Lenox Hill and Stanford Uni-
versity). Prior to coronary radiation, five of the six pa-
tients were treated with the Cutting Balloon (Scimed,

Maple Grove, MN) and one patient was treated with the
FX Minirail (X-Technologies, Tustin, CA) to achieve an
adequate lumen with a � 10% residual stenosis. One
patient received a new stent at the time of radiation for an
edge dissection. Patients received either gamma radiation
(Cordis, Miami, FL; three patients) or beta radiation
(Novoste, Norcross, GA; three patients), depending on
operator preference and institutional availability. All pa-
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tients were prescribed extended antiplatelet therapy (� 6
months) with clopidogrel and aspirin. Follow-up was
obtained by reviewing all medical records, subsequent
angiograms, procedures, and patient phone contact.

RESULTS

Between December 2000 and October 2001, six car-
diac transplant recipients at four institutions were treated
with intracoronary radiation to treat in-stent restenosis.
Baseline clinical characteristics of the six patients are
displayed in Table I. All six patients had follow-up
angiography.

Of the six patients, two (33.3%) underwent subsequent
target lesion revascularization (Table II). Patient 1 under-
went intracoronary radiation to the right coronary artery. At
the time of her radiation therapy, a new stent was placed at
the radiation site to treat an edge dissection that was dis-
covered following the radiation dwell. She received aspirin
and clopidogrel as prescribed. She presented 119 days fol-
lowing radiation with increasing dyspnea. Angiography re-
vealed a complete occlusion of the right coronary artery at
the previously irradiated site. There was no myocardial
infarction. She was treated with intravenous abciximab and
balloon dilatation. Patient 2 underwent intracoronary radi-
ation of his left anterior descending artery. At 251 days
posttreatment, angiography performed for increasing dys-
pnea revealed that the LAD was subtotally occluded at the
irradiated area. Two months later, he received rapamycin-
eluting stents as part of a compassionate use protocol.
Patient 3 underwent follow-up angiography at 204 days,

which revealed a 50% diameter stenosis within the radiation
segment that was not intervened on. The patient was asymp-
tomatic and doing well. Patient 4 underwent radiation to his
LAD. He returned for follow-up angiography at 263 days
and no renarrowing was observed. Patient 5 underwent
radiation to the left circumflex. He had angiography at 154
days, which revealed no evidence of restenosis in the target
vessel. Patient 6 underwent radiation to the proximal LAD.
His follow-up angiogram at 231 days showed no evidence
of restenosis, and clinically he was asymptomatic.

DISCUSSION

CAV is the leading cause of morbidity in transplant
recipients and there are currently no satisfactory thera-
peutic options to treat this entity [1–3]. CAV manifests as
an accelerated form of coronary disease affecting both
intramyocardial and epicardial arteries. Rapid develop-
ment of CAV within 1 year of transplantation portends a
poor prognosis and is associated with a high rate of major
clinical events [16]. Most transplanted patients do not
experience anginal pain; thus, the first clinical manifes-
tations of CAV are often congestive heart failure, ven-
tricular arrhythmias, or sudden death [17]. At 1, 2, and 4
years posttransplantation, the incidence of angiographi-
cally visible CAV is 11%, 22%, and 45%, respectively.
Intimal thickening can be detected with the use of intra-
vascular ultrasound in up to 75% of transplanted patients
by 1 year [16,18].

Several groups have reported success using percuta-
neous therapies, including stenting, to treat obstructive

TABLE I. Baseline Characteristics

Patient Age Sex

Years from
transplantation

to radiation
Reason for

transplantation

Number of
previous

restenoses Diabetes

1 55 F 9 Idiopathic dilated 2 No
2 58 M 7 Familial cardiomyopathy 3 No
3 27 M 5 Familial cardiomyopathy 1 No
4 74 M 8 Valvular cardiomyopathy 2 No
5 61 M 10 Ischemic cardiomyopathy 2 No
6 53 M 16 Idiopathic dilated 0 No

TABLE II. Outcomes and Treatment Characteristics

Patient Vessel
Days from radiation to
follow-up angiogram

Target lesion
revascularization

Vessel diameter
(mm) Radiation source

Length of radiation
source (mm)

1 RCA 119 Yes 3.75 Sr80/Y90 40
2 LAD 251 Yes 3 Ir192 71
3 PDA 204 No 3 Sr80/Y90 40
4 LAD 263 No 2.75 Ir192 39
5 LCx 154 No 3.5 Ir192 55
6 LAD 231 No 3.5 Sr80/Y90 30
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allograft vasculopathy. Sandhu et al. [9] reported the
outcomes of eight transplanted hearts undergoing 10
successful PTCA procedures. Six of these 10 lesions
were studied angiographically 4 or more months after
PTCA. One was restenosed, and one could not be eval-
uated due to complete occlusion of the proximal vessel.
The other four PTCA sites were patent, without signifi-
cant restenosis. Four of the eight patients died between 3
and 36 months postprocedure (three sudden deaths and
one due to progressive heart failure), underscoring the
high mortality in patients with CAV.

Thirteen medical centers retrospectively analyzed their
experience with percutaneous coronary angioplasty, di-
rectional coronary atherectomy, and coronary artery by-
pass surgery in transplant patients [10]. Coronary angiog-
raphy was undertaken in 66 patients. Angiographic
success (� 50% residual stenosis) was achieved in 153
(94%) of 162 lesions; however, there were two peripro-
cedural deaths due to myocardial infarction. Atherec-
tomy was successfully performed in 9 (82%) of 11 le-
sions, but there were two periprocedural deaths. Bypass
surgery was undertaken in 12 patients. Four patients died
perioperatively and seven patients were alive at 9 � 7
months after the operation. Forty (61%) of the 66 patients
were alive without retransplantation at 19 � 14 months
after percutaneous interventions. Angiographic resteno-
sis occurred in 42 (55%) of 76 lesions at follow-up of
8 � 5 months. Angiographic evidence of distal arteri-
opathy was found to affect allograft survival adversely.

Redonnet et al. [7] reported their experience in nine
patients who had 37 lesions treated percutaneously: 22
treated with balloon angioplasty and 15 treated with stent
implantation. Six-month angiographic follow-up was ob-
tained in eight of the nine patients. Restenosis rates were
67% with balloon angioplasty and 64% with stenting.

Intracoronary radiation is now a widely used modality
to treat in-stent restenosis [11–15]. There has been one
previous report of successful treatment of in-stent reste-
nosis with brachytherapy in a cardiac transplant patient
but no follow-up was reported [19]. Neointimal hyper-
plasia results mainly from proliferation of smooth muscle
cells and extracellular matrix secretion. CAV appears to
be a chronic inflammatory response to immune-mediated
injury. Smooth muscle cell proliferation and subcellular
matrix deposition occurs in a manner similar to the
mechanism of in-stent restenosis. Thus, intracoronary
brachytherapy may be uniquely suited to treat not only
in-stent restenosis, but also CAV itself in transplant
recipients.

The present report documents the largest cohort to date
of transplant patients treated with intracoronary radia-
tion. All patients had follow-up angiography. Two of the
six (33.3%) patients failed radiation therapy and under-

went subsequent target lesion revascularization. One of
these patients underwent a complex procedure including
placement of a new stent for a dissection at the time of
radiation treatment. This patient presented with total
occlusion at follow-up. While cardiac enzymes did not
reveal evidence of myocardial infarction, thrombosis
may have been the cause of late failure in this patient
despite aspirin and clopidogrel. The other patient pre-
sented with a subtotal occlusion of his radiated segment
and ultimately received rapamycin-eluting stents.

Intracoronary brachytherapy appears feasible and safe
in this small cohort of transplanted patients with in-stent
restenosis. However, failure in two (33.3%) patients
highlights the need for further study and a search for even
more effective therapies for this challenging group of
patients.
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