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Abstract. In order to determine the impact of cytomegalo-
virus (CMV) infection on cardiac allograft vasculopathy
(CAV), we quantitated angiograms and endomyocardial
biopsy (EMB) specimens obtained from 53 heart trans-
plant recipients. CMV infection was particularly associ-
ated with the development of discrete stenosis in major
branch vessels (P < 0.03). Also, the number of diffusely
affected vessel segments was significantly higher in CMV
patients than in CMV-free recipients after the 2nd post-
operative year (P < 0.05). The EMB histology correlated
well with angiography. Significantly higher levels of arte-
riolar endothelial cell proliferation and intimal thickness
were recorded in biopsies of CMYV patients than in those
of CMV-free recipients during the 1st postoperative year
(P <0.02 and P <0.005, respectively). The CM V-associ-
ated vascular changes in EMB histology clearly preced-
ed angiographically detectable CAV findings. Taken
together, CMV infection accelerated heart allograft arte-
riosclerosis. The histological changes appeared prior to
changes detected by coronary angiography. The CMV
effect was particularly pronounced during the first 2 post-
transplant years but leveled off thereafter. Thus, CMV-ac-
celerated allograft arteriosclerosis may be linked in par-
ticular with early graft loss of CMV-infected heart trans-
plant recipients.
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Introduction

Accelerated allograft arteriosclerosis (chronic rejection)
has emerged as a major factor affecting allograft survival
in the long run [1, 4]. It is the main cause of death after the
1st post-transplant year. In coronary angiography, the in-
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cidence of cardiac allograft vasculopathy (CAV) is be-
tween 6% and 18 % at 1 year, about 23 % at 2 years, and
up to 50% at 5 years [9, 18).

Coronary arteries of cardiac allografts with prolonged
survival often present a distinctive angiographic appear-
ance, as reported previously [9]. Proximal, focal lesions
with asymmetric atherosclerotic plaques identical to those
occurring in classical atherosclerosis are observed, but dif-
fuse, concentric, luminal narrowing, which affects the en-
tire length of the vessel wall including small penetrating
intramyocardial branches, is often seen [4], unlike in non-
transplant patients with coronary artery disease (CAD).

Cytomegalovirus (CMV) infection is an important
cause of morbidity and mortality in heart allograft reci-
pients [6]. Recently, increasing evidence has been re-
ported indicating a role for CMV in the pathogenesis of
CAV [10,16,17]. An association between CMV infection,
allograft rejection, and graft atherosclerosis has been sug-
gested [10]. In addition, CMV nucleic acids have been
identified in coronary arteries of heart transplant reci-
pients with severe CAV [14]. Finally, CMV has been dem-
onstrated in arterial walls of nontransplant patients with
coronary artery disease [12].

In this communication, we describe the association of
CMV infection with early and accelerated development of
CAV throughout the allograft vascular tree, as revealed
by a semiquantitative analysis of vasculopathic changesin
angiograms and endomyocardial biopsy (EMB) speci-
mens of heart transplant patients.

Patients and methods

Patients

Fifty-three heart allograft recipients who were monitored for CMV
infection and who survived for atleast 1 year after cardiac transplan-
tation were included in the study. A total of 115 angiograms and
104 EMBs obtained from these patients were analyzed. Basicimmu-
nosuppression consisted of cyclosporin A, prednisolone, and aza-
thioprine in all recipients. Antithymocyte globulin (ATG, [ mg/kg,
Fresenius) was given for 3 days postoperatively. Rejection episodes
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were diagnosed by EMB histology and graded according to the
working formulation of the International Society of Heart Trans-
plantation {5]. Rejection episodes were treated with methylpredni-
solone (MP), ATG, or both. CMV hyperimmune globulin prophy-
laxis (Cytotect, 1 ml/kg per day) was preoperatively given to CMV-
seronegative patients. All patients also received acyclovir prophy-
laxis (600 mg/day p.o.) against herpes virus infections for the first
3 months. In the casc of severe symptomatic CMV infection, ganci-
clovir (Cymevene, 10 mg/kg per day), CMV hyperimmune globulin
(Cytotect, 2 ml/kg per day), or both were administered. Aspirin
(100 mg/day) was postoperatively given to all patients.

Cardiac catheterization and coronary angiography

All patients were evaluated annually with selective coronary angio-
graphy using the percutaneus femoral approach. Graft function was
independently evaluated by echo cardiography. On the basis of pre-
vious studies [9] and a pilot study of ten angiograms of transplanted
hearts, a list of descriptors for coronary arteriolar morphological
changes was created.

Stenosis. Discrete stenosis was asscssed from the proximal (),
middle (), and distal (,) part of large, epicardial vessels including
left main (LCA), left anterior descending (LAD), left circumflex
(LCX), and right coronary (RCA) artery, as well as from the major
branches of large, epicardial vessels including the major left diago-
nal (LD), left obtuse marginal (LOM), right ventricular (RV), right
posterior descending (RPD) and right posterolateral branches
(RPL). The reduction in luminal cross-section was measured by
comparing the narrowed region to an adjacent, angiographically
normal region.

Table 1. Patient characteristics. CM, Cardiomyopathy; ICHD,
ischemic coronary heart disease; BP, blood pressure; B-CyA, blood
cyclosporin A level

CMV group Control group Significance™*

Original discase

-CM 11 17 NS§®
-ICHD 17 6 NSP
—Congenital 1 1 NS®
Age (years) 45£10 46+12 NS©
Gender (M/F) 272 2173 NSP
Systolic BP* (mmHg) 135+ 14 140£13 NS¢
Diastolic BP* (mmHg) 88+ 11 87 +10 NS¢

S-cholesterot® 63%1.5 57+1.2 NS¢
(mmol/l)
B-CyA™ (ugh) 22875 237+46 N§¢

* Determined at 1 year post-transplantation
® Chi-square test with Yates’ correction

¢ Mann-Whitney U-test correcting for ties

4 No CyA toxicity was observed

Table 2. The number of angiograms analyzed and the frequency of
cardiac allograft vasculopathy (CAV) detected during the 4 post-
transplant ycars

Year after cardiac transplantation

1 2 3 4
Angiograms 50 31 25 9
CMV Liens 28 19 16 5
CAV o 16 % 39% 52% 56 %
CAVeuv 25% 53% 56 % 60 %
CAV cmv.tree 5% 17% 44 % 50 %

Diffuse disease. This was defined as the gradual (ransition from a
proximal, large epicardial or major branch vessel to a concentrically
narrowed, middle, and distal part with diffuse, irregular vessel boun-
daries and a loss of fine branches.

Cardiac allograft vasculopathy (CAV). CAV was defined as any evi-
dence of stenosis or diffuse disease in any vessel.

In order to compare patients, a scoring system was developed
and scores were calculated as follows: Discrete stenosis were as-
sessed from LCA, LAD g, LCX g, RCA g, from their branches
designated as LOM I, 11, III, LD 1, 2, RV, RPD, and RPL and
marked as present (score 1) or absent (score 0). A diffuse disease
score was calculated in a similar fashion from the same segments and
their small branches. Thus, theoretically, these scores would range
from 0 to 18. Finally, a total score, attributable to CAV, was calculat-
ed as the sum of scores of both discrete stenosis and diffuse disease.

Demonstration of CMV infection

Altogether 11 recipients were CMV-seronegative and 36 CMV-
seropositive before transplantation; in 6 recipients the preoperative
anti-CMV antibody status was unknown. Thirty-three of the donors
were CMV-seropositive and 14 CMV-seronegative; in 6 donors the
anti-CMYV antibody status was unknown. Eight of the CMV-sero-
negative recipients received their grafts from a seropositive donor.
After transplantation the recipients were monitored routinely for
anti-CMV antibodies by a complement fixation test (CF), weekly
during the first 3 months, once in 2 weeks during months 4-6, and
then yearly. Specific anti-CMV IgG and IgM antibodies (ELISA,
Labsystems) and a viral culture from urine were determined at 3, 6,
9, and 12 postoperative months. The virological diagnosis of CMV
infection was based on specific IgM or a positive viral culture from
blood, urine, or bronchoalveolar lavage (BAL) fluid, together witha
fourfold rise in IgG. Since the method for detecting CM V-specific
antigens on blood leukocytes became available, all recipients were
monitored for CMV antigenemia. For the detection of CMV in
blood leukocytes a modification of the original method was used [3].

Endomyocardial biopsies

EMBs were performed weekly for the first 3 weeks, thereafter twice
a month during months 1-3, then at monthly intervals until the 6th
month, and thereafter every 2 months until the 12th postoperative
month. After the 1st postoperative year, EMBs were performed
every 6th month. Three to six endomyocardial fragments per biopsy
were obtained using the 7-F bioptome. Specimens with fewer than
three fragments were excluded. Specimens were fixed in 10% buf-
fered formalin, processed routinely, and stained with Masson’s tri-
chrome, hematoxylin and eosin, toluidine blue, and Unna-Pappen-
heim (UP). Three-micrometer-thick sections were cut serially and
three to five consecutive sections were placed on each slide.

Scoring principles

The slides were reviewed retrospectively in a blinded fashion by two
observers without knowledge of the angiographic findings. The ana-
lysis was done semiquantitatively. The histological parameters of
intramyocardial vessels were graded from 0 to 3: 0 normal, 1 mild,
2 moderate, and 3 severe.

Intramyocardial vessels. Vessels with well-defined surrounding
smooth muscle cells in the walls were identified as “arterioles”,
whereas those without a smooth muscle cell layer were considered
“capillaries”. Endothelial cell proliferation was scored mild when en-
dothelial cells were closely packed in one layer, moderate in two, and
severe with three closely packed cell layers. Arteriolar intima was



defined as an acellular layer immediatley beneath the endothelium
andwas normally notseen (score 0). Theintimal thicknesswas scored
as mild when intima was readily discernible and moderate to severe
when arteriolar lumen was moderately to severely compromised.

Statistical methods

Data are expressed as mean = SEM, if not otherwise indicated. For
comparison of results between patient groups, the chi-square test
with Yates’ correction and Mann-Whitney U-test correcting for ties
were used. P values less than 0.05 were considered significant.

Results
CMYV infections and frequency of acute rejections

In 29 of 53 patients (55% ), CMV infection was diagnos-
ed 68 + 39 (mean+ SD) days postoperatively (Table 1).
Seven primary infections and 19 reactivations/reinfec-
tions were recorded. In three cases the preoperative, sero-
logical CMV antibody status was unknown. Symptomatic
CMYV infection occurred in ten patients (34%). Four
CMV infections were considered severe and treated with
ganciclovir, one combined with CMV hyperimmune glo-
bulin. No difference in CAV findings was observed be-
tween recipients with primary CMV infection or reactiva-
tion/reinfection.

Neither the frequency nor the severity of acute rejec-
tions differed significantly between CMV and CMV-free
recipients. In CMV patients, 29 EMBs showed evidence
of rejection {one rejection/patient, range 0-5) 265 £294
(mean = SD) days postoperatively. Rejections were most-
ly mild (grades 1A or 1B); only two grade 3A rejections
occurred. In CMV-free recipients, acute rejection was di-
agnosed in 27 EMBs (1.5 rejections/patient, range 0-6)
421 +£436 (mean £ SD) days postoperatively. Most rejec-
tions were mild; only 1 grade 3A rejection was seen.

Angiographic findings

Frequency of CAV

CMYV infection was associated with early accelerated allo-
graft arteriosclerosis (Table 2). Even after the 1st post-
transplant year, CAV was markedly, although not signifi-
cantly, more frequent in CMV patients than among CM V-

Fig.1A-C. Left coronary artery angiograms of a CMV patient at
A 1year, B2 years,and C 4 years after cardiac transplantation. Al-

ready after the st postoperative year, diffuse disease (0) was seenin
distal parts of the left anterior descending (LAD) artery and in the
left obtuse marginal (LOM I and II) branches (score 6). A dramatic
acceleration of CAV occurred during the subsequent year; severe
discrete stenosis (arrow) developed in LOM [ and LOM II. The an-
giogram showed marked concentric narrowing with irregular vessel
boundaries and loss of fine branches in the proximal, middle, and
distal parts of LAD and LOM L and Il (score 14). After 4 years post-
operatively, the acceleration of CAV had leveled off and a new mild
stenosis was seen in the left circumflex coronary artery (LCX).
LAD, LOM I, IT and the middle and distal parts of LCX were dif-
fusely affected (score 16)

343

free recipients. After 2 years postoperatively, more than
half of the CMV-infected patients had evidence of CAV,
whereas only a minority of the CM V-free patients had ab-
normal angiograms (P = NS). Thereafter, CAV was seen
in approximately equal frequency in both patient groups.
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Diffuse disease
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w
1

2

A Post-transplant year

Fig.2. A Mean scores of diffusely affected vessels and B mean total
CAV scores of heart transplant recipients in yearly angiograms. Bars
indicate SEM. In CMV patients , significantly higher scores
were recorded after 2 postoperative years than in CM V-free (F/) re-
cipients. Thereafter, the difference with vasculopathic changes in
CMV-free recipients was no longer significant. * P < 0.05; Mann-
Whitney U-test

Table 3. The number of endomyocardial biopsy (EMB) specimens
analyzed and the frequency of vascular changes (VC) observed dur-
ing the 4 post-transplant years

Year after cardiac transplantation

1 2 3 4
EMBSs 83 ) 25 8
CMVpa\iems 26 19 16 4
VCya 74 % 79% 88 % 100%
VCemv 77 % 84 % 81 % 100%
VCemvirree 1% 67 % 100% 100%

Intensity of CAV

Stenosis. Significant stenosis ( = 50 % narrowing of lumi-
nal diameter) occurred more frequently in CMV patients
(0.7 stenosis/patient, range 0-7) than in CMV-ree re-
cipients (0.1 stenosis/patient, range 0-2; P <0.03). All
were seen in major branches of large epicardial arteries;
19 were located in the proximal, 2 in the middle and 3 in
the distal segment. Thus, CMV infection was associated
with the development of a severe form of graft arterioscle-
rosis recorded as discrete coronary vessel stenosis (Fig. 1).

Diffuse disease. Only very few vessels were diffusely
affected in both CMV and CMV-free recipients after
the 1st post-transplant year (Fig.2). In CMV patients,
however, there was an accelerated increase in the num-
ber of vessel segments diffusely affected during the
2nd post-transplant year: the mean score of CMV patients
was 3.0x0.5 versus 0.5+04 for CMV-free recipients

Total CAV score

1
S
Score

B Post-transplant year

(P <0.05). During subsequent years, the CM V-associated
acceleration of diffuse disease was seen to level off.

Total scores. Considering stenosis and diffuse disease
together, the total scores of the patients (Fig. 2) presented
apattern similar to that of diffuse disease, with significant-
ly higher mean scores for CMV patients after the 2nd post-
transplant year than for CMV-free recipients (P < 0.05).
Due to more frequent stenosis in CMYV patients, the dif-
ference with vasculopathic changes in CMV-free reci-
pients leveled off markedly, but not entirely.

Histological findings

The frequency of vascular changes (VC) in EMBs was sig-
nificantly higher than in angiograms during the first 3
postoperative years (Ist year: P <0.001; 2nd year: P <
0.005; 3rd year: P <0.03; Table 3). Capillary endothelial
cell proliferation was common in both patient groups, and
no difference in overall frequency of VC in EMBs be-
tween CMV and CMV-free patients was observed. How-
ever, the histology of small intramyocardial arterioles
revealed CM V-associated changes.

Arteriolar endothelial cell proliferation. Closely packed
endothelial cells in two or more layers, scored moderate to
severe, were a characteristic feature of CMV patients
(Fig.3). A significant difference in the scores of endothe-
lial cell proliferation was recorded between CMV and
CMV-free recipients after the 1st postoperative year
(P <0.02). Thereafter, this proliferative cell response be-
came less prominent.

Intimal thickening. Thickened intimas that narrowed the
lumens of small intramyocardial arterioles appeared early
in CMV patients (Fig. 4). Scores of intimal thickness were
significantly higher among CMYV patients after the 1st and
2nd postoperative years than among CM V-free recipients
(P <0.005 and P <0.05, respectively; Fig.3). During sub-
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Fig.3A,B Mean scores of A arteriolar endothelial cell prolifera-
tion and of B intimal thickness of heart transplant recipients in year-
ly EMBs. Bars indicate SEM. In CMV patients , significantly
higher scores of endothelial cell proliferation and intimal thickness
were recorded during the 1st postoperative years than in CMV-free
(FA) recipients. " P<0.02, * P <0.005, ™ P <0.05; Mann-Whitney
U-test

Fig.4. Severe intimal thickening (score 3) with a nearly occluded
arteriolar lumen in an EMB of a CMV patient 2 years after cardiac
transplantation. Lumen of vessel marked with empty arrow and
myocyte with black arrow. Original magnification x 860

sequent years, the intimal thickening of CMV patients
reached a plateau, and as the arterioles of CM V-free reci-
pients also began to show evidence of chronic changes, the
difference was no longer significant.

Discussion
CAV is a major limiting factor of long-term survival after

heart transplantation [1, 4]. Two distinct, angiographically
detectable types of vascular lesions have been described
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Intimal thickness
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in transplanted hearts [9]. One type includes discrete lo-
calized stenosis, virtually indistinguishable from classical
arteriosclerosis, whereas the other type, diffuse concen-
tric luminal narrowing, affecting the entire length of the
vessel wall including the small intramyocardial branches
[9, 15], is identified only in transplanted hearts. Usual risk
factors for coronary arteriosclerosis do not seem to play
an important role in the development of CAV [4, 13, 20].
Recently, strong clinical evidence indicating a role for
CMYV infection in the generation of cardiac allograft vas-
culopathy was obtained [10, 16, 17], although in other
studies no association could be found [20, 21]. More re-
cently, the association between CMYV viremia and trans-
plant coronary arteriosclerosis was reported [7].

The current study confirms that CMV is associated
with the accelerated development of heart allograft arte-
riosclerosis. The semiquantitated angiography revealed
that (1) CMV infection was particularly associated with
the development of discrete stenosis identical with that in
nontransplant arteriosclerosis when compared with
CMV-free recipients (P <0.03), and (2) the number of
diffusely affected vessel segments was significantly higher
in CMV patients than in CM V-free recipients during early
postoperative years (P <0.05). These results suggest that
CMYV might cause a local lytic infection in the endothe-
lium, leading to local inflammatory reactions and athero-
ma formation. Also, CMV could enhance the antiallograft
inflammatory responses towards the vascular wall, lead-
ing to accelerated development of the diffuse type of coro-
nary arteriosclerosis. Therefore, early diagnosis of CMV
with rapid laboratory tests, i.e., with the CMV antigene-
mia assay, and active treatment of the infection would
appear to be important steps in preventing the develop-
ment of CAV.

The semiquantitated EMB histology correlated well
with angiography. Significantly higher scores of arteriolar
endothelial cell proliferation and intimal thickness were
recorded in the EMBs of CMV patients than in those of
CMV-free recipients during the very 1lst postoperative
year (P <0.02 and P < 0.005, respectively). Hence, CMV
also strongly accelerated CAV in the small intramyocar-
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dial vessels. Vascular changes in EMB histology clearly
preceded angiographically detectable changes that were
most prominent in CMV patients after the 2nd postoper-
ative year. Thereafter, the CMV-associated acceleration
of allograft arteriosclerosis reached a plateau, and by the
3rd and 4th postoperative years, both CMV and CMV-
free patients had vascular changes in approximately
equal amounts. This very essential observation of our
study may be explained by previous findings from in vitro
studies [19], namely, that smooth muscle cells obtained
from vascular media undergo in vitro replication 35—
50 times as do diploid human cells in general [11], where-
as smooth muscle cells obtained from atherogenic lesions
undergo replication only 2-5 times at the most. Thus,
smooth muscle cells seem to have a limited capacity of
cell division and may explain why the CMVinduced ac-
celeration of graft arteriosclerosis is selflimiting.

A previous study of 301 heart transplant patients
treated with cyclosporin has demonstrated that the per-
centage of patients surviving S years was significantly
lower in the CMV group than in the non-CMV group
(32% vs 68 %, respectively) [10]. Also, the rate of graft
loss during this time was significantly higher in CMV pa-
tients than in non-CMV patients (69 % vs 37 %, respec-
tively). Thus, the risk of CM V-associated graft loss is par-
ticularly pronounced during the first 5 post-transplant
years, a finding that is in complete agreement with the ob-
servations reported in this commuaication. However, in
our series, all of the patients who entered the study and,
thus, had survived the 1st postoperative year were also
alive at the end of the follow-up.

Several possible mechanisms underlying the associ-
ation between CMV and CAV have been suggested. The
virus could directly cause endothelial cell damage and
lead to ineffective repair and plaque formation [10]. By in-
fecting smooth muscle cells and endothelial cells in vessel
walls, CMV could either autocrinely or paracrinely induce
the expression of different growth factors in vessel walls
[13]. Also, an increased MHC antigen expression, medi-
ated by interferon-gamma produced during viral infec-
tion, has been suggested to trigger a rejection cascade [22].
In addition, DNA sequence analysis has demonstrated
that CMV encodes a molecule similar to MHC class I
antigen [2]. The molecule has been suggested to bind to
beta-2-microglobulin and could thus be involved in virus-
cell attachment {2]. Alternatively, this molecule might in-
terfere with the induction of cell-mediated, MHC-re-
stricted immunity and the cytolytic T-cell response to the
infected cells. Also, sequence homology and immunologi-
cal crossreactivity of CMV with the HLA-DR beta chain
has been demonstrated [8]. This crossreactivity and the
crossreacting antibodies could be involved in allograft
rejection mechanisms.

Taken together, our results suggest that CMV in-
fection is associated with the early and accelerated devel-
opment of CAV in angiograms preceded by CMV-
induced vascular changes in EMB histology. This CMV-
associated acceleration was particularly prominent
during the first 2 postoperative years but reached a
plateau thereafter. After the 3rd post-transplant year,
the vasculopathic changes were approximately equal

in both the CMV-infected and the noninfected pa-
tient groups. The CMV effect might, thus, be linked in
particular with early death and graft loss, as has been
reported earlier in CMV-infected heart transplant
patients {10].
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