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Background and Objectives : Coronary artery disease (CAD) in a transplanted heart has been a major cause of
morbidity and mortality for the transplantation patients who survive more than 1 year. The incidence and chara-
cteristic pattern of coronary artery disease after heart transplantation in Koreans are not known. The aim of this
study is to determine the incidence and characteristics of significant CAD and the coronary arterial remodeling
pattern after heart transplantation by using intravascular ultrasound (IVUS). Subjects and Methods : We eva-
luated a total of 101 consecutive patients who had been examined via serial (over one year interval) [IVUS and
coronary angiogram. The patients were divided into two groups according to the period of the serial IVUS follow-up.
The post-transplant early period (EP) group (n=58) was defined when IVUS was performed within the first month
and at one year after heart transplantation, and the post-transplant late period (LP) group (n=43) was defined
when IVUS was performed after one year and subsequently over another one year interval. Results : The CAD-
free survival rates, as assessed by coronary angiogram, were 99% at 5 years, 89% at 7 years and 71% at 9 years. In
the EP group, 17 patients (29%) had donor lesions and 8 patients (14%) had de novo lesions. For the donor lesions,
the diffuse and concentric lesions were 12%, respectively, and the remodeling index was 2.3 £ 6.5, which represents
a positive remodeling pattern. For the de novo lesion, the diffuse lesions were 25%, the concentric lesions were
13% and the remodeling index was -2.5%4.9, which represent a negative remodeling pattern. Conclusions :

The incidence of significant CAD with diffuse and concentric lesions after heart transplantation was low in Koreans.
The coronary arterial remodeling pattern was negative in the early period, and then it became positive during the

late period. (Korean Circulation ] 2007;37:9—15)
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Introduction

Heart transplantation is an established therapeutic
option for advanced heart failure. The median survival
period after heart transplantation is around 10 years,
and the leading cause of death after one year for heart
transplant recipients is transplant coronary artery disease
(tCAD).” Angiographic and IVUS studies have shown
that the pathogenesis of tCAD is progressive intimal
thickening. However, it is unclear whether arterial remo-
deling plays a significant role in the pathobiology of
tCAD.? In the reports from Western countries, the inci-
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dence of donor and de novo lesions in heart transplanted
patients was 30-40%, respectively, with 50% of lesions
being diffuse and 50% concentric. However, no infor-
mation is currently available regarding the incidence and
characteristics of tCAD after heart transplantation in
Koreans. Therefore, we performed serial [VUS examinations
to determine the incidence and characteristics of donor
and de novo tCAD in transplanted hearts, as well as to
compare the vascular change and remodeling patterns
during the subsequent years after heart transplantation
in Koreans.

Subjects and Methods

Patient population

One hundred seventeen patients underwent two or
more serial coronary angiograms. We started the serial
IVUS examinations for 101 patients from Nov, 1999
to Aug, 2005 at Asan Medical Center to evaluate trans-
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plant coronary artery disease. Of these, 58 patients under-
went IVUS examinations both within the 1st month
of transplantation and at 1st year after transplantation:
these patients comprised the post-transplant early period
(EP) group. Another 43 patients underwent the 1st [VUS
examination at the Ist year after transplantation. These
43 patients comprised the posttransplant late period( LP)

group.

IVUS

Following performance of a diagnostic coronary an-
giogram, the patients were given intravenous heparin
and intracoronary nitroglycerin. A 30-40 MHz, 3.2 or
2.6 F monorail ultrasound catheter(Galaxy 11, 40 MHz;
Boston Scientific, USA) connected to a dedicated scanner
was advanced over an angioplasty guidewire. The most
distal transducer location was documented by angiography,
and this was followed by pulling back the ultrasound
catheter, from distal to proximal, with using an automatic
pullback system at 0.5 mm/second, with continuous
recording on videotape. The left anterior descending
artery was imaged from the distal to the proximal part.
In the EP group(n=58), the initial IVUS was performed
within 4 weeks after heart transplantation and the follow-
up IVUS was performed at 121 months after trans-
plantation. In the LP group(n=43), baseline and follow-up
IVUS examinations were performed at 1536 and 47
=+ 21 months after transplantation, respectively(Fig. 1).

QCA(Quantitative coronary analysis)

Using the guiding catheter for calibrating the mag-
nification and an online QCA system(ANCOR V2.0;
Siemens, Germany), the target lesion with a minimal
luminal diameter(MLD) was measured. QCA measu-
rements of the MLD were performed after angiography,

Baseline

Intimal thickness 0.21 mm

over a one-year period of follow-up, from the diastolic
frames in a single matched view showing the smallest
luminal diameter. Reference diameters were selected
from user-defined segments that were proximal and distal
to the lesion.

Measurements were performed according to the Ame-
rican College of Cardiology clinical expert consensus
document on standards for the acquisition, measurement
and reporting of IVUS studies.” Measurements were
taken of the external elastic membrane(EEM), lumen,
plaque and media(P&M=EEM-lumen), and the intimal
hyperplasia(lH=intima-lumen) cross-sectional areas(CSA)
with using a commercially available program for compu-
terized planimetry(TapeMeasure, Indec System). The site
of maximal IH was identified at the baseline examinat-
ion and this was used as reference for comparison in
subsequent examinations.

Definition
A “Donor lesion” was defined as a site of maximal
intimal thickness over 0.5 mm at the time of the baseline
. . (43 . ”» " .
examination. A “de novo lesion” was defined as the maxi-
mum intimal thickness over 0.5 mm on follow-up at a
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v Lad

@& ——————————@ EP group (n=58) De novo lesion: 8 patients (14%)
Tmo (A11£1mo) 12+2mo Normal: 33 patients (57%)
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{Donor lesion: 17 patients (29%)

Fig. 1. Study design. Patients were subgrouped into an EP group and
an LP group. Patients in the EP group were analyzed by IVUS within
1 month after transplantation and then 1 year later. Patients in the
LP group were analyzed by IVUS 1 and 3 years after transplantation.
HTPL: heart transplantation, EP: post-transplant early period, LP:
post-transplant late period, IVUS: intravascular ultrasound.

Intimal thickness 0.90 mm

Intimal thickness 0.90 mm

Fig. 2. Intravascular ultrasound (IVUS) images showing the intimal thickness at baseline (A) and after intinal thickness 0.90 mm (B) in one
patient, demonstrating de novo lesion. HTPL: heart transplantation, EP: post-transplant early period, LP: post-transplant late period.
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Fig. 3. Intravascular ultrasound (IVUS) showing a coronary arterial eccentric intimal plaque (A) and a concentric intimal plaque (B).

site where the intimal thickness was below 0.3 mm at
the time of the baseline examination(Fig. 2). A target
lesion was defined as the most thickened intimal site. Diffuse
lesion was defined as the lesion with a maximal intimal
thickness over 0.5 mm and the total lesion length was
>720 mm, and focal lesion was defined as the total
lesion length was below 20 mm. A concentric lesion was
defined as its distribution arc was =>270°, and eccentric
lesion was defined as its distribution arc was <270° (Fig. 3).
A reference vessel site was defined as a site 20 mm from
a target lesion. The remodeling index(RI), which is a quan-
titative measure of the extent and direction of remodeling,
was calculated as the change in the vascular area at the
lesion site divided by the change in the intimal area.”
An RI =1 indicated positive remodeling that adequately
compensated(=1) or overcompensated(>1) for intimal
growth, an index >0 and <1 indicated positive remodeling
that was inadequate for intimal growth, and an RI <0
indicated negative remodeling with no compensation
(=0) or “shrinkage”(<1) of the vessel(Fig. 4). The Intimal
index(I1) was calculated as(intimal area)/(lumen+intimal
area). The eccentricity index was defined as the maximal
intimal thickness divided by the minimal intimal thickness
within the target lesion. Eccentric lesion was defined as
the eccentricity index(EI)>3. Angiographically significant
lesion was defined as the lesion showing a diameter stenosis
more than 50%.”

Statistical analysis

Means ==SD were calculated for all the numerical data.
Comparison of the data of the serial IVUS examinations
was done using non-paired t tests. The coronary artery
disease(CAD)-free survival analysis was performed with
the Kaplan-Meier method for the heart transplantation
patients and for those patients presenting with significant
coronary lesions. A p<0.05 was considered significant.
All analyses were performed using SPSS statistical software,
version 11.0.

Positive remodeling

Negative remodeling

Fig. 4. Calculating the remodeling index (RI). RI was calculated as
the change in vessel area/change in the intimal area. An RI =1.0
indicates positive remodeling and an RI <0 indicates negative remo-
deling.

Results

Patient characteristics

Table 1 summarizes the clinical data of the total patient
population(n=101). The mean age of the donors was
28.519.3 years(range: 11-49 years) and the mean age
of the recipients was 40.1+13.0 years(range: 15-65
years). Four percent of the patients had cytomegaloviral
disease. The risk factors for coronary artery disease,
diabetes mellitus, hypertension and hypercholesterolemia
were founded in 19%, 21% and 17% of the patients,
respectively.

IVUS findings of total patients

From the baseline and follow-up IVUS data of the
101 patients, the plaque area(4.1+2.3 mm?* vs 5.2+
2.5 mm?, respectively, p=0.004), lumen area(13.3 =+
3.6 mm’ vs 12.2+3.2 mm?, respectively, p=0.004) and
intimal index(23.7£12.5 vs 29.91+13.0, respectively,
p=0.001) changed significantly, but the target vessel area
(17.4%3.7 mm® vs 17.4%3.4 mm’, respectively, p=0.92)
did not(Table 2). The maximal intimal thickness of the
target lesion in all patients increased significantly, from
0.45%0.24 mm at baseline to 0.55%0.24 mm at follow-
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up(p=0.001). The intimal index also increased significantly,
from 0.24+0.13 at baseline to 0.30£0.14 at follow-up
(p=0.001). Of these 101 patients, 67 patients(66%) showed
significant intimal thickness(=0.5 mm) at more than
one year after transplantation. The distribution of these
significant lesions were proximal segments in 42 patients
(62%), middle segments in 18 patients(27%) and distal
segments in seven patients(11%).

Characteristic IVUS findings: the EP and LP groups

In the EP group, donor lesions were identified in 17
patients(29%) at baseline, 8 patients(14%) developed de

Table 1. Clinical characteristics of study patients (n=101)

Recipient age, yrs (mean =SD) 40.1£13.0
Donor age, yrs (mean £ SD) 28.5+9.3
Recipient gender (male)(%) 82%
Ischemic time (min) 123+£55
Time to follow-up IVUS (months) 21.6+18.4
Cytomegalovirus disease (%) 4.0%
Presence of diabetes mellitus 19%
Presence of hypertension 21%
Hyperlipidemia (at baseline) 17%

LDL concentration (mg/dL) 113£+31

HDL concentration (mg/dL) 56+ 14

Triglyceride concentration (mg/dL) 145+55
Homocysteine level 21.1+18.7
Medication use

Lipid lowering 95%

Calcium channel blocker 91%

A -blocker 45%

IVUS: intravascular ultrasound, LDL: low density lipoprotein, HDL:
high density lipoprotein

Table 2. Baseline and follow-up IVUS data of the study patients

Overall patients (n=101)

Baseline Follow-up P

Reference

Vessel area (mm?) 18.0+3.9 18.61 3.6 0.578

Lumen area (mm?) 14.9£3.6 14.6£3.2 0.532
Target lesion

Vessel area (mm?) 17.4£3.7 17.4+3.4 0.915

Plaque area (mm?) 41+23 52+2.5 <0.001

Lumen area (mm?) 13.1£3.6 12.2+3.2 <0.001
Intimal index (%) 23.7t12.5 29.9+13.0 <0.001

IVUS: intravascular ultrasound

Table 3. Changes during follow-up

novo lesions and 31 patients(57%) showed to be normal.
For the donor lesions, 2(12%) were diffuse and concentric.
11 patients(65%) had lesions located in proximal segments,
four(24%) had lesion in the mid segments and two
(11%) had lesion in the distal segments. For the de novo
lesions, two(25%) were diffuse and one(13%) was con-
centric. Six lesions(75%) were located in the proximal
segments and two(25%) were located in the mid segments.
Fifteen patients(83%) with donor lesions and six patients
(75%) with de novo lesions had eccentric lesion. Calcifi-
cation of target lesions was found in four patients(7%).

The IVUS data between the EP and LP groups showed
that the change of the lumen area(1.01 +1.55 mm® vs
0.83 £ 1.52 mm?, respectively, p=0.001) and the plaque
area(-1.85+3.01 mm? vs -0.16 +2.44 mm’, respectively,
p=0.001) were greater in the EP group than in the LP
group, but the change of the intimal index(6.8 =9.7%
vs 3.6 £7.2%, respectively, p=0.45) was not different
(Table 3). The vessel area decreased in the EP group,
but it increased in the LP group(-0.85+2.26 mm® vs
0.67%3.05 mm?, respectively, p=0.001). The change
of intimal thickness(0.14 = 0.22 mm vs 0.05*0.21 mm,
respectively, p<0.001) was greater in the EP group than
in the LP group. The RI was >1 in 11 patients(29%),
<1 but >0 in five patients(13%), and <0 in 22 patients
(58%) in the EP group, and >1 in 9 patients(23%), <
1 but >0 in 13 patients(33%), and <0 in 17 patients
(44%) in the LP group.

Remodeling patterns in the donor lesions and de
novo lesions

Donor lesions

The areas of the proximal reference vessel and the
lumen areas of the donor lesions were 19.8 4.2 and
19.3+3.6 mm*(p=0.28) respectively, at baseline and
15.2+t4.1 and 14.5%3.5 mm*(p=0.43) respectively, at
follow-up. The vessel area, lumen area and plaque area
of the target lesions and II were not changed signi-
ficantly between the baseline and follow-up. The RI
was 2.31£6.5(Table 4).

De novo lesions

In the de novo lesions, the proximal reference lumen
areas were significantly decreased, whereas the vessel
areas were not. In the target lesions, the lumen area
decreased and the plaque area increased significantly,

Change in area (mm?) Overall patients (n=101) EP group (n=58) LP group (n=43) p

A Vessel area (mm?) -0.03£2.77 -0.851+2.26 0.67+3.05 0.001
A Plaque area (mm?) 0.92+1.51 1.01£1.55 0.83+1.52 0.001
A Lumen area (mm?) -0.95*t2.86 -1.85+3.601 -0.16+2.44 0.001
A Intimal index (%) 5.0+8.6 6.81+9.7 3.6+x7.2 0.450

EP: post-transplant early period, LP: post-transplant late period
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Table 4. Baseline and follow-up IVUS data for the patients with do-
nor lesions

Donor lesion (n=17)

Baseline Follow-up (1 yr)

Reference

Vessel area (mm?) 19.84+4.2 19.3+3.6 0.28

Lumen area (mm?) 15.21t4.1 14.5+3.5 0.43
Target lesion

Vessel area (mm?) 18.8+4.7 18.5%+3.8 0.69

Plaque area (mm?) 6.4+13 7.0£1.5 0.47

Lumen area (mm?) 12.5+4.2 11.5%£3.3 0.34

Intimal index (%) 35.8+8.4 38.5+8.3 0.41
Remodeling index 2.3%6.5

IVUS: intravascular ultrasound

Table 5. Baseline and follow-up IVUS data for the patients with de
novo lesions

De novo lesion (n=28)

Baseline Follow-up (1 yr)

Reference

Vessel area (mm?) 21.3£3.6 19.4+2.2 0.104

Lumen area (mm?) 18.5+3.1 15.0£2.1 0.029
Target lesion

Vessel area (mm?) 20.5+3.4 18.1£3.5 0.070

Plaque area (mm?) 32%1.6 6.21t1.7 0.006

Lumen area (mm?) 17.3£2.5 11.9%3.1 0.001

Intimal index (%) 15.1£6.3 349183 0.001
Remodeling index -2.5149

IVUS: intravascular ultrasound

whereas the vessel area showed no significant changes
(Table 5). The II increased significantly from 15.1%
6.3% to 34.9%8.3%, respectively(p=0.001). The RI
was -2.5+4.9(Table 5).

Findings of coronary angiogram

A total of 117 patients underwent two or more serial
coronary angiograms. The angiographically significant
coronary artery disease free survival rate was 99% at 5
year, 89% at 7 year and 71% at 9 year after heart trans-
plantation(Fig. 5).

Discussion

Transplant coronary artery disease(tCAD) after heart
transplantation characteristically displays both diffuse and
concentric lesions. Coronary angiogram is not sensitive
for detecting tCAD because of the procedure’s peculiar
nature. Intravascular ultrasound(IVUS) is a more sensitive
and accurate tool than coronary angiogram, and especially
to detect early tCAD; it can also predict the prognosis
in those cases that are without angiographically demon
strated disease progression.® Using IVUS, we found that
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Fig. 5. Angiographical transplant coronary artery disease (CAD) free
survival rate. The angiographically significant coronary artery disease-
free survival rate was 99% at 5 year, 89% at 7 year and 71% at 9 year.

donor lesion was present in 29%(17/58) and de novo
lesion was present in 14%(8/58). The incidence of de
novo lesion in our study was much lower than that of
western countries. Kapadia reported that de novo lesion
occurred in 42% of patients and it was located more in
the mid-to-distal segments; further, the de novo lesion
was more diffuse and concentric than the donor lesion.
More than 60% of the de novo lesions were diffuse and
concentric.” In our series, both the donor lesions and
the de novo lesions were not diffuse or concentric, and
the target lesions were located mainly at the proximal
and proximal-to-mid portions. These findings showed
that the incidence and characteristics of CAD after heart
transplantation in Koreans were different from those in
Western countries.

A recent multicenter IVUS study reported that the
progression of intimal thickening over 0.5 mm in the
first year after transplantation was a reliable surrogate
marker for the subsequent mortality, the nonfatal major
adverse cardiac events and the development of angio-
graphic CAD for 5 years after transplantation.? In our
study, new development of significant lesion, that is,
de novo lesion, occurred in 14% of the patients and
donor lesion was present in 29% of the patients. These
patients can give us clues about the prognosis of tCAD
in Koreans, and this subject requires longer follow-up
study.

TCAD is known to show a somewhat different re-
modeling pattern compared to native coronary artery
disease.?’1® Coronary arteries in tCAD patients show
more negative remodeling, and the remodeling response
is inadequate during the 1st year. This remodeling response
may contribute to the development of tCAD, and especially
during the early period after heart transplantation. For
the donor lesions of our study, the vessel area and the
intimal thickness were not significantly changed during
follow-up, and the remodeling pattern was positive. In
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the de novo lesions, the plaque area and the intimal
index were increased, and the lumen and vessel area
was decreased, so the remodeling pattern was negative.
When we compared the EP and LP groups, we found
that the changes of the plaque burden and the lumen
areas were greater in the EP group than in the LP group,
whereas vessel area decreased in the EP group and it
increased in the LP group. The results showed that at
first, in the early phase of heart transplantation, the
plaque burden increased, but vessel area did not show
a compensatory increase; thus, the remodeling pattern
was negative during the 1st year. In the EP group, the
remodeling index was negative in 58% of the patients
in the EP group. This early phase result was the same
as that noted for western countries.?"*"'¢

Yet in the later phase after heart transplantation, the
remodeling pattern became more positive. The findings
at the second year also suggested that rapid progression
of intimal thickness occurred mainly during the 1st year
of heart transplantation. Our findings were similar to
those of a previous report. The different remodeling
pattern may also contribute to the development of de
novo lesion and the progression of tCAD in Koreans.

When we compared our results with those of Western
countries, we observed a lower incidence of de novo
lesion and lower proportions of concentric and diffuse
lesions. The angiographically significant tCAD-free
survival rate in our study was also lower than that in
western countries. We don’t know the exact reason for
these differences, but there are some possible explan-
ations. First, the traditional Korean diet is low in fat
and high in vegetables, which is associated with a low
incidence of native coronary disease, and this may affect
the development of tCAD. Second, the same as for the
Chinese people, Koreans have homogenous population
and the Korean people’s genetic variation is less diverse
than that in western populations.”” Third, the incidence
of cytomegalovirus(CMV) infection and disease in Koreans
is much lower than that in western countries. The
pathogenesis of tCAD is multifactorial and CMV infe-
ction is one of the possible pathogenetic mechanisms.'®"
Although Koreans usually experience CMV infection
before adulthood, and almost all Koreans have anti-
CMV IgG antibody in their adult age, the rate of CMV
disease in our study was only about 4%. These factors
can affect the development of tCAD and also the nature
of tCAD in Koreans.

The limitation of this study is that the serial IVUS
follow up period was different between groups. So,
comparing the IVUS findings from both the early(the
first month and one year after) and late(the first one
year and over one year after) phases in this study may
be not suitable. From this viewpoint, further serial
IVUS follow up study and also study on the early and
late phase in the same patient are needed.

Conclusion

The incidence and the characteristics of coronary
artery disease after heart transplantation in Koreans
were somewhat different from those in the western
countries. For the post-transplant early period group,
the donor lesions developed with the same incidence
as in Western countries, but the frequency of de novo
lesions was much lower. The incidences of diffuse and
concentric lesions were also low; the target lesion sites
for both the donor and de novo lesions were mainly
located at the mid-to-proximal portions, rather than the
distal portions. The progression of transplant coronary
artery disease was most severe during the Ist year. The
remodeling pattern was negative in the early period, and
then it became positive during the late period.

Further study is needed to understand the mechanism
and contributing factors for the different nature and
incidence of transplant coronary disease between Koreans
and Western countries, and longer follow-up study is
needed to determine the prognosis of patients with de
novo lesion or donor lesion.

This study was supported by grants from the Cardiovascular Re-
search Foundation, Seoul, Korea and the Korea Health 21 R&D
Project, Ministry of Health & Welfare, Korea(0412-CR02-0704-
0001).
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