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SUMMARY
The predictive value of coronary artery calcium (CAC) in heart transplant
(HTX) patients is not established. We explored if the absence of CAC on
computed tomography (CT) could exclude moderate and severe cardiac
allograft vasculopathy [CAV2–3; the International Society for Heart and
Lung Transplantation (ISHLT) recommended nomenclature] and significant coronary artery stenosis (diameter reduction ≥50%) and predict longterm clinical outcomes. HTX recipients (n = 133) were prospectively
included and underwent CT for CAC scoring and invasive coronary
angiography (ICA) 7.8  5.0 years after HTX. CAC was detected in 73
(55%) patients. The absence of CAC on CT had a negative predictive value
of 97% for ISHLT CAV2–3 and 88% for significant stenosis on ICA. During
7.5  2.6 years of follow-up after CAC CT (n = 127), there were 57
(45%) nonfatal major adverse cardiac events and 23 (18%) deaths or graft
losses registered as first events. Patients with CAC had significantly more
events (P = 0.011). In an adjusted Cox regression analysis, the presence of
CAC was significantly associated with a negative outcome (HR 1.8, 95%
CI 1.1–3.0; P = 0.023). The absence of CAC predicted low prevalences of
ISHLT CAV2–3 and significant coronary artery stenosis in HTX patients.
The presence of CACS was significantly associated with a worse long-term
outcome.
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Introduction
Cardiac allograft vasculopathy (CAV) is a major cause
of long-term morbidity and mortality in heart transplant (HTX) patients [1]. CAV is typically seen as diffuse and concentric intimal thickening affecting all parts
82

of the coronary artery tree, and more infrequently as
proximal focal eccentric lesions, as in coronary
atherosclerotic disease [2]. To detect CAV, most HTX
patients undergo annual invasive coronary angiography
(ICA), which has a small, but not negligible risk of
complications.
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The development of CAV is thought to be a part of
an inflammatory process with a different etiology than
atherosclerosis [3]. The pathophysiology is multifactorial including immunological and nonimmunological
factors. The development of calcification in CAV is
poorly understood, but calcified and necrotic components increase with time after HTX [4,5].
In a non-HTX population, coronary artery calcium
(CAC) is a marker of coronary atherosclerosis [6,7]. In
asymptomatic individuals, the absence of CAC excludes
significant stenosis and predicts a low risk of future cardiac events [8–10]. In symptomatic patients, the prognostic value of zero CAC is debated [11–17].
The coronary pathology in HTX patients is predominantly of a different etiology than the atherosclerosis in
the general population, furthermore, HTX patients may
be asymptomatic due to denervation; thus, results from
studies of CAC in a general population might not be
applicable for HTX patients. A limited number of publications have studied CAC in a HTX population [18–
26].
In this study, we evaluated if the absence of CAC in
HTX patients can exclude CAV of moderate-to-severe
grade (CAV2–3) using the International Society for
Heart and Lung Transplantation (ISHLT) recommended
nomenclature [27], as well as significant stenosis using
ICA as the reference standard. We also investigated if
CAC may serve as a surrogate marker for long-term
outcome using death or graft loss (D/GL), and nonfatal
major adverse cardiac events (NF-MACE) as outcome
variables.

Donor data, history of cytomegalovirus infection, and
transplant rejection episodes (biopsy-proven rejection
grade ≥2 and/or antibody-mediated rejection) were
obtained from medical records. All patients received
immunosuppressive therapy as per local protocol. This
consisted of maintenance therapy with prednisolone,
cyclosporine or tacrolimus, and azathioprine or
mycophenolate mofetil. No cytotoxic induction therapy
was given, and statins were introduced as standard
therapy from 1997.

Coronary artery calcium
The patients were examined with either 16- or 64-slice
multidetector CT (GE Light Speed Pro16 and VCT;
General Electric Healthcare Technologies, Milwaukee,
WI, USA) using prospective electrocardiographic triggering, 120 kV, and 300–400 mAs depending on the
patient’s body weight. The detector configuration was
8 9 2.5 mm with a collimation of 20 mm and a rotation time of 0.35 or 0.40 s. Images were reconstructed
with a slice thickness of 2.5 mm at an increment of
2.5 mm. Advantage Windows 4.3 workstation (General
Electric Healthcare Technologies, Milwaukee, WI, USA)
was used for calculating the CAC score, which was presented as an Agatston score [28]. Calcium scoring was
performed by two experienced readers blinded to the
ICA results. If there was a discrepancy in scoring
between the readers, a consensus reading was
performed.

Angiography and ISHLT CAV classification
Patients and methods
Study population
From December 2005 to April 2008, 133 HTX recipients
scheduled for routine ICA at their annual follow-up
were prospectively enrolled. One computed tomography
(CT) scan for CAC scoring was performed within
2 weeks prior to, or during, the first annual follow-up
after enrollment. Eligible patients were ≥18 years of age,
and the time since transplantation was ≥12 months.
Exclusion criteria were pregnancy, atrial fibrillation, severe heart failure, and severe lung disease restricting
breath-hold during CT scanning. The study was
approved by the Regional Ethics Committee, and all
participants provided written informed consent. During
the annual follow-up visit at the time of inclusion, the
patients’ demographics and medical history, medication,
biochemistry, and echocardiography were recorded.
Transplant International 2018; 31: 82–91
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The ICA was performed by standard hospital procedure.
The coronary arteries were assessed by one reader
blinded to the results of the CAC CT and graded as
normal or with lumen diameter reduction of <50%, 50–
70%, or ≥70%, and affected primary or secondary vessels were noted. Based on the results of the ICA and
echocardiography, each patient was classified according
to ISHLT CAV recommended nomenclature: not significant (CAV0), mild (CAV1), moderate (CAV2), or severe
(CAV3) [27]. Significant stenosis was defined as ≥50%
luminal reduction.

Long-term outcome
The medical records of the patients, which are continuously updated with information from the Norwegian
Population Register and computerized medical records,
were reviewed in February 2016 to ascertain long-term
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outcomes using the same variables as in other studies
[29,30]. This included graft survival and NF-MACE
defined as acute myocardial infarction, congestive heart
failure, need for percutaneous coronary intervention
(PCI), coronary artery bypass grafting, cardiac defibrillator placement, cerebral vascular accident, and peripheral
vascular disease. The inclusion date was defined as the
date of CT scan. Censored date for the outcome graft
survival was either the time of D/GL or the date of the
patient’s last recorded clinical follow-up. A combined
outcome was defined as the date of the first event of
either a NF-MACE or D/GL or the date of the patient’s
last recorded clinical follow-up if no adverse event
occurred.

of the study population are shown in Table 1. The median CAC Agatston score was 1 (interquartile range 0–
51). Of the 133 patients examined, 60 (45%) had no
CAC (NCAC group) and 73 (55%) had a CAC score >0
(CAC group). The donor age, time since HTX, allograft
age, and history of rejection were significantly higher in
the CAC group compared with the NCAC group.
Otherwise, the groups were comparable (Table 1). The
CAC score displayed a continuous increase with allograft age (Fig. 1) and time interval since HTX (Fig. 2),
but not with recipient age at time of inclusion (Fig. 3).
Donor atherosclerosis, defined as any grade of stenosis
detected at the baseline ICA after HTX, was only present in one of 124 patients. For nine patients, the report
of the baseline ICA was not available.

Statistics
Categorical variables are presented as frequency (percentage). Continuous variables are presented as
mean  standard deviation or median (interquartile
range). Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for CAC
CT were calculated using ISHLT CAV2–3 and significant
stenosis on ICA as references, respectively. Demographic
data, laboratory values, immunosuppressive medication,
and outcome data were compared in the groups with
and without CAC using independent samples T-test for
continuous variables, Pearson Chi-Square Test for categorical variables, and log-rank test. The association of
CAC with long-term outcomes was examined using
Kaplan–Meier plot and Cox regression analysis. Possible
confounders were identified. These were variables significantly different in the group with and without CAC, as
well as being significantly associated with long-term
outcome, either with D/GL and/or with the combined
outcome NF-MACE and D/GL. Results from the Cox
model are presented as hazard ratios (HR), P-values,
and 95% confidence intervals (95% CI). The statistical
analyses were performed using IBM SPSS Statistics version
21 (SPSS Inc., Chicago, IL, USA). A P-value <0.05 was
considered significant.

Results
One hundred and thirty-three HTX recipients were
included, 117 men and 16 women. At the time of CAC
CT, the mean age was 56  11 years, mean time interval after HTX was 7.8  5.0 years, and mean allograft
age was 42  12 years. The median time interval
between ICA and CT was 0 (interquartile range from
15 to 1) days. Demographic and clinical characteristics
84

CAC score and ISHLT CAV classification
In the total population, there were 69 (52%) CAV0, 48
(37%) CAV1, 8 (5%) CAV2, and 8 (6%) CAV3 patients
using the ISHLT recommended nomenclature. The
CAC score increased continuously with the severity of
ISHLT CAV (Fig. 4, Table 2). In the NCAC group, two
(3.3%) patients had ISHLT CAV2–3; while, 14 (19%) in
the CAC group had ISHLT CAV2–3. The CAC CT had
an overall sensitivity, specificity, PPV, and NPV for
ISHLT CAV2–3 of 88%, 50%, 19%, and 97%,
respectively.

CAC score and significant coronary stenosis
Seven (12%) and 13 (18%) patients had significant
coronary stenosis confirmed by ICA in the NCAC group
and CAC group, respectively. The CAC CT with ICA as
a reference had an overall sensitivity, specificity, PPV,
and NPV for significant coronary stenosis of 65%, 47%,
18%, and 88%, respectively. Of the 20 patients with significant stenosis, three were treated with PCI and two
of them had no CAC.

CAC score and long-term outcome
All participants were followed to the time of D/GL (52)
or to their last clinical follow-up (81) with an overall
mean follow-up time of 7.5  2.6 (range 0.3–10) years
after CAC CT. For one patient, the date of death was
recorded, but other clinical follow-up data were missing. This patient was excluded from the combined outcome analysis, as were five other patients diagnosed
and treated for heart failure prior to inclusion. In the
remaining 127 patients, there were 57 cases with
Transplant International 2018; 31: 82–91
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Table 1. Demographic and clinical characteristics of the study population according to the presence or absence of
coronary artery calcium (CAC; n = 133).
Characteristic

CAC = 0 (n = 60)

CAC > 0 (n = 73)

P-value

55  12
51 (85%)
38  12
27  4

55  13
66 (90%)
46  10
26  4

0.941
0.340
<0.001
0.799

49  14
5.9  4.2

46  14
8.5  5.0

Demographics
Recipient age (years)
Recipient male gender
Allograft age (years)
Body mass index (kg/m²)
Medical history
Recipient age at time of HTX (years)
Time since HTX (years)
Etiology heart failure
Cardiomyopathy
Coronary artery disease
Hypertension*
Diabetes mellitus
Current smoker
Rejection†
CMV treated
Medication
Immunosuppression
Mycophenolate Mofetil
Azathioprine
Cyclosporine
Tacrolimus
Everolimus
Prednisolone
Statins
Biochemistry
Creatinine (lmol/l)
eGFR (ml/min/1.73 m2)
Low-density lipoprotein (mmol/l)
Total cholesterol (mmol/l)
Donor characteristics
Donor male gender
Donor age (years)
Ischemic time (min)

0.287
0.002

32
19
42
9
9
15
11

(53%)
(32%)
(70%)
(15%)
(15%)
(25%)
(18%)

30
33
45
13
16
31
22

(41%)
(45%)
(62%)
(18%)
(22%)
(43%)
(30%)

0.159
0.111
0.313
0.664
0.310
0.035
0.129

26
33
56
4
3
59
52

(43%)
(55%)
(93%)
(7%)
(5%)
(98%)
(87%)

27
39
68
4
3
69
68

(37%)
(53%)
(93%)
(6%)
(4%)
(95%)
(93%)

0.457
0.856
0.967
0.774
0.806
0.250
0.210

101
69
3.1
5.3






31
20
0.9
1.0

33 (55%)
32  13
159  13

113
63
3.0
5.1






46
19
0.9
0.9

50 (69%)
37  12
139  74

0.068
0.064
0.511
0.197
0.052
0.014
0.145

CMV, cytomegalovirus; eGFR, estimated glomerular filtration rate, as measured by the MDRD formula.
Data expressed as number (percentage) or as mean  standard deviation, as appropriate. All variables reported, except for
donor characteristics, are from the time of inclusion, that is, the date of annual follow-up at time of CAC CT.
*Hypertension was defined as treated with medication.
†Biopsy-proven rejection grade ≥2 and/or antibody-mediated rejection.

NF-MACE and 23 cases with D/GL registered as first
events. During follow-up, 49 (71%) patients in the
CAC group experienced NF-MACE or D/GL versus 31
(53%) in the NCAC group (log-rank test, P = 0.011);
while, D/GL occurred in 34 (47%) and 18 (30%)
patients in the two groups, respectively (log-rank test,
P = 0.029, Table 3).
Unadjusted Cox regression analysis and Kaplan–
Meier plots showed a significant association between the
presence of CAC and a worse outcome both for D/GL
alone (HR 1.9, 95% CI 1.1–3.3; P = 0.032) and for the
Transplant International 2018; 31: 82–91
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combined outcome of either NF-MACE or D/GL (HR
1.8, 95% CI 1.1–2.8; P = 0.016) (Table 4, Fig. 5).
Male donor, time interval between TX and inclusion,
and creatinine >150 lmol/l (variable dichotomized;
dominant influence by the 95% percentile) were confounders significantly associated with D/GL and/or with
the combined outcome and were also significantly different in the groups with and without CAC (P < 0.10).
The CAC and these three variables were included simultaneously in a Cox regression model (Table 4), which
showed the presence of CAC to be significantly
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Figure 1 Agatston score according to different allograft age groups
at time of inclusion.

Figure 3 Agatston score according to different recipient age groups
at time of inclusion.

Figure 2 Agatston score according to different time intervals since
heart transplantation at time of inclusion.

Figure 4 Agatston score according to the International Society for
Heart and Lung Transplantation’s (ISHLT) recommended nomenclature for cardiac allograft vasculopathy (CAV).

associated with the combined outcome NF-MACE and
D/GL (HR 1.8, 95% CI 1.1–3.0; P = 0.023), but not
with D/GL alone (HR 1.7, 95% CI 0.93–3.2; P = 0.081).
We checked for nonproportional hazards in the multivariable model using the proportional hazard assumption test with Schoenfeld residuals and found no
significant time dependent effects.

Discussion
The major findings in the present study were that the
absence of CAC on CT predicts low prevalences of
ISHLT CAV2–3 and significant coronary artery stenosis
on a concurrent ICA with NPVs of 97% and 88%,
respectively. In a follow-up period of up to 10 years,
86

the presence of CAC was significantly associated with a
worse combined long-term outcome of NF-MACE and
D/GL.
To our knowledge, this is the first study to assess
the prognostic value of CAC CT using the ISHLT
CAV nomenclature, which is based on the combination of coronary visualization and allograft function
[27]. We found that CAC continuously increased with
the severity of ISHLT classified CAV. The prognostic
value of excluding ISHLT CAV2–3 has been demonstrated by Prada-Delgado et al. [31]. In their retrospective study, they reported that CAV2 and CAV3
detected at 1 year after HTX were associated with
poor prognosis.
Transplant International 2018; 31: 82–91
ª 2017 Steunstichting ESOT

Coronary calcium in heart transplant patients

Table 2. Agatston score by ISHLT CAV nomenclature.
ISHLT CAV
nomenclature
CAV0
CAV1
CAV2
CAV3

Agatston score
Median (interquartile range)

N = 133 (%)
69
48
8
8

(52)
(36)
(6)
(6)

0
11
54
789

(0–4)
(0–89)
(1–429)
(45–1501)

ISHLT, International Society for Heart and Lung Transplantation; CAV, cardiac allograft vasculopathy.

Table 3. Long-term outcome variables.
Outcome

CAC = 0

CAC > 0

P-value

D/GL (n = 133)
Cause of D/GL
Sudden death
Cardiac-related D/GL*
Malignancy
Other
Unknown
NF-MACE or D/GL (n = 127)
NF-MACE first event
Acute myocardial
infarction
Heart failure†
Need for percutaneous
coronary intervention
Coronary artery bypass
grafting
Cardiac defibrillator
placement
Cerebral vascular
accident
Peripheral vascular
disease

18 (30%)

34 (47%)

0.029

2
3
8
4
1
31

4
7
8
11
4
49

0.553
0.318
0.675
0.127
0.250
0.011

(3%)
(5%)
(13%)
(7%)
(2%)
(53%)

2 (3%)
4 (7%)
16 (28%)

(6%)
(10%)
(11%)
(15%)
(6%)
(71%)

1 (1)
4 (6%)
24 (35%)

0.460
0.799
0.384

0

0

0

0

2 (3%)

2 (3%)

0.860

0

2 (3)

0.191

CAC, coronary artery calcium; D/GL, death or graft loss; NFMACE, nonfatal major cardiac events.
Data expressed as number (percentage).
*Cardiac-related D/GL includes transplant failure, graft sclerosis, and myocardial infarction.
†Heart failure defined as diagnosis and treatment for
myocardial dysfunction.

The CAC CT is limited to detecting the calcified
and necrotic component of coronary wall pathologies.
However, the development of calcifications in CAV is
poorly understood. The total atherosclerotic burden in
a HTX patient is a composite of donor-mediated disease, CAV, and native atherosclerosis. Both CAV and
native atherosclerosis consist of fibrofatty plaques and
smooth muscle cell proliferation [32,33]. Calcified
Transplant International 2018; 31: 82–91
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lesions are less predominant in CAV, but calcified and
necrotic components increase with time after HTX [4],
and late CAV has pathophysiological similarities to
native coronary atherosclerosis [5]. It is unclear
whether this is transformation of fibrofatty intimal
proliferation to more malignant calcified and necrotic
lesions or infiltration of native atherosclerosis in CAV.
In our population, risk factors such as cholesterol levels,
smoking, diabetes, and hypertension were not different
in the CAC and NCAC groups. Furthermore, the time
interval after HTX was significantly longer in the CAC
group. This might support the theory of transformation
from fibrofatty to calcified and necrotic CAV rather
than infiltration of native atherosclerosis driven by regular risk factors. Our finding is contradictory to what
Hernandez et al. [4] reported; in their study, necrotic
core and calcium components detected by intravascular
ultrasound (IVUS) virtual histology became more prevalent with time, especially when influenced by cardiovascular risk factors. Von Ziegler et al. [25] found CAC
continuously increased with allograft age groups, similar
to the CAC distribution in different age groups of the
general population. Further, within each age group,
there was no significant difference in CAC of patients
with and without CAV detected by ICA; thus, they
hypothesized that CAC represents pre-existing or independently developing de novo atherosclerosis rather
than allograft vasculopathy. In our study group, the
median CAC score also continuously increased with
allograft age (Fig. 1) and the time interval since HTX
(Fig. 2). The time interval since HTX was significantly
longer in the CAC group than in the NCAC group in
our study. This makes it difficult to conclude whether
the increase in CAC primarily reflects allograft age, time
interval after HTX, or both.
We also evaluated CAC and its association with significant stenosis on ICA. An annual ICA can identify
potential significant stenosis eligible for PCI. As ICA is
an invasive procedure with a small, but not negligible
risk of complications, a screening tool for potential
significant stenosis would be of great clinical interest
to serve as a gatekeeper for ICA. In this study, we
found that the absence of CAC on CT predicts a low
prevalence of significant coronary artery stenosis on a
concurrent ICA with a NPV of 88%. In two other
studies by Barbir et al. [18] and Mittal et al. [26], a
negative CAC CT had NPVs of 95% and 94%, respectively, and a NPV of 99% for a CAC score >55 was
reported by Knollmann et al. [22]. All three studies
predicted stenosis ≥50%. A review by Sarwar et al. [8],
including 10 255 patients in 18 studies, reported that
87
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Table 4. Long-term outcome results from Cox regression analysis.
Unadjusted

Adjusted*

Long-term outcome

Clinical variables

HR

95% CI

P-value

HR

95% CI

P-value

D/GL

CAC
Male donor
Time since TX (Q4 vs. Q1)
Creatinine >150 lmol/l
CAC
Male donor
Time since TX (Q4 vs. Q1)
Creatinine >150 lmol/l

1.9
0.63
0.47
4.3
1.8
0.59
0.94
1.1

1.1–3.3
0.35–1.2
0.22–1.0
2.2–8.5
1.1–2.8
0.37–0.96
0.52–1.7
0.51–2.2

0.032
0.137
0.054
<0.001
0.016
0.034
0.826
0.866

1.7
0.60
0.53
5.2
1.8
0.64
1.2
1.0

0.93–3.2
0.36–1.3
0.23–1.2
2.5–11.1
1.1–3.0
0.39–1.1
0.65–2.3
0.45–2.3

0.081
0.122
0.123
<0.001
0.023
0.087
0.555
0.987

D/GL and NF-MACE

D/GL, death/graft loss; NF-MACE, nonfatal major adverse cardiac events; CAC, coronary artery calcium; HR, hazard ratio; CI,
confidence interval; Q, quartile.
*Adjusted—All variables are included simultaneously in the regression analysis.

Figure 5 Unadjusted Kaplan–Meier curve of the combined outcome nonfatal major adverse cardiac events (NF-MACE) and death or graft loss
(D/GL) according to coronary artery calcium (CAC) group.

the absence of CAC on CT had a NPV of 93% for significant coronary stenosis in the general population.
Therefore, our findings are consistent with other
88

publications on CAC and significant stenosis in HTX
patients, as well as results from large scale studies of
the general population.
Transplant International 2018; 31: 82–91
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The absence of CAC in HTX patients does not, however, definitively exclude the presence of significant
stenosis. This is underscored by the finding that two of
three patients treated with PCI had no CAC. Manifestation of significant stenosis in patients with no CAC is
also documented in a nontransplanted population [11].
Hence, the clinical use CAC CT as a gatekeeper for ICA
is of limited value. CAC score used in combination with
one or more other markers could potentially increase its
clinical value in a HTX population; for example, CAC
score in combination with Troponin, probrain natriuretic peptide, and a stable clinical situation. In patients
with relative contraindications for ICA, CAC score
could be especially valuable, that is, difficult access for
invasive procedures, previous coronary dissection or
cerebral stroke, severe kidney impairment, or allergy to
iodine contrast agent. In such patients, a negative CAC
CT could support limiting ICA.
We found the presence of CAC was significantly associated with worse long-term outcome in a follow-up
period of up to 10 years. CAC was associated with the
combined outcome NF-MACE or D/GL, but not with
D/GL alone. The latter could be explained by the high
number of noncardiac deaths that do not reflect CAV,
as 31 (60%) patients had malignancy or “other” registered as the cause of death. Our CAC long-term outcome results are in line with our finding that CAC
reflects the severity of ISHLT CAV. Prada-Delgado et al.
[31] demonstrated ISHLT CAV severity had a prognostic significance for long-term outcome; similarly, our
study showed a relation between the presence of CAC
and a worse long-term outcome. To our knowledge,
there is only one other study on CAC and long-term
outcome in a HTX population. Lazem et al. [20] studied CAC as a predictor of cardiac events in 91 subjects
with a mean follow-up of 2.12 years and found that
CAC was a significant predictor of cardiac events.
One obvious limitation of our study is the sample size,
especially compared with the large cohort studies of CAC
in the general population. Single-center studies on HTX
patients are naturally limited by the number of available
patients. Other studies reporting on CAC in HTX recipients included 55–161 patients [18,22,23,25,26]. It is well
documented that ICA underestimates CAV in HTX
patients compared with IVUS [34], and further studies
should include IVUS parameters, including virtual histology, to more precisely detect the evolution of atherosclerosis and the calcified component of the matrix. Our

Transplant International 2018; 31: 82–91
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study included patients at any time after HTX, and CAC
CT was only performed once. Serial examinations of CAC
CT in a cohort of de novo HTX patients could provide
valuable knowledge on when to do CAC CT and how to
incorporate it in the follow-up of HTX, especially in combination with studies of other CAV markers.

Conclusion
We found the absence of CAC on CT predicts very low
prevalences of ISHLT CAV2–3 and significant coronary
artery stenosis on a concurrent ICA with NPVs of 97%
and 88%, respectively; however, it does not definitively
exclude the presence of significant stenosis. The presence of CAC was associated with a worse long-term
combined outcome of NF-MACE and D/GL in HTX
patients during up to 10 years follow-up. The clinical
utility of the CAC score should be explored in a larger
population and preferably in combination with other
markers of CAV.
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