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Abstract
Background. Coronary artery calcification (CAC) is
prevalent in patients with chronic kidney disease (CKD).
Data on the reliability and validity of high-resolution com-
puterized tomography (HRCT) in patients with CKD is
lacking. The purpose of this study was to evaluate the inter-
and intra-reviewer agreement and inter-scan reproducibility
of CACS measurement with HRCT in a cohort of patients
with CKD prior to dialysis, and to compare the change in
CACS at 30 minutes to the change in CACS over 1 year.
Methods. Thirty-three patients with CKD not yet on dial-
ysis underwent an HRCT scan at baseline and 1 year to as-
sess for CAC and CAC progression. Two radiologists inde-
pendently reviewed films and each radiologist re-reviewed
a randomly selected subset of films they had previously
viewed, to assess for inter-reviewer and intra-reviewer reli-
ability, respectively. Patients underwent a repeat scan within
30 min of the first baseline scan to assess for inter-scan re-
producibility.
Results. At baseline, eight patients (24%) had no CAC. Of
the 25 patients (76%) with CAC, 10 (40%) had severe calci-
fication. Intra-reviewer agreement was 83%. Inter-reviewer
agreement ranged between 77 and 94%. Six (27%) of the
patients with >30 baseline CACS had >15% change in
CACS following repositioning. Four of these patients had
an increase in CACS with position change [18% (95% CI:
5–40%)]. Of the 21 patients who underwent a follow-up
scan at 1 year, 7 (33%) demonstrated CACS progression.
Conclusions. There is significant imprecision in HRCT-
derived CACS in CKD patients. This suggests a need for
standardization of methods of CACS measurement with
HRCT.
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Introduction

Cardiovascular disease (CVD) is the most frequent cause
of morbidity and mortality in patients with chronic kidney
disease (CKD) [1]. Risk factors for CVD include traditional
cardiac risk factors, as well as non-traditional risk factors
such as abnormalities of mineral metabolism. These ab-
normalities have been associated with mortality and CVD
morbidity in epidemiological studies, as well as physiolog-
ical studies of arterial stiffness and vascular calcification
[2–4].

Multiple general population studies now describe the
association of coronary artery calcification (CAC) with
cardiovascular morbidity and mortality. High-resolution
computerized tomography (HRCT) is a highly sensitive
technique for detecting CAC [5] and provides a quantitative
coronary artery calcification score (CACS).

It has been shown that the magnitude of CAC is sub-
stantially higher in patients with CKD than in the general
population. Patients on haemodialysis have higher scores
compared to those at earlier stages of CKD [6–9]. How-
ever, the CACS was developed and validated in the general
population without CKD, and data regarding its validity and
the significance of CACS levels in the CKD population are
scarce. Of greater importance, the reliability of the CACS
is not documented in CKD. These data are important with
increasing use of the CACS in outcome studies and clinical
trials involving CKD patients.

The purpose of this study was to evaluate the inter- and
intra-reviewer agreement and inter-scan reproducibility of
CACS measurement with HRCT in a cohort of patients with
CKD prior to dialysis, and to compare the change in CACS
at 30 min to the change in CACS over 1 year. These data on
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the reliability of the CACS in this patient population will
facilitate the interpretation of the test.

Methods

Study design and procedures

Patients. Patients cared for in the Kidney Function Clinic
at St. Paul’s Hospital, Vancouver, British Columbia, who
had an estimated glomerular filtration rate (GFR) between
15 and 60 ml/min/1.73 m2 (0.25–1.0 ml/s/1.73 m2) (CKD
Stages 3 and 4) were eligible for inclusion. Exclusion crite-
ria included the expected life expectancy of <1 year from
non-cardiac causes (e.g. AIDS, active malignancy), acute
severe illness, conditions preventing cardiac gating dur-
ing HRCT (documented heart rate >90 beats/min, atrial
fibrillation or flutter), demonstrated progression of kidney
dysfunction >5 ml/min/1.73 m2 in the previous 6 months,
pregnancy or a plan to become pregnant and refusal to pro-
vide informed consent. Consecutive patients fulfilling the
eligibility criteria were approached and consented, from
the existing Kidney Function Clinic population. A total of
33 patients were included.

Clinical data extraction

Medical records were reviewed to obtain demographic data,
information on the presence of traditional cardiac risk fac-
tors, coronary artery disease and other comorbidities, med-
ications, blood pressure and laboratory results. Current
smoking status, the presence of traditional cardiac risk fac-
tors, cardiac history and medications were confirmed with
the patient. Diabetes was defined as present if the patient
was prescribed anti-hyperglycaemic medications, had an
elevated haemoglobin A1C or diabetes as a cause of CKD.
Hypertension was defined by blood pressure >130/80 or
taking antihypertensive medications. Patients were consid-
ered to have coronary artery disease if they had a history
of previous myocardial infarction or angina, or a positive
stress test or angiogram. Estimated GFR was calculated
from the serum creatinine measured in closest proximity
to the HRCT scan using the four-variable Modification of
Diet in Renal Disease (MDRD) Study equation [10].

Imaging procedures

Patients underwent two non-contrast, 64 multi-slice HRCT
scans within 30 min of each other, with a period of ambu-
lation between the studies. A further scan was performed at
1 year to evaluate the progression of CAC. All scans were
performed in the same room, using the same equipment.
HRCT cine acquisition collected 2.5-mm contiguous ax-
ial slices from the tracheal carina to the inferior margin of
the heart (GE Medical Systems Lightspeed Plus, 120 kV,
10 mA). All areas of calcification with a minimum density
of 130 Hounsfield Units within the borders of the coro-
nary arteries were computed. Images were recorded during
breath-holding sessions. CT imaging was triggered at 80%
of the R-R interval. The acquired images were reviewed on
a dedicated workstation (Advantage Work Station, General
Electrics). A calcium score was calculated by the Agatston

method [11], where the area of the calcified plaque is mul-
tiplied by a weighted coefficient based on the peak density
of the calcification, and the CACS is expressed in Agatston
units (AU). A CACS was calculated individually for the left
main, left circumflex, left anterior descending, posterior de-
scending and right coronary arteries. The scores were then
summed to calculate the total CACS.

Scoring of scans

A single expert radiologist reviewed all films. A second
expert radiologist reviewed a randomly selected subset of
films to determine inter-reviewer agreement. Each radiolo-
gist then re-reviewed a subset of films they had previously
viewed, with a mean of 7 days between readings. For all
readings, the radiologists were blinded to all patients and
any prior information on the scan.

Statistical analysis

Descriptive statistics for the continuous variables are pre-
sented as mean with standard deviation (SD), or median
with inter-quartile range (IQR) depending on distribution.
Continuous baseline variables were compared using the
one-way ANOVA or Kruskal–Wallis tests as appropriate.
Categorical variables were compared using the Fisher’s ex-
act test. Calcification data were categorized into CACS
groups according to the classification system that has been
validated for the quantification of CACS in the general
population and modified for use in dialysis populations: no
calcification (0 AU), mild to moderate (1–400 AU), severe
(401–1000 AU) and very severe (>1000 AU) [12–14]. The
mean of the scores calculated by the two radiologists, where
available, was treated as the score at each time point, with
the aim being to minimize error from each reviewer.

Change in CACS after repositioning and 1 year was de-
scribed in two ways: by difference and percent difference.
Change after repositioning was also described by abso-
lute difference and percent absolute difference from base-
line. Because of inability to calculate percent change in
those with a zero baseline CACS, the percent change from
baseline was only applicable to those with a >30 baseline
CACS [12,13]. For patients with a CACS >30, a true change
was defined as a >15% change from baseline, consistent
with previous studies [12,13]. An exact binomial 95% con-
fidence interval (CI) for the proportion of patients with
an >15% increase from baseline was constructed. For the
intra-reviewer and inter-reviewer reliabilities, we looked at
the total score difference within 15% of each other for the
two readings/radiologists. All tests were two-sided, with P-
value <0.05 considered significant. Analyses were carried
out using SAS software, version 9.1 (SAS Institute, Cary,
NC).

The St. Paul’s Hospital Ethics Committee approved the
protocol. All patients provided written informed consent.
The results of the radiological tests were not formally re-
ported to any attending physicians.

Results

Table 1 shows the baseline demographic and clinical char-
acteristics of the cohort according to the CACS grade. The
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Table 1. Summary of baseline characteristics

Variable Total Calcification P-value

None Mild to moderate Severe Very severe

N 33 8 9 6 10
Calcification score (AU) 379 [22.8–1028] 0 [0–0] 163 [74.0–309] 540 [505–625] 2021 [1184–2940] <0.01
Estimated GFR (ml/min/1.73 m2) 28 [23.7–35.9] 30 [22.1–35.8] 28 [27.0–42.0] 31 [24.9–32.3] 28 [17.5–42.3] NS
Age (years) 65.6 [11.8] 51.1 [9.8] 67.4 [6.6] 68.2 [9.9] 73.9 [7.7] <0.01
Female (%) 21 25 44 0 10 NS
Weight (kg) 86.2 [18.8] 87.9 [16.1] 88.7 [26.2] 87.3 [17.8] 82.2 [16.6] NS
Smoker/ex-smoker (%) 47 25 33 50 60 NS
Diabetes (%) 48 13 56 67 60 NS
Hypertension (%) 73 50 67 83 90 NS
CAD (%) 30 0 33 0 70 0.02
Systolic blood pressure (mmHg) 137.6 [20] 129.8 [14.1] 138.8 [20.] 147.0 [22.8] 137.0 [22.4] NS
Diastolic blood pressure (mmHg) 74.7 [11] 84.1 [8.7] 72.8 [13.3] 78.7 [6.2] 66.4 [4.6] 0.01
Pulse pressure (mmHg) 62.9 [18.4] 45.6 [7.8] 66.0 [11.6] 68.2 [21.4] 70.6 [20.5] <0.01
Haemoglobin (g/dL) 12.7 [1.5] 13.2 [1.6] 12.8 [1.2] 12.6 [1.7] 12.3 [1.5] NS
Albumin (g/dL) 4.0 [0.3] 4.0 [0.2] 4.1 [0.3] 4.0 [0.4] 3.8 [0.3] 0.08
Calcium (mg/dL) 9.3 [0.5] 9.2 [0.3] 9.5 [0.2] 9.2 [0.6] 9.1 [0.6] NS
Phosphate (mg/dL) 3.8 [1.2] 3.5 [0.9] 3.6 [1.5] 4.3 [1.2] 4.0 [0.9] NS
Calcium × phosphate (mg2/dL2) 35.0 [9.8] 31.7 [7.5] 34.0 [14.2] 40.0 [9.2] 35.8 [6.5] NS
PTH (pmol/L) 7.1 [5.3–14.0] 6.5 [5.0–14.1] 6.5 [5.8–11.2] 7.0 [5.5–15.5] 10.5 [3.8–14.0] NS

Total cholesterol (mg/dL) 178 [35] 197 [27] 193 [7] 162 [27] 155 [31] 0.01
HDL-C (mg/dL) 50.3 [23.2] 50.3 [15.5] 58.0 [27.1] 46.4 [11.6] 42.5 [11.6] NS
LDL-C (mg/dL) 93 [23] 101 [19] 101 [19] 81 [12] 85 [27] NS
Triglycerides (mg/dL) 151 [115–239] 168 [133–416] 142 [106–168] 124 [62–239] 204 [115–221] NS

CaCO3 (%) 79 88 78 67 80 NS
Vitamin D (%) 15 13 11 17 20 NS
ACE/ARB (%) 76 88 67 100 60 NS
Beta blocker (%) 52 25 56 33 80 NS
Statin (%) 63 63 56 50 70 NS
ASA (%) 50 0 89 33 60 <0.01

Values expressed are mean [SD], except median [IQR] for estimated GFR, PTH and triglycerides. Estimated GFR was calculated from the MDRD study
equation. CAD, coronary artery disease; PTH, parathyroid hormone; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol. To convert haemoglobin in g/dL to g/L, multiply by 10; albumin in g/dL to g/L, multiply by 10; GFR in ml/min/1.73 m2 to ml/s/1.73 m2,
multiply by 0.0167; calcium in mg/dL to mmol/L, multiply by 0.2495; phosphate mg/dL to mmol/L, multiply by 0.3229; PTH in pg/mL to ng/mL,
multiply by 1; total cholesterol, HDL-C and LDL-C in mg/dL to mmol/L, multiply by 0.0259; triglycerides in mg/dL to mmol/L, multiply by 0.0113.

mean (standard deviation) age of the cohort was 70 (12)
years. Sixteen patients were classified as Stage 3 CKD and
17 as having Stage 4 CKD (Figure 1).

Coronary artery calcification

The median (IQR) CACS at baseline was 379 (23, 1028)
(Table 1). CACS was 0 in eight patients (24%), 1–400 in
nine patients (27%) and 401–1000 in six patients (18%).
Ten patients (33%) had scores in the severely calcified
range (>1000). The distribution of severity of CACS, us-
ing conventional breakpoints, is demonstrated in Figure 1.
The patients without any calcification were younger, had a
lower pulse pressure and were less likely to have diabetes.
Older age, higher pulse pressure, lower albumin and a prior
history of coronary artery disease significantly correlated
with the severity of baseline CACS. There was no rela-
tionship between estimated GFR or CKD stage and CACS
(Figure 1).

The CAC scoring results

Inter-reviewer agreement. Table 2 shows inter-reviewer
agreement for each of the two baseline scans and for the

1-year follow-up scan. When considering all patients, in-
cluding those with zero baseline CACS, the median dif-
ference in CACS was 0 (−0.5, 36.5). For patients with a
baseline score >30, the reviewer agreement ranged between
77 and 94% for the three scan comparisons (Table 2).

Intra-reviewer agreement. For the intra-reviewer compo-
nent, the median difference (IQR) between scoring results
was 0 (−1.5, 4.5). Intra-reviewer comparisons were made
on scans of six patients with a baseline CACS >30. For
this subset, there was an agreement of CACS scores within
15% of each other (Table 2) for five out of six (83%) scans.

Inter-scan reproducibility. The median absolute differ-
ence (IQR) in CACS for the two scans performed on the
same patient 30 min apart was 51 (0, 100) (Table 3). Of
the 22 patients that had a baseline score >30, the median
absolute difference (IQR) and the median percent abso-
lute difference (IQR) in CACS between the two scans were
71 (42, 115) and 10% (5%, 16%), respectively. Six (27%)
of the 22 patients had an >15% change in CACS follow-
ing repositioning. Four of these patients had an increase in
CACS with position change [18% (95% CI: 5–40%)] and
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Fig. 1. Patient breakdown by the calcification score for overall cohort as well as by CKD stage. For the comparisons between calcification score groups,
P = 0.82.

Table 2. Reviewer agreement

Inter-reviewer Intra-reviewer

Baseline scans Follow-up scan

First 30 min post first 12 months

All scans
Number of patients 31 23 20 10
Difference in CAC score (AU) 0 [−5.0, 3.0] 0 [0, 42.0] 0 [−0.5, 36.5] 0 [−1.5, 4.5]

CAC score > 30
Number of patients 22 16 13 6
CAC score within 15% of each other (%) 86 94 77 83
Difference in CAC score (AU) 0 [−66, 8] 12 [0, 52] 16 [−1.0, 56] 2.25 [−31, 53]
Percent difference (%) 0 [−4, 2] 0 [0, 5] 1.9 [−0.2, 8] 1.4 [−3.21, 8.7]

Values are expressed as median [IQR].

Table 3. Inter-scan reproducibility

Inter-scan reproducibility

All scans
Number of scans 31
Difference in CAC score (AU) 0 [−17, 65]
Absolute difference (AU) 51 [0, 100]

CAC score > 30
Number of scans 22
>15% change in CAC from baseline (%) 27
Difference in CAC score (AU) 30 [−65, 100]
Percent difference (%) 2[−11, 9]
Absolute difference (AU) 71 [42, 115]
Percent absolute difference (%) 10 [5, 16]

Values are expressed as median [IQR].

two had a decrease. Figure 2 shows that the difference was
greatest in those with higher relative baseline CACS and
Figure 3 shows that the percent difference was greatest in
those with lower relative baseline CACS.

Change in calcification score at 1 year

Of the 33 patients in the analysis cohort, 22 patients un-
derwent a 1-year follow-up scan. Two of these patients had
undergone interim coronary artery bypass grafting and were
unable to have CACS determined because of interference
from coronary artery bypass graft clips. Reasons for not
having a follow-up scan included patient moved (1), refused
(8), and died (2). Patients who did not have a follow-up scan
had higher baseline CAC [937 (IQR: 279, 2515) versus 236
(IQR: 0, 599)], lower HDL [42.5 mg/dL (SD = 7.7) versus
58 mg/dL (SD = 23.2)] and a higher percentage of history
of CAD (59% versus 15%).

Seven of the patients who underwent a follow-up scan
had a 0 CACS at baseline. None of these patients showed
progressive calcification. Of the remaining 13 patients, 7
[54% (95% CI 25–81%)] showed progression of CAC and
2 (15%) had an apparent remission of CAC, defined as
an increase and decrease, respectively, of at least 15%
change from baseline. The median difference (IQR) in
CACS for the entire cohort undergoing a follow-up scan was
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Fig. 2. Change in CACS following repositioning (30-min scan) versus baseline CACS (in patients with >30 CACS at baseline). (– –) indicates the
median change in CACS following repositioning versus baseline CACS.

Fig. 3. Percent change following repositioning (30-min scan) versus baseline CACS (in patients with calcification scores >30 at baseline). (––) is
drawn at ±15%, the level of change considered to represent true change from baseline.

16 (0, 200). Excluding the patients with a baseline CACS
<30 from the analysis, the median difference (IQR) in
CACS was 85 (−2, 218), and the median percent difference
was 16% (−0.4%, 63%) (Table 4). Figure 4 compares the
change in CACS scores at 30 min after baseline to change
at 1 year.

Discussion

This study explores the reliability and variability of HRCT-
determined CACS in 33 patients with CKD. We demon-
strate that a significant change in CACS can occur sim-
ply with patient repositioning and with the observer. The
strengths of the study include a rigorous examination of the
reliability of this test using measures of intra- and inter-

Table 4. Change in CACS at 1 year

Change in CACS at 1 year

All scans
Number of scans 20
Difference in CAC score (AU) 16 [0, 200]

CAC score > 30
Number of scans 13
>15% change in CAC from baseline (%) 69
Difference in CAC score (AU) 85 [−2, 218]
Percent difference (%) 16 [−0.4, 63]

Values are expressed as median [IQR].

reviewer reliability from multiple blind reviewers, as well
as the test and retest within one time period. The observed
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Fig. 4. Distribution of percentage change at 30 min after baseline and at 1 year (in patients with calcification scores >30 at baseline); [] = 95% exact
confidence interval. Note the overlapping confidence intervals for the percentage of patients that have >15% increase in CACS from baseline with
repositioning and at 1 year.

test–retest variation in CACS questions the use of HRCT-
derived CACS as a surrogate outcome in clinical trials.

The Agatston score [11] is the most widely used and
the best established measure of CAC. In the general pop-
ulation, the normal progression of the CACS per year is
reported to be 14–27% [15]. The median inter-scan Agat-
ston score variability has been reported to be in the range
of 8–37% [14–17], which limits the detection of change
within this range. Factors influencing inter-scan variability
include partial volume effect, the use of the step function
in the Agatston calculation, coronary artery motion, im-
age noise, field inhomogeneity, lack of calibration and total
amount of CAC [17]. The reliability of the CACS is not
documented in patients with CKD. Regardless, progres-
sion of CAC, defined as a change in CACS of >15%, has
been used as an outcome measure for interventional trials
in patients with CKD. We found significant variability when
comparing two scans performed on the same patient 30 min
apart, with 27% of scores showing an >15% change from
baseline. Of those with a >15% change from baseline, four
patients had an increase in CACS, the degree of which
would be consistent with ‘progression’ in interventional
studies [12,13].

Methods to calculate change in calcification are chal-
lenging due to the fact that different absolute or per-
cent changes have different implications at different ranges
[12,13] (i.e. an increase in CACS from 50 to 100 is an ab-
solute change of 50 but a percent change of 100%, whereas
an increase from 450 to 900 is an absolute change of 450
but the same percent change). It is not surprising that we
found that the error was greatest in patients with a baseline
CACS in the high range when evaluated on the natural scale
(figure 2) and in the mild–moderate range when evalu-
ated on the percent scale (Figure 3). Notably, most patients
with CKD have mild–moderate calcification. Use of per-
cent change to calculate progression in this patient group,
as occurred in the above-mentioned studies [12,13], risks
overestimating progression.

The majority of studies of reliability in the general pop-
ulation have demonstrated inter- and intra-reviewer scoring
result agreement of >90% [18,19]. We demonstrated simi-
lar reviewer agreement for the scans performed at baseline,
but noted substantially lower inter-reviewer agreement for
the 12-month scan. At 12 months, fewer scans were per-
formed and they were reviewed over a more extended pe-
riod, making it possible that reduced reviewer familiarity
with scan reading may be responsible for this result. Thus,
while our results suggest that reviewers can reliably score
scans, they highlight the importance of reviewer experience.

We demonstrated progression of CAC at 1 year in 30%
of the patients, consistent with previous reports [7,20] of
accelerated progression in CKD patients. Of note, of the
seven patients without CAC at baseline, none had evidence
of calcification on the follow-up scan. Previous studies have
reported a similar lack of calcification in those with no
disease initially [8,12,21]. However, given our findings of
inter-scan reproducibility and observer error, it is possible
that a proportion of these patients ‘progressed’ as a conse-
quence of error inherent in measurement process itself.

Our findings raise questions regarding the validity of the
conclusions drawn in clinical practice and research studies
[12,13] that are based on the current definition of CACS
progression (>15% change from baseline). The CACS vari-
ation with scans taken on the same day suggests that it may
be appropriate to modify the threshold for clinically signif-
icant differences in CACS. Specifically, a higher threshold
to indicate change may be required, or perhaps what con-
stitutes a significant change in calcification should depend
on the baseline CACS. Alternatively, different methods for
quantifying CAC [14], or newer, more precise scanning
techniques [16], may help address the problem of variabil-
ity. Regardless, measures of variability and precision of the
scans should be incorporated into study design.

The primary limitation of this study is the small sample
size. Nevertheless, our results are concordant with previous
studies. Second, we did not assess CAC using the volume
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score or calcium mass, despite suggestions that these meth-
ods may be superior to the Agatston score [14]. However,
these methods have been less well studied and are less often
reported, and patient management based on these measures
is difficult because of paucity of representative data on CAC
distribution. Third, we scanned patients with HRCT despite
most available data in the literature on significant Agatston
score changes being based on electron beam rather than
HRCT. However, HRCT has been shown to have good cor-
relations with electron beam CT in coronary artery calcium
measurement [17,22], with some studies showing higher
reproducibility with HRCT [17]. Fourth, only 22 of 33 pa-
tients received a repeat scan at 30 min, and only 20 of 33
patients had a valid repeat scan at 1 year. While there was
no significant difference between patients who did and did
not undergo the 30-min control scan, the patients who did
not undergo a 12-month scan had risk factors for progres-
sion. Therefore, our results pertaining to progression are
likely to be an underestimation of the effect and need to be
interpreted with caution.

In summary, this small study describes a well-
characterized cohort of patients with CKD, in whom 24%
have no coronary calcification, 76% have abnormal CACS
and 30% have progression of CACS over a 12-month pe-
riod according to the currently accepted definition. How-
ever, it simultaneously raises questions regarding the utility
of CACS as a surrogate outcome measure in clinical tri-
als, given that some patients who had repeated scans on
the same day demonstrated score variations of the same
magnitude as is considered significant in long term studies
(i.e. >15% change from baseline). At the least, this study
demonstrates the importance of standardizing and under-
standing the characteristics of tests prior to using them in
clinical trials.

Conflict of interest statement. None declared.
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