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Abstract
Background. Coronary artery calciﬁcation (CAC)
measured by electron beam computed tomography
(EBCT) correlates with plaque burden, vessel stenosis
and is predictive of future cardiac events in the general population. Extensive CAC has been described
recently in dialysis cohorts. For the ﬁrst time we
studied the relationship between CAC and coronary
angiographic ﬁndings in patients with chronic renal
failure, on dialysis and after renal transplantation.
Methods. We studied 46 patients who all had an
EBCT-derived Agatston coronary calcium score and a
diagnostic coronary angiogram within a 12-month
period. The mean age was 55.7±13.2 (SD) years
(range 29–80). The mean duration of dialysis was
54.4 months (range 1–372).
Results. The mean CAC was 2370±352.8. The mean
CAC in patients with an abnormal coronary angiogram (n ¼ 35) was 2869.6±417.9, while that in patients
with a normal coronary angiogram (n ¼ 11) was
559.4±255.1 (P ¼ 0.001 for the inter-mean comparison). Total CAC correlated with the number of
diseased vessels (P ¼ 0.0001) and with severity of
atherosclerosis in all the vessels (P ¼ 0.0001). The
individual coronary artery calciﬁcation score correlated well with the severity of atherosclerotic coronary
disease (P<0.0001 for all) in the left anterior descending, right coronary and circumﬂex arteries. Running a
multivariate regression analysis for atherosclerosis
burden, we found that the only predictor was CAC
(r ¼ 0.34, P ¼ 0.0001).
Conclusion. CAC is common and more severe in
patients with chronic kidney disease. Although in
chronic kidney disease patients CAC can occur in the
absence of occlusive coronary atherosclerosis, our data
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suggest that, as in the general population, CAC in
chronic kidney disease patients is associated with
obstructive atherosclerosis and may therefore be
associated with a worse outcome.
Keywords: coronary angiography; coronary artery
calciﬁcation; electron beam computed tomography
(EBCT)

Introduction
The life expectancy of end-stage renal disease (ESRD)
patients is signiﬁcantly reduced, with premature cardiovascular disease (CVD) contributing to about half of
the deaths [1,2]. The risk of death increases 500- to
1000-fold in dialysis patients of 15–25 years of age.
Even after transplantation, the risk of death is >5-fold
that of the age-matched general population [3].
Traditional CVD risk factors such as hypertension,
left ventricular hypertrophy, dyslipidaemia and hyperhomocystinaemia are very frequently present in renal
cohorts, but these fail to explain more than a part of the
accelerated mortality rates. There are speciﬁc additional risk factors related to ESRD that contribute
to the development of accelerated atherosclerosis and
uraemic arteriopathy [4,5].
Many novel CVD risk factors in ESRD have been
identiﬁed, with much interest currently in serum
calcium and phosphorus levels, calcium–phosphorus
ion product and parathyroid hormone (PTH) [6]. There
is intense interest in the relationship between calcium
homeostasis, ectopic calciﬁcation (in heart and great
vessels), and functional and structural changes that
predispose to adverse cardiovascular outcomes [5].
In dialysis patients, both atheromatous plaque calciﬁcation and calciﬁcation in the media of the vessel
wall (arteriosclerosis and increased vessel stiffness)
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are common and are related to hypertension, duration
of dialysis, oral calcium intake and disturbed calcium–
phosphate homeostatis [7,8]. Cardiac calciﬁcation
(valves, arteries, mycoardium and pericardium) is also
common and occurs signiﬁcantly more frequently than
in the general population [9]. Coronary artery calciﬁcation (CAC) is seen in the general population only in
the context of atherosclerosis; however, several recent
reports have demonstrated widespread premature and
rapidly progressive CAC in patients on dialysis
[7,10,11]. Oh et al. demonstrated vascular calciﬁcation
in 92% of 39 patients aged between 19 and 39 with
childhood onset renal failure [12].
The reasons for this excessive arterial calciﬁcation,
and for rapid progression of calciﬁcation on dialysis,
are not fully understood. There is some evidence that
this tendency may not be inevitable, as a recent study
has shown that avoidance of calcium-containing oral
phosphate binders, and reduction in positive calcium
balance and hypercalcaemia, may reduce progression
of CAC in dialysis patients [13]. However, until now,
the implications of the presence of CAC in renal failure
patients have not been known. Therefore, to know
more about the relationship between CAC and coronary artery disease (CAD) atherosclerotic burden,
we studied the relationship between the electron
beam computed tomography (EBCT)-derived CAC
score and the atherosclerotic burden from coronary
angiography (CA) in a cohort of patients with chronic
renal failure.

Methods
Study subjects
Over a period of 2 years (May 2001–May 2003), 82 patients
from our renal unit were invited to participate in a study
comparing diagnostic CA and EBCT ﬁndings. Patient
selection for diagnostic CA was done on clinical grounds:
for renal transplantation evaluation, for symptoms of rest, or
exertional, chest pain or recent myocardial infarction. A total
of 62 agreed to undergo EBCT and, of these, 46 (33 males and
13 females) were able to have their diagnostic CA within 12

months of the EBCT scan. CA preceded EBCT in 36 cases,
and followed it in 10. Only the results of these 46 patients’
have been analysed. All of the studied patients had renal
impairment: 16 were on haemodialysis, four on continuous
ambulatory peritoneal dialysis, eight had chronic kidney
disease not requiring dialysis (glomerular ﬁltration rate
<25 ml/min) and 18 were post-renal transplantation (all
but two of these had been dialysed for signiﬁcant periods
pre-transplantation).
The causes of renal failure in the 46 patients included
glomerulonephritis in 18, diabetes in 12, Alport’s disease in
four, renovascular disease in ﬁve, polycystic kidney disease
in three, and reﬂux nephropathy and hypertension in two
patients each.
All the patients had their EBCT and CA within 12 months
of each other. Baseline data on height and weight were
measured at the time of EBCT. Information about systolic
and diastolic blood pressure (BP), the duration of chronic
renal disease, and previous parathyroidectomy was gathered.
The time-averaged systolic and diastolic BP, calcium,
phosphorus, PTH, calcium–phosphorus product, albumin
and C-reactive protein (CRP) were derived from 12–84
months of routine biochemical information (see Table 1).
Medication charts for the preceding 1–8 years (on dialysis)
were reviewed to calculate the daily dose of calcium-containing phosphate binder, and the total cumulative exposure to
calcium-containing oral phosphate binders. The diagnosis of
atherosclerotic vascular disease was reached by clinical
diagnosis of CAD in 35 patients (a history of myocardial
infarction in 21 patients, angina pectoris in 31 patients, or
evidence of obstructive coronary disease by previous angiography and nuclear imaging in 35 patients). Cerebrovascular
disease (a history of thrombotic stroke or transient ischaemic
attack) was known about in ﬁve patients, and peripheral
vascular disease (a history of claudication, lower extremity
revascularization or abnormal ultrasonic angiology studies of
aorto-iliac regions) was evident in 21 patients.

EBCT protocol
All subjects underwent EBCT at the Imatron Unit, Royal
Brompton Hospital on a C-100 scanner (Imatron: South San
Francisco, CA) [14]. Images were performed with 100 ms
scanning time and a single slice thickness of 3 mm. Thirty-six
to 40 tomographic slices were obtained for each subject

Table 1. Patient characteristics

Age (years)
Weight (kg)
Dialysis duration (months)
Transplant duration (months)
Time-averaged CRP (mg/l)
Albumin (g/l)
Cholesterol (mmol/l)
Time-averaged calcium (mmol/l)
Time-averaged phosphate (mmol/l)
Serum calcium–phosphorus ion product (mmol2/l2)
PTH level (nmol/l)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

n

Mean

Median

SD

Minimum

Maximum

46
46
38
22
46
46
45
46
46
46
33
46
46

55.7
72.3
54.4
80.8
19.2
35.4
4.9
2.4
1.5
3.6
315.9
143.9
74.9

59.0
70.0
23.5
44.5
9.5
35.0
4.8
2.4
1.5
3.6
200.0
138.5
70.0

13.2
16.0
78.7
81.4
25.0
4.3
1.2
0.13
0.33
0.80
337.7
28.9
13.3

29.0
48.0
1.0
3.0
1.0
22.0
1.8
2.2
1.0
2.3
5.1
90.0
50.0

80.0
135.0
372.0
276.0
151.0
43.0
8.0
2.8
2.5
5.5
1213.3
219.0
104.0
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during two breath-holding sessions. Tomographic imaging
was electronically triggered at 80% of the R–R interval, to
minimize cardiac movement, and proceeded from the carina
to the diaphragm. The intra-assay coefﬁcient of variation for
the scoring was <5%.
The acquired images were scored with the use of Imatron
software by a single radiologist blinded to the clinical or
angiographic history of the patient. As originally described by
Agatston [14], the degree of CAC was calculated by multiplying the area of each calciﬁed lesion by a weighting factor
corresponding to the peak pixel intensity for each lesion to
yield a lesion-speciﬁc calciﬁcation score. The sum of the scores
for each arterial segment, and for all arterial lesions, was
used for analysis. We examined the proximal segments of
four vessels: left main stem, left anterior descending artery,
circumﬂex artery and right coronary artery. Figure 1 shows
the EBCT CAC ﬁndings in one of the patients from this study.

Protocol for coronary angiography
Diagnostic CA was performed in one centre always using the
Judkins technique. The angiographic ﬁndings were reported
by different cardiologists in our centre, but all were blinded
to the EBCT score results. Signiﬁcant occlusive disease
was deﬁned as >50% luminal narrowing of any epicardial
coronary artery. The degree of severity of atherosclerosis or
atherosclerosis burden was calculated by adding the percentages of the most severe lesion in each artery (thus the range
was 0–400% as we were studying four vessels).

Statistical analysis
All values are expressed as mean ± SE unless stated in the
text. Spearman’s r correlation (non-parametric) coefﬁcient
was used for bivariate correlation calculations. Bivariate
partial correlations were used to correct for possible confounders. Comparisons between groups were made using
the Mann–Whitney test. Kruskal–Wallis test was used to
compare more than two not normally distributed means.

Fig. 1. EBCT scan ﬁndings from one of the 46 patients in the
study: extensive triple vessel calciﬁcation.

2309

We ran a multivariate regression analysis to look for
correlates of coronary atherosclerosis. SPSS 11.5 was the
statistical program used. A P-value of <0.05 was considered
to be statistically signiﬁcant.

Results
Baseline characteristics of the patients are outlined in
Table 1. The mean age of the 46 patients was 55.7±13.2
(SD) years (range 29–80). There were 13 females and 33
males. The mean duration of dialysis was 54.4 months
(range 1–372). The median gap between CA and EBCT
scanning was 6 months (range 0.1–12).
Total calcium score
The mean calciﬁcation score of the 46 patients was
2370±352.8 (median ¼ 1866, range 1–7699). The mean
calcium score in patients with an abnormal CA was
2869.6±417.9 (median ¼ 2115, range 3–7699), while
the mean calcium score in patients with a normal CA
was 559.4±255.1 (median ¼ 150.5, range 1–2447).
When compared, those two means were signiﬁcantly
different (P ¼ 0.001).
Total calcium score strongly correlated with the
number of diseased vessels (P ¼ 0.0001, r ¼ 0.546), i.e.
as the calcium score increased, the number of diseased
arteries increased. We divided our patients into three
categories. The ﬁrst category was normal coronary
arteries (11 patients); the second category, one and two
vessel disease (15 patients); and the third category,
three or four vessel disease (20 patients). The average
calcium score in the ﬁrst category was 619.1±238.3
(median ¼ 243, range 1–2447), in the second category it
was 1949.8±417.7 (median ¼ 1902, range 142–5661),
and in the third it was 3739.55±629 (median ¼ 3273,
range 4–7699) (Figure 2). The CAC scores for these

Fig. 2. Bar chart showing the mean calcium in three categories of
patients (labelled ONE, TWO and THREE). No vessel disease
(n ¼ 11), one and two vessel disease (n ¼ 15) and three and four
vessel disease (n ¼ 20). P ¼ 0.01 for each inter-mean comparison.
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Fig. 3. Scatter plot showing the relationship between severity of obstructive atherosclerosis and total coronary artery calcium score.

CAD categories were each signiﬁcantly different
(Kruskal–Wallis P ¼ 0.003).
Total calcium score correlated with total atherosclerotic burden in the four vessel territories (atherosclerosis burden was obtained by adding the
percentages of the most severe luminal occlusion in all
four vessels); P ¼ 0.0001, r ¼ 0.632 (see Figure 3).
Running a multivariate regression analysis to identify the best predictor(s) for atherosclerosis burden, we
found that the only predictor was CAC (r ¼ 0.34,
P ¼ 0.0001). However, the calcium–phosphorus ion
product, time-averaged calcium, time-averaged phosphorus, age, time-averaged CRP, and systolic BP did
not predict atherosclerosis burden.
Total calcium score also correlated, as demonstrated
in other studies, with patient age (P ¼ 0.01, r ¼ 0.541),
dialysis duration (P ¼ 0.041, r ¼ 0.333), total cumulative exposure to calcium-containing oral phosphate
binders (P ¼ 0.037, r ¼ 0.355) and time-averaged CRP
(P ¼ 0.023, r ¼ 0.425), but not with the time-averaged
plasma calcium, phosphate and calcium–phosphorus
ion product concentrations (data not shown). After
conducting a partial correlation correcting for the
above signiﬁcantly related variables, total calcium
score still correlated with the number of diseased
vessels (r ¼ 0.608) and the severity of atherosclerosis
(r ¼ 0.614); P<0.0001 for both. Finally, total calcium
score was again strongly correlated with previous
history of angina and CAD, but not with a
previous history of myocardial infarction (P ¼ 0.004,
r ¼ 0.435).

Individual vessel calcium score
Running Spearman’s correlation analysis in each
vessel, we found that the calcium score in the left
main artery correlates weakly with the presence and
severity of the disease in that artery; P ¼ 0.013,
r ¼ 0.363. However, it strongly correlated with the
severity and presence of disease in the left anterior
descending (r ¼ 0.538), right coronary (r ¼ 0.626) and
circumﬂex artery (r ¼ 0.521); P<0.001 for all.
Analysis restricted to transplanted and dialysed
patients only
Running the above statistical methods on a restricted
subset of patients (20 dialysed, 16 transplanted) still
produced strong positive associations between CAC
and coronary atherosclerotic burden (data not shown).

Discussion
This is the ﬁrst study systematically to examine the
relationship between CAC determined by EBCT and
angiographically proven CAD in chronic kidney
disease patients. This is an important issue because
although very considerable increases in EBCT-derived
CAC scores are reported regularly in chronic kidney
disease patients, to date it has not been clear whether
this represents medial vascular calciﬁcation associated

Comparison of EBCT coronary artery calcium scores and coronary angiography

with arteriosclerosis, intimal atherothesclerotic calciﬁcation, or both. The potential importance of this
distinction between intimal and medial calciﬁcation has
been shown by London’s group recently, where there
was a signiﬁcant suvival difference [15]. Our data
suggest that both processes occur, but that the patients
with very high CAC scores have a signiﬁcant atherosclerotic burden.
Our data were analysed in two complementary ways.
The ﬁrst was the use of the total calcium score (CAC),
and we found that it increased linearly with the number
of diseased vessels and with the severity of disease in all
vessels combined together. Importantly, many patients
with normal epicardial coronary arteries had mild CAC
(all but one with a score <1000). However, there was
a clear relationship between CAC score and atherosclerotic CAD burden—the higher the calcium score,
the more severe was the disease, and the more vessels
were involved.
The second analysis involved using the CAC score
for each vessel alone. Again we found that individual
calcium score in a given vessel correlated with the
severity of disease in that artery. This correlation was
strongest in left anterior descending, right coronary
and circumﬂex vessels, and weaker in the left main stem,
but still statistically signiﬁcant (reﬂecting the small
number of patients whom we studied with main stem
disease).
Coronary calcium score is a highly sensitive marker
of underlying atherosclerotic disease [16–18], and
coronary calciﬁcation has been shown to be associated
with cardiovascular events in individuals not affected
by kidney disease [19,20]. In ESRD, Braun et al. [7]
evaluated 49 patients with EBCT and they found a
signiﬁcantly greater calciﬁcation score than non-ESRD
patients with established CAD.
Our ﬁndings have shown for the ﬁrst time that as in
non-ESRD patients, the CAC does correlate with CAD
burden. However, we have no long-term follow-up of
our population to determine whether, as in non-ESRD
patients, a high calcium score has adverse prognostic
value. Cardiac calciﬁcation scores in our cohort were
very much higher than those seen in age- and gendermatched non-ESRD patients. It is striking that patients
with normal CA ﬁndings had a mean calcium score of
559.4±255.1 (median ¼ 150.5, range 1–2447), which in
the non-renal setting would be indicative of signiﬁcant
CAD. Accepting the limitations of diagnostic CA, it
is reasonable to infer that much if not all of this
calciﬁcation was in the arterial media. EBCT imaging
cannot per se differentiate the site (intima vs media) of
the CAC; this is best achieved either by intravascular
ultrasound or by optical coherence tomography.
It is not known whether regression of vascular
calciﬁcation can occur in medium to large muscular
and elastic arteries. In contrast, vascular calciﬁcation
can regress in smaller (e.g. digital) arteries [8]. Our
cross-sectional study, of necessity, cannot address this
point, and most of the available literature suggests
chronic progression on dialysis; however, it is noteworthy that despite normal calcium–phosphate and
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PTH parameters, many of the renal transplant patients
in our study had scores as high, or higher, than patients
currently on dialysis. This does not support the concept
of signiﬁcant regression of vascular calciﬁcation simply
by normalizing calcium–phosphate metabolism, in
contrast, for example, to tumoral calcinosis. It is
important to emphasize that measurement of plasma
calcium, phosphate or calcium–phosphate product did
not accurately predict the presence of calciﬁed atherosclerotic lesions in the coronary arteries of dialysis
patients (analogous to the limited value of relying on
low-density lipoprotein-cholesterol values to predict
atherosclerosis). The current state of knowledge concerning CAC in patients with chronic kidney disease is
reviewed elsewhere in detail [21,22].
Taking an arbitrary cut-off point of 1000 for the
CAC score, the calculated speciﬁcity and sensitivity
for the presence of CAD were 44 and 92.8%, respectively, with a positive predictive value of 72% and a
negative predictive value of 80%. Of course, we cannot draw a ﬁrm conclusion about the potential role
of EBCT in the diagnosis and prediction of CAD from
a small study such as this, but the data suggest
that EBCT should be trialled prospectively alongside
nuclear scintigraphic and stress-echocardiographic
screening modalities.
Our study was limited principally by a relatively
small number of patients (we were able to recruit 46
kidney disease patients over 24 months who had both
EBCT and angiography within 12 months of each
other) and by their heterogeneity. However, even
restricting the analysis to patients on dialysis or after
renal transplantation did not materially affect the
results. It must also be recognized that CA, although
the historical ‘gold standard’ for coronary imaging, is
relatively insensitive to the earlier stages of vascular
remodelling (which may be studied better using optical
coherence tomography or intravascular ultrasound).
In summary, in our study, we have found that
although there is signiﬁcant calciﬁcation in many
patients with normal CA ﬁndings, the degree of
CAD in those patients with occlusive atherosclerosis
was well linked to the CAC score using EBCT.
Further studies to determine the prognostic, and screening, value of these EBCT-derived scores are urgently
required.
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