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Objectives: This study aimed to examine clinical efficacy, safety, and intermediate clinical outcomes with
everolimus‐eluting stents (EESs) in patients with transplant coronary artery disease (TCAD).
Background: TCAD is a major cause of mortality in patients following orthotopic heart transplantation (OHT).
Systemic everolimus in OHT patients has been shown to reduce TCAD. The safety and efficacy of an EES, the Xience
V, have not been evaluated in this population.
Methods: Patients post‐OHT with hemodynamically significant CAD who underwent percutaneous coronary
intervention (PCI) with EES were included. Participants were maintained on dual antiplatelet therapy for 1‐year
post‐PCI. We examined procedural success, in‐hospital and 1‐year mortality, stent thrombosis, angiographic
restenosis, and myocardial infarction rates. All patients had follow‐up angiography 1‐year after PCI. Target vessel
revascularization (TVR), target lesion revascularization (TLR), in‐segment restenosis, target vessel failure (TVF),
and lumen late loss were noted.
Results: PCI was performed in 34 de novo lesions in 21 patients, and 40 EES were placed. Procedural success rate
was 100%. Average stent was 16.5� 5.1mm long and 3.0� 0.6mm in diameter. All patients had angiographic
follow‐up (409� 201 days). There was no stent thrombosis, deaths, or myocardial infarctions during follow‐up. Two
patients had focal in‐stent restenosis. TLR rate was 5.9% (2/34), and TVR rate was 11.1% (3/27). Quantitative
coronary angiography (QCA) showed stenosis diameter to be 19.98� 17.57%.
Conclusions: Use of an EES is associated with a low incidence of TVR and TLR in patients with TCAD. Further
studies are needed to determine whether PCI with EES changes long‐term outcomes. (J Interven Cardiol
2014;27:73–79)

Introduction

Transplant coronary artery disease (TCAD) is a
major cause of morbidity and mortality in patients after
orthotopic heart transplantation (OHT) and is a
primary cause of allograft loss.1,2 Retransplantation
is the only definitive therapy for diffuse allograft

vasculopathy, but is limited by scarcity of donor
organs, and associated with lower survival compared to
initial transplantation.3,4 Percutaneous coronary inter-
vention (PCI) in patients with OHT who develop
TCAD has been associated with greater restenosis rates
compared to PCI in patients with native coronary artery
disease.5 Use of first‐generation drug‐eluting stents
(DES) appears to reduce the incidence of in‐stent
restenosis in cardiac allograft vasculopathy as com-
pared with bare metal stents,6–9 but does not appear to
improve the clinical end‐points of death and major
adverse cardiac events.7,10 These stents are no longer
commercially available. Use of systemic everolimus in
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OHT patients reduces the incidence of TCAD.11,12

Everolimus‐eluting stent (EES) has been demonstrated
to have improved clinical outcomes and lower
restenosis rates compared to other DES in patients
with native coronary artery disease.13,14 EES has not
been studied in patients with TCAD. In this study, we
examined the clinical efficacy, safety, and intermediate
clinical outcomes including in‐stent and in‐segment
restenosis with use of EES in patients with TCAD.

Methods

This is a single‐institution, retrospective analysis of
34 de novo lesions in 21 consecutive patients with
hemodynamically significant TCAD from June 2003 to
April 2013. Patients were considered eligible if they
presented with angina pectoris and/or a positive stress
test and had hemodynamically significant angiographic
stenosis >70%. Hemodynamically significant CAD
was defined as either: (1) epicardial angiographic
diameter stenosis �70% or left main coronary artery
stenosis �50%, (2) fractional flow reserve <0.75
across the culprit lesion, or (3) minimal luminal area of
<4.0mm2 in any proximal segment of an epicardial
coronary artery.15 All patients underwent PCI with a
second‐generation EES (Xience V stent, Abbott
Vascular, Santa Clara, CA, USA). Because some
patients received >1 stent, descriptive statistics were
done on a per‐lesion basis; clinical outcomes were
assessed on a per‐patient basis. Surveillance angiogra-
phy was performed within the first 12 months per
institutional protocol after PCI or earlier if clinically
indicated. The immunosuppressive regimen changed
over the time course of the analysis. From the
beginning of the analysis, the standard pharmacothera-
py was cyclosporine, prednisone, and mycophenolate
mofetil. In 2000, the standard regimen was changed to
tacrolimus, prednisone, andmycophenolate mofetil. As
of 2002, patients with CAV were switched to sirolimus
in place of mycophenolate mofetil. According to the
standard practice, heparin was administered during the
procedure. Aspirin (325mg/day) and clopidogrel (300/
600mg loading dose) were started before the procedure
or immediately after the procedure if the patient was not
loaded with clopidogrel preprocedure. After the
procedure, clopidogrel (75mg/day) was given for a
minimum of 1 year and aspirin was continued
indefinitely. The EES were available in lengths of
8–28mm and diameters of 2.25–4mm. Intravascular

ultrasound (IVUS) guidance was left to the discretion
of the primary operator to ensure appropriate stent
expansion and apposition.16 All patients underwent
routine clinical and ECG follow‐up post‐PCI. In
accordance with clinical guidelines, cardiac biomarkers
were checked in patients who have signs or symptoms
suggestive of MI during or after PCI or in asymptom-
atic patients with significant persistent angiographic
complications.17 Successful PCI was defined as
angiographic, procedural, and short‐term clinical
success as outlined in the American College of
Cardiology/American Heart Association/Society for
Cardiovascular Angiography and Interventions guide-
lines.18 Major adverse cardiac events were defined as
death from any cause, myocardial infarction, or the
need for target lesion revascularization (TLR). Pres-
ence of possible, probable, or definite stent thrombosis
was adjudicated on the basis of the Academic Research
Consortium (ARC) definition of stent thrombosis.19

Stent thrombosis episodes were reported as early events
�30 days after stent implantation, late events as those
from 31 days to 1 year, and late events as those>1 year
after stent implantation. The termmyocardial infarction
was defined according to the Joint ESC/ACCF/AHA/
WHF Task Force for the Redefinition of Myocardial
Infarction.20 Baseline and postprocedural coronary
angiograms were digitally recorded and analyzed off‐
line using Cardiovascular Angiography Analysis
System (CAAS 5.9; Pie Medical Imaging, Maastricht,
the Netherlands). Same views with identical projec-
tions for baseline, postprocedure, and angiographic
follow‐ups were used. Using the guiding catheter for
calibration, the minimal luminal diameter (MLD) and
reference vessel diameter (RVD) were measured before
and after the index procedure and at angiographic
follow‐up. The RVD is an interpolated diameter of
normal segments proximal and distal to the lesion.
Diameter stenosis was defined as the ratio of MLD and
diameter of reference segment.13 The in‐stent analysis
encompassed the segment covered by the stent,
whereas the in‐lesion analysis also included 5‐mm
segments proximal and distal to the stent edge.
Percentage of diameter stenosis, percent restenosis,
and late lumen loss (calculated as minimal lumen
diameter after the procedure� follow‐up minimal
lumen diameter) were calculated. The percentage of
diameter stenosis was calculated as the (reference
diameter�minimum luminal diameter) (reference
diameter)� 100. Binary restenosis was defined as
>50% angiographic diameter stenosis at follow‐up.
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TLR was defined as ischemia‐driven revascularization
in a clinically significant restenosis in the stented
segment. Ischemia driven revascularization in a stented
vessel or its side branches is defined as target vessel
revascularization (TVR). Target vessel failure (TVF) is
defined as any TVR, death, orMI attributed to the target
vessel.19 Target vessel (or lesion) revascularization was
considered to be ischemia driven if associated with a
positive functional study, or a target vessel (or lesion)
diameter stenosis �70% with or without documented
ischemia. Continuous variables were expressed as
mean� SD. Categorical variables were expressed as
percentages, patient counts, and 95% Clopper–Pearson
exact confidence intervals. Paired t‐test was used for
the analysis of angiographic characteristics.

Results

Baseline patient characteristics are highlighted in
Table 1. A total of 40 stents were implanted into 34
lesions (Table 2). Average angiographic percent
stenosis prior to PCI was 78.5� 17.1. Average time
from transplantation to PCI was 9.2� 4.8 years
(median 8.0 years, interquartile range (IQR), 5.4–
12 years, 2–21 years). Procedural success rate was
100%. IVUS guidance was utilized during PCI in
79.4% of cases (27/34 lesions) There were no
periprocedural deaths, myocardial infarctions, or

cerebral vascular accidents. The average stent length
was 16.5� 5.1mm, and the average stent diameter was
3.0� 0.6mm. Number of stented lesions were as
follows: 1 left main, 19 left anterior descending, 8 right
coronary artery, and 6 left circumflex.
At 1 year, there were no periprocedural deaths,

myocardial infarctions, or cerebral vascular accidents
(Table 2). All patients had angiographic follow‐up
(average 409� 201 days, median 367 days, IQR, 242–
484 days, min/max 140/884 days). Thirteen of 21
patients had angiographic follow‐up at 1 year or later.
Clinical follow‐up (average 549� 221 days, median
582 days, IQR, 370–733 days, min/max 175/939 days)
was also documented. Due to renal impairment and
concern for contrast nephropathy many clinicians
chose for patients to undergo nuclear stress echocardi-
ography or extend time until follow‐up angiography.
There was no incident of clinical stent thrombosis, and
during follow‐up angiography, there was no stent
thrombosis. Table 3 shows results of quantitative
coronary angiography (QCA) analysis at baseline,
postprocedure, and at the time of angiographic follow‐
up. Figures 1 and 2 show cumulative frequency
distribution curves for in‐segment diameter stenosis

Table 1. Baseline Patient Characteristics and Drug Treatment

Male 81
Diabetes 29
Hypertension 90
Hypercholesterolemia 76
Beta‐blocker drugs 43
Calcium channel blocker drugs 14
ACE inhibitor/angiotensin receptor blocker drugs 57
Statin drugs 76
Nitrates 14
Sulfonylureas 5
Metformin 10
Insulin 19
Tacrolimus 71
Sirolimus 52
Mycophenylate 38
Prednisone 33
Cyclosporine 10
Everolimus 10

Values are %. ACE, angiotensin‐converting enzyme.

Table 2. Angiographic and Procedural Characteristics (N¼ 34
Lesions, 21 Patients)

Coronary lesions treated 34
Left main 1
Left anterior descending 19
Right coronary artery 8
Left circumflex artery 6

Number of stents/lesion 1.2� 0.3
Percent stenosis at baseline 78.8� 17.1
Angiographic success rate 100%
Average stent length (mm) 16.5� 5.1
Average stent diameter (mm) 3.0� 0.6
MI/Cardiac death in‐hospital, 30 days 0
Angiographic follow‐up 100%
Length of angiographic follow‐up

(days)
409� 201

Binary restenosis (%) [95% CI]a 5.0% (2/40)
[0.61%, 16.92%]

Target vessel revascularization (%)
[95% CI]a

11.1% (3/27)
[2.35%, 29.16%]

Target lesion revascularization (%)
[95% CI]a

5.9% (2/34)
[0.72%, 19.09%]

Late loss (mm) 0.33� 0.28

Data presented as mean�SD; CI, confidence interval. aby Clopper–
Pearson exact confidence interval. Descriptive statistics are on a per‐
lesion basis.
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and in‐segment diameter stenosis before PCI, after PCI
and at time of follow‐up. Two patients had hemody-
namically significant in‐stent restenosis (90% and 80%
diameter stenosis) post‐PCI. An additional patient who
had undergone PCI of distal LAD had progression of
TCAD in the proximal‐mid LAD and required PCI of
the proximal LAD lesion. TLR rate was 5.9% (2/34),
TVR rate was 11.1% (3/27), and TVF rate was 11.1%.

Discussion

To our knowledge, this is the first report to
systematically analyze clinical and angiographic out-
comes in patients post‐OHT who have undergone PCI
with EES for treatment of hemodynamically significant
transplant vasculopathy. In this small observational
retrospective study, we have demonstrated that the use
of EES in patients with TCAD is safe, associated with
low incidence of major adverse cardiac events, no
incidence of stent thrombosis, no deaths, and low rates
of TLR or TVR. The incidence of TLR in OHT patients
treated with EES is comparable to rates reported in
patients with native coronary artery disease.13,14

Previous observational studies evaluating use of DES
with sirolimus eluting stents (Cypher, Cordis, Johnson
& Johnson Corporation, Miami, FL, USA) and/or
paclitaxel eluting stents (Taxus, Boston Scientific
Corporation, Natick, MA, USA) in patients with
TCAD have demonstrated binary restenosis rates of
0–18.6%, and a TVR rate of 2.8–22%.6–9,21 In one
recent study, Tremmel et al. reported a binary restenosis
rate of 12% and TVR of 22%. Another study by Tobis
and colleagues6 identified a binary restenosis rate of
12.5% and a TVR of 21%. However, the angiographic
follow‐up in this latter study was only 71%. Table 4
shows a comparison of angiographic outcomes in
recent studies of DES for TCAD.6,7,9,22–24 Only studies
with �60% angiographic follow‐up were included;
however, none of these studies included analysis of
EES. While PCI with DES for treatment of TCAD is
associated with decreased rates of restenosis and repeat
revascularization compared to BMS, it is unknown if
treatment with DES improves short term or long term
clinical outcomes in patients with transplant vascul-
opathy and provide any benefit other than palliation.
Also, it is unknown if the short term advantage in terms
of reduced rate of repeat revascularization is sustained
long term. In one study by Nfor and colleagues,7

treatment of TCAD with either paclitaxel or sirolimus

Table 3. Angiographic Characteristics of Patients With Everolimus‐Eluting Stents

Preprocedure Postprocedure Follow‐Up P‐Value

RVD (mm) 2.66� 0.75 2.83� 0.77 2.75� 0.75 0.0001
Diameter stenosis (%) 78.68� 11.85 7.78� 2.86 19.98� 17.57 0.0001
MLD (mm) 0.58� 0.36 2.60� 0.69 2.27� 0.76 <0.0001

Data presented as mean�SD. RVD, reference vessel diameter; MLD, minimal lumen diameter. Paired t‐test P� 0.0001 for percent diameter
stenosis and MLD for postprocedure compared to follow‐up values.
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Figure 1. Cumulative frequency distribution curves for minimal
luminal diameter before PCI, after PCI, and at time of follow‐up.

Figure 2. Cumulative frequency distribution curves for in‐segment
diameter stenosis before PCI, after PCI, and at time of follow‐up.
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eluting stents was associated with lower rates of
in‐segment restenosis compared with BMS (2.8% vs.
16.1%, P¼ 0.05). However, MACE (22.0% vs. 21.1%,
P¼ 0.91) and all‐cause mortality (8.3% vs. 5.3%,
P¼ 0.52) at 1 year were not significantly different
between the DES and the BMS groups, respectively,
nor were the 5‐year event rates for MACE (50.2% vs.
49.9%, P¼ 0.85) and all‐cause mortality (23.0% vs.
28.0%, P¼ 0.75). At 5 years, event rates of restenosis
for DES versus BMS (20.3% vs. 38.0%, P¼ 0.1) and
TVR (35.6% vs. 39.4%, P¼ 0.88) were not statistically
significant. A meta‐analysis of six different studies
encompassing 312 OHT patients receiving either
sirolimus and/or paclitaxel DES versus BMS found
no differences in terms of MACE or all‐cause mortality
between the two groups.10 Mechanism contributive to
TCAD may be responsible for this observation. Distal
obliterative disease, poor microcirculation, and mini-
mal collaterals were features of TCAD described by
Gao and colleagues back in 1988. Jonas et al.25 showed
that lumen loss and histological staining of biopsies in
stented TCAD lesions correlate closely with lumen loss
and staining findings in non‐stented lesions, whereas in
native atherosclerosis, in‐stent restenosis and remote
disease progression are generally not correlated. Thus,
TCAD is a diffuse and progressive process, and the
presentation of a focal lesion is generally a marker of
more widespread disease.26 This may explain why
stenting significantly reduced early and mid‐term
restenosis but did not affect MACE or all‐cause
mortality.7,22,27

TCAD is one of the leading causes of morbidity and
mortality after OHT. Angiographic evidence of TCAD
is seen in nearly 50% of patients at 5‐ to 15‐year follow‐
up.1,28,29 Because denervation of the allograft makes
the clinical diagnosis of TCAD unreliable, coronary
angiography is the current gold standard for diagnosing
and monitoring TCAD.30 Angiography is a useful
modality for discerning focal lesions, which are
commonly seen in native coronary artery disease.
However, TCAD often presents as diffuse concentric
disease without discrete stenoses, making angiography
a less sensitive modality for its diagnosis. IVUS is more
sensitive than angiography.31 IVUS provides not only
accurate information on lumen size, but also quantifi-
cation of intimal thickening, vessel wall morphology,
and composition.32 Besides its utility for early
detection of TCAD, IVUS is an important tool for
ensuring optimal stent deployment and reducing stent
under‐expansion, incomplete stent apposition, edge
dissection, and geographic miss.33 Our frequent use of
IVUS during stent deployment may have contributed to
the low incidence of angiographic restenosis.
Limitations. The limitations of our study include

the relatively small sample size, lack of a control arm,
the retrospective nature of the study, and lack of long‐
term angiographic and clinical follow‐up. Because of
the rare complications and the high success rate, our
small population may overestimate the success rate and
underestimate the rate of complications in these
patients. As cardiac biomarkers were not routinely
checked in all patients, it is possible that some

Table 4. Comparison of Previously Published Studies of Cardiac Transplant Recipients Undergoing PCI With DES

Tremmel et al.9 Beygui et al.22 Colombo et al.23 Nfor et al.7 Gupta et al.24 Lee et al.6

Characteristic
No. lesions 22 65 84 36 39 76
No. DES 27 70 84 49 58 80
Sirolimus coated 19 50 NA 38 56 58
Paclitaxel coated 8 20 NA 11 2 22
Stenosis pre‐PCI (%) NA NA NA 86.3� 1.6 NA 73� 9
Lesions with follow‐up (%) 100% 87% 60% 100% 66% 76%
Clinical follow‐up (mos) NA 31.2� 16.8 45.2� 41.7 46.0� 6.2 13� 12 NA
Angiographic follow‐up (mos) NA 7.9� 4.9 NA NA 11� 10 12.6� 8.2
Follow‐up angiography 12 months

after first PCI
6–12 months
after first PCI

6–8 months or
when clinically

indicated

6 months,
then yearly

1 year then
every 2 years

6–12 months
after first PCI

12‐Month ISR 12.50% 7.1% 16.0% 0.0% 18.6% 12.0%
TLR 0% 6.6% NA 2.8% NA
TVR 22% 8.2% NA 2.8% 18.6% NA
Late loss 0.19� 0.73 NA NA NA 0.24� 0.75
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periprocedural myocardial infarctions were missed.
Important questions that remain beyond the scope of
this study include whether coronary revascularization
with EES would improve clinical outcomes in the long
term in patients with cardiac allograft vasculopathy.

Conclusions

In this small study, we have demonstrated that use of
EES in patients with TCAD is associated with a low
incidence of in‐stent restenosis, TLR, or TVR,
comparable to rates observed in patients with native
coronary artery disease. This encouraging finding
supports ongoing study to determine whether PCI
with the EES could improve long‐term clinical
outcomes in patients with TCAD.
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