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Rationale & Objective: The presence of calcified
plaques in the coronary arteries is associated with
cardiovascular mortality and is a hallmark of
chronic kidney failure, but it is unclear whether this
is associated with the same degree of coronary
artery stenosis as in patients without kidney dis-
ease. We compared the relationship of coronary
artery calcification (CAC) and stenosis between
dialysis patients and patients without chronic kid-
ney disease (CKD).

Study Design: Observational cohort study.

Setting & Participants: 127 dialysis patients and
447 patients without CKD with cardiovascular risk
factors underwent cardiac computed tomography
(CT), consisting of non–contrast-enhanced CTand
CT angiography. CAC score and degree of coro-
nary artery stenosis were assessed by independent
readers.

Predictor: Dialysis treatment.

Outcome: Association between calcification and
stenosis.

Analytical Approach: Logistic regression to
determine the association between CAC score
and the presence of stenosis in a matched cohort
386
and, in the full cohort, testing for the interaction of
dialysis status with this relationship.

Results: 112 patients were matched from each
cohort, totaling 224 patients, using propensity
scores for dialysis, balancing numerous cardio-
vascular risk factors. Median CAC score was 210
(IQR, 19-859) in dialysis patients and 58 (IQR, 0-
254) in patients without CKD; 35% of dialysis
patients and 36% of patients without CKD had
coronary artery stenosis ≥ 50%. Per each 100-unit
higher CAC score, the matched dialysis cohort had
significantly lower ORs for stenosis than the non-
CKD cohort, 0.67 (95% CI, 0.52-0.83) for
stenosis ≥ 50% and 0.75 (95% CI, 0.62-0.90) for
stenosis ≥ 70%.

Limitations: No comparison with the gold stan-
dard fractional flow reserve.

Conclusions: Dialysis patients have higher risk for
coronary artery stenosis with higher CAC scores,
but this risk is comparatively lower than in patients
without CKD with similar CAC scores. In dialysis
patients, a high CAC score can easily be found
without significant stenosis. Our data enable
“translation” of degree of calcification to the
probability of coronary stenosis in dialysis patients.
In the general population, the presence of vascular calci-
fication is one of the main risk factors for mortality

because it reflects the overall burden of coronary athero-
sclerosis and probability for obstruction.1-7 Calcification in
patients with end-stage kidney disease (ESKD) is much
more extensive than in patients with normal kidney
function,8,9 especially when they are treated with dialysis.
This is the result of disturbed mineral homeostasis, with a
hallmark transformation of vascular smooth muscle cells to
osteoblast-like cells, and increased phosphate levels being
one of the main drivers of this calcification process.10,11 In
ESKD, including both patients requiring dialysis and those
with a kidney transplant, vascular calcification strongly
predicts all-cause and cardiovascular mortality.12-15

In patients without kidney disease, coronary calcifica-
tion mostly occurs in the intima of the vessel wall and can
lead to arterial stenosis.16,17 This might be different in
ESKD, in which vascular calcification occurs mainly in the
media of the vessel wall. Medial calcification is more
diffuse and nonocclusive, in contrast to intimal calcifica-
tion.18 Consequently, it is unclear whether coronary artery
calcification (CAC) is similarly predictive of coronary ste-
nosis in patients with ESKD as it is in the general popu-
lation.19 Unfortunately, a reliable distinction of medial and
intimal calcification is not possible in vivo,18 leading
previous studies on the relative contribution of intimal and
medial calcification in patients with ESKD to report con-
flicting results on this topic. Additionally, these studies
involved patients with symptoms of acute coronary syn-
drome, thus introducing selection bias by increasing the
likelihood of stenosis and preferring intimal calcifica-
tion.20,21 Also, previous studies sometimes used electron
beam computed tomography (CT), which has now been
replaced by multislice CT; these techniques show a good
correlation regarding calcification score, but modern
techniques have a higher special resolution and are more
suitable for CT angiography.

Our aim was therefore to determine the relationship be-
tween CAC and coronary artery stenosis, using coronary CT
angiography, in asymptomatic patients with ESKD treated
with dialysis and in individuals with normal kidney function
and an otherwise similar cardiovascular risk profile.
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PLAIN-LANGUAGE SUMMARY
In the general population, an increase in coronary
calcification is well associated with coronary artery
stenosis. In dialysis patients, vascular calcification is
much more pronounced due to metabolic de-
rangements. We quantitatively compared the relation of
coronary calcification and stenosis between patients
treated with dialysis and patients without chronic kid-
ney disease but with risk factors for atherosclerosis. We
found that dialysis patients have a higher probability of
coronary artery stenosis with higher calcification levels,
but this probability is about 1.5 times lower than in
patients without kidney disease having similar calcifi-
cation levels. In dialysis patients, a high degree of
calcification can easily be found without significant
stenosis. Our data enable “translation” of degree of
calcification to probability of coronary stenosis in
dialysis patients.

Jansz et al
METHODS

We examined patients with ESKD from the NOCTx Study
(NCT00950573) and participants without known chronic
kidney disease (CKD) from the Secondary Manifestation of
Arterial Disease–Optimizing Risk Assessment for Cardiovas-
cular Events (SMART-ORACLE; NCT01932671) Study. Both
studies were approved by the Medical Ethics Committee of
the University Medical Center Utrecht (NL18314.041.08)
and were conducted according to the Declaration of Helsinki.

Study Populations

Dialysis Cohort
The NOCTx Study is a prospective cohort study that investi-
gated annual progression of CAC in patients treated with
different dialysis modalities (nocturnal or conventional he-
modialysis, peritoneal dialysis) and kidney transplant re-
cipients. At inclusion, all patients had been receiving dialysis
for at least 2 months and underwent coronary CT and angi-
ography. Consequently, all included patients in the present
study were treated with and are henceforward referred to as
dialysis patients. Dialysis patients aged between 18 and 75
years who were candidates for transplantation were eligible
to participate in the study. All patients gave written informed
consent. Patients with life expectancy less than 3 months,
nonadherence to dialysis regimens, drug abuse, allergy to
iodinated contrast, and pregnancy were excluded. Between
December 2009 and February 2016, a total of 329 patients
were screened for eligibility in 8 Dutch dialysis centers. There
were 181 patients who met the inclusion criteria, of whom
127 patients underwent coronary CT angiography at Uni-
versity Medical Center Utrecht, the Netherlands.
Kidney Med Vol 3 | Iss 3 | May–June 2021
Non-CKD Cohort
As a reference cohort, we analyzed participants in
the ongoing SMART-ORACLE Study, a prospective obser-
vational study designed to investigate whether and to what
extent risk assessment can be improved with CAC scoring
and cardiovascular CT angiography and CAC score in pa-
tients at high risk for a cardiovascular event.22 Upon in-
clusion, participants underwent CT and coronary CT
angiography. SMART-ORACLE included patients aged be-
tween 18 and 75 years with cardiovascular risk factors
(including diabetes mellitus, hypertension with blood
pressure > 140/90 mm Hg, positive family history, or
hypercholesterolemia) or any clinical manifestation of
arterial atherosclerosis (coronary artery disease, cerebro-
vascular disease, peripheral artery disease, or abdominal
aortic aneurysm). Patients with terminal malignancy,
estimated glomerular filtration rate (eGFR) < 46 mL/min/
1.73 m2 according to the MDRD (Modification of Diet in
Renal Disease) Study equation, allergy to iodinated
contrast, and pregnancy were excluded. Between August
2012 and June 2017, a total of 572 patients were included
in the study. Coronary CT angiography was performed in
patients with CAC scores less than 1,000 Agatston units,
which involved 447 patients.
Cardiac CT

Image acquisition was performed in accordance with the
Society of Cardiovascular Computed Tomography guide-
lines.23 If needed, β-blockers were administered to target a
heart rate of 60 beats/min. CT was performed using a 256-
section CT scanner (Brilliance iCT; Philips Healthcare).
Noncontrast prospective electrocardiographically triggered
CT was performed to evaluate coronary calcium score on a
per–coronary artery basis.

Subsequently, 0.4 mg of nitroglycerine was sub-
lingually administered to all patients. Patients were given
70 to 80 mL of contrast agent (Bayer Healthcare Phar-
maceuticals), followed by a 50- to 67-mL mixed
contrast/saline solution bolus and 30 to 40 mL of
intravenous saline solution (injected at a rate of 6-
6.7 mL/s). The contrast/saline solution bolus consisted
of a 50%/50% mixture for the dialysis cohort and a
30%/70% mixture for the non-CKD group. Coronary CT
angiography was performed by using a prospectively
electrocardiographically triggered sequential scan (≤60
beats/min) or retrospectively electrocardiographically
gated helical scan (>60 beats/min). Depending on body
mass, tube voltage ranged between 80 and 120 kV peak,
and tube current, between 200 and 300 mA for pro-
spectively triggered scans and 600 mA for retrospectively
gated scans. Images were reconstructed with a section
thickness of 0.9 mm and an increment of 0.45 mm using
a standard kernel.
387



Table 1. Characteristics of the 127 Dialysis Patients and 447
Patients Without CKD at Risk for Cardiovascular Disease at
Time of Coronary CT Angiography

Dialysis
(n = 127)

Non-CKD
(n = 447) SMD

Demographics and medical
history
Age, y 51.4 ± 13.2 57.2 ± 9.4 0.51
Male sex 86 (68%) 331 (74%) 0.14
Body mass index, kg/m2 25.7 ± 4.9 26.7 ± 4.0 0.23
Diabetes mellitus 23 (18%) 58 (13%) 0.14
Cardiovascular disease 27 (21%) 389 (87%) 1.75
Coronary artery disease 15 (12%) 255 (57%) 1.09

Active smoker 17 (13%) 121 (27%) 0.35
History of kidney disease
Dialysis modality (%)
Hemodialysis 98 (77%) — —
Peritoneal dialysis 29 (23%) — —

Dialysis vintage, mo 25 (12–49) — —
Cause of end-stage kidney
disease
Cystic kidney disease 17 (13%) — —
Interstitial nephritis 2 (2%) — —
Glomerulonephritis 34 (27%) — —
Vascular disease 30 (24%) — —
Diabetic nephropathy 11 (9%) — —
Other 20 (16%) — —
Unknown 13 (10%) — —

Clinical and biochemical
parameters
Systolic blood pressure,
mm Hg

141 ± 19 130 ± 15 0.61

Diastolic blood pressure,
mm Hg

80 ± 12 79 ± 9 0.14

C-Reactive protein, mg/L 3.0 [2.0-7.0] 1.6 [0.9-3.8] 0.04
Total cholesterol, mmol/L 4.26 ± 1.21 4.61 ± 1.20 0.29
eGFR, mL/min — 91 ± 16 —

Coronary artery calcification
Agatston score 152 [0-774] 110 [3-345] —
Note: Results are presented as mean ± standard deviation, median [inter-
quartile range], or number (percent). Covariates were considered balanced
when SMDs were <0.1.
Abbreviations and Definitions: CKD, chronic kidney disease; CT, computed to-
mography; eGFR, estimated glomerular filtration rate, calculated using the Modi-
fication of Diet in Renal Disease Study formula; Non-CKD: non–chronic kidney
disease at risk for cardiovascular disease; SMD, standardized mean difference.

Jansz et al
Image Interpretation and Analysis

The coronary artery tree was assessed using the Society of
Cardiovascular Computed Tomography segmentation dia-
gram24 with dedicated software (Comprehensive Cardiac;
Philips Healthcare). Scans were analyzed by 2 readers: 1
with 2 years of experience (T.T.J. or M.H.Y.G.) and 1 with
8 to 12 years of experience (N.S.H., L.L.S., or C.C.). Dis-
agreements were resolved by consensus readings. All
readers were blinded to clinical information.

We defined coronary lesions as lesions within or adja-
cent to the vessel lumen discernable in at least 2 planes
from both vessel lumen and adjacent soft tissue. We
categorized lesions as noncalcified (content exclu-
sively <130 Hounsfield units [HU]), calcified (content
exclusively ≥130 HU), or mixed (characteristics of both
noncalcified and calcified lesions). Per segment, we
assessed stenosis severity visually as no lesion, minimal or
mild (<50%) stenosis, moderate (50%-70%) stenosis, and
severe (≥70%) stenosis.

Other Variables

For dialysis patients, demographics were collected by chart
review. Data for predialysis blood pressure and postdialysis
weight were averaged from routine measurements during
3 hemodialysis sessions or 2 outpatient visits in case of
peritoneal dialysis. Routine laboratory measurements
(phosphate, C-reactive protein, and total cholesterol) were
performed using standard laboratory techniques.

In the non-CKD group, patients completed a standard-
ized vascular screening protocol,25 including a question-
naire on medical history and smoking status and physical
examination including office blood pressure. Further data
collection and laboratory techniques have been described
elsewhere.25,26

Statistical Analysis

We present data as mean ± standard deviation when nor-
mally distributed, median with interquartile range (IQR)
when non-normally distributed, and proportion when cat-
egorical. Patients from the dialysis and non-CKD cohorts
were matched using propensity scores to balance con-
founding variables.27 In the propensity score logit model, we
included traditional cardiovascular risk factors, such as age,
sex, body mass index, current smoking, presence of diabetes
mellitus, and C-reactive protein and total cholesterol levels.
We matched nearest neighbors in a 1:1 ratio, without
replacement, within a 0.2 caliper. When standardized mean
differences were <0.1, we considered covariates balanced.
We classified patients according to the presence of stenosis:
no significant stenosis, any stenosis ≥ 50%, and any sten-
osis ≥ 70%. We used logistic regression to determine the
relationship of CAC score and presence of any stenosis ≥ 50%
or ≥70% in the matched cohort. In a second analysis, we
repeated the logistic regression analyses with all patients us-
ing a multivariable model adjusted for the same variables as
used in the propensity score logit model. In this analysis, we
388
tested for interaction between dialysis and CAC on their effect
on stenosis.

Odds ratios were calculated from regression coefficients
and reported with 95% CIs and P≤0.05 (2 tailed) was
considered statistically significant. All calculations were
done using R, version 3.4.1 (R Foundation Statistical
Computing).
RESULTS

Dialysis and Non-CKD Cohorts

In the dialysis cohort (n = 127),mean agewas 51.4 years, 86
(68%)weremen, andmedian dialysis duration was 25 (IQR,
Kidney Med Vol 3 | Iss 3 | May–June 2021



Table 2. Characteristics of the 112 Dialysis Patients and 112
Patients Without CKD at Risk for Cardiovascular Disease,
Matched on Propensity Scores

Dialysis
(n = 112)

Non-CKD
(n = 112) SMD

Demographics and medical
history
Age, y 54.1 ± 11.1 53.5 ± 9.4 0.06
Male sex 78 (70%) 80 (71%) 0.04
Body mass index, kg/m2 26.2 ± 4.9 26.2 ± 4.0 <0.001
Diabetes mellitus 20 (18%) 17 (15%) 0.07
Cardiovascular disease 26 (23%) 100 (89%) 1.79
Coronary artery disease 15 (13%) 58 (52%) 0.90

Active smoker 17 (15%) 20 (18%) 0.07
History of kidney disease
Treatment with peritoneal
dialysis

25 (22%) — —

Dialysis vintage, mo 21 [12-48] — —
Cause of end-stage
kidney disease
Cystic kidney disease 16 (14%) — —
Interstitial nephritis 2 (2%) — —
Glomerulonephritis 26 (23%) — —
Vascular disease 30 (27%) — —
Diabetic nephropathy 9 (8%) — —
Other 17 (15%) — —
Unknown 12 (11%) — —

Clinical and biochemical
parameters
Systolic blood pressure,
mm Hg

141 ± 19 128 ± 14 0.77

Diastolic blood pressure,
mm Hg

80 ± 12 79 ± 9 0.17

C-Reactive protein,
mg/L

3.0 [2.0-7.0] 1.4 [0.9-3.2] 0.09

Total cholesterol,
mmol/L

4.35 ± 1.26 4.41 ± 1.13 0.06

eGFR, mL/min — 93 ± 16 —
Coronary artery calcification
Agatston score 210

(19–859)
58 (0–254) —

Note: Results are presented as mean ± standard deviation, median [inter-
quartile range], or number (percent). Covariates were considered balanced
when SMDs were <0.1.
Abbreviations and Definitions: CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate, calculated using the Modification of Diet in Renal
Disease Study formula; Non-CKD: non–chronic kidney disease at risk for
cardiovascular disease; SMD, standardized mean difference.

Figure 1. Percentage of patients with ≥50% and ≥70% coro-
nary artery stenosis per category of coronary artery calcification
(CAC) score in 112 dialysis patients and 112 propensity
score–matched patients without chronic kidney disease (CKD).
Number of patients provided in individual bars.

Jansz et al
12-49) months. At the time of coronary CT angiography, 98
(77%) patients were treated with hemodialysis, and 29
(23%) patients with peritoneal dialysis. Twenty-three (18%)
patients had diabetes mellitus, and 15 (12%) had a history of
coronary artery disease.

In the non-CKD cohort (n = 447), mean age was 57.2
years, 331 (74%) were men, and eGFR was 91 ± 16 mL/
min/1.73 m2. Fifty-eight (13%) patients had diabetes
mellitus, and 256 (57%) had a history of coronary artery
disease (Table 1).
Kidney Med Vol 3 | Iss 3 | May–June 2021
Matched Dialysis and Non-CKD Cohorts

We matched 224 patients from both cohorts on propensity
scores of dialysis, balancing the cardiovascular risk factors
mentioned across the matched dialysis and non-CKD co-
horts (Table 2). According to inclusion criteria, a history
of cardiovascular disease or coronary artery disease was
more prevalent in the matched non-CKD cohort. By nature
of the disease, blood pressure and CAC scores were higher
in the matched ESKD cohort.

Patients in the dialysis cohort (n = 15) who could not
be matched were 31.2 ± 9.7 years old, 8 (53%) were men,
11 (73%) were treated with hemodialysis, 3 (20%) had
389
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Figure 2. Comparison of coronary artery calcification score between matched dialysis patients and patients without chronic kidney
disease (CKD).
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diabetes mellitus, and none had a history of coronary ar-
tery disease.

Cardiac CT Results

In the matched dialysis cohort, median CAC score was 210
(IQR, 19-859), 39 (35%) patients had stenosis ≥ 50%, and
10 (9%) patients had stenosis ≥ 70%. In the matched non-
CKD cohort, median CAC score was 58 (IQR, 0-254), 40
(36%) patients had stenosis ≥ 50%, and 21 (19%) patients
had stenosis ≥ 70% (Table 2; Fig 1).

Regarding the relationship between CAC and stenosis,
patients without CAC were unlikely to have any sten-
osis ≥ 50% or ≥70%, whether they were in the dialysis
cohort or the non-CKD cohort (Fig 1). However, higher
CAC scores were observed in a considerable proportion of
dialysis patients who did not have a stenosis ≥ 50%
or ≥70% (Fig 2). In patients without CKD, higher CAC
score was more prominently associated with stenosis. For
example, of the dialysis patients and CAC score > 400, a
total of 20% of patients had stenosis ≥ 70% compared with
43% in patients without CKD.

In the dialysis cohort, each 100-unit higher CAC score
was associated with 1.12 and 1.02 times higher odds of
the presence of stenosis ≥ 50% and ≥70%, respectively
(95% CI, 1.06-1.20 and 95% CI, 0.98-1.06). In the non-
CKD cohort, each 100-unit higher CAC score was associ-
ated with 1.68 and 1.37 times higher odds of the presence
of stenosis ≥ 50% and ≥70%, respectively (95% CI, 1.37-
2.14 and 95% CI, 1.14-1.65). The dialysis cohort
had significantly lower odds ratios for stenosis than the
non-CKD cohort, 0.67 (95% CI, 0.52-0.83) for sten-
osis ≥ 50% and 0.75 (95% CI, 0.62-0.90) for
stenosis ≥ 70%.

To illustrate further, a cutoff value of CAC score > 400
in dialysis patients had sensitivity of 0.74 (95% CI, 0.5-
0.87) and specificity of 0.77 (95% CI, 0.65-0.86) for
detecting ≥50% stenosis, with a positive predictive value
(PPV) of 0.63 (95% CI, 0.48-0.77) and negative pre-
dictive value (NPV) of 0.85 (95% CI, 0.74-0.92). In
390
patients without CKD, sensitivity was 0.40 (95% CI,
0.25-0.57) and specificity was 0.93 (95% CI, 0.85-
0.98), with a PPV of 0.76 (95% CI, 0.53-0.92) and NPV
of 0.74 (95% CI, 0.63-0.82). A cutoff value of CAC
score > 400 in dialysis patients for detecting ≥70% ste-
nosis had sensitivity of 0.90 (95% CI, 0.56-1.00) and
specificity of 0.64 (95% CI, 0.54-0.73), with PPV of 0.20
(95% CI, 0.09-0.34) and NPV of 0.98 (95% CI, 0.92-
1.00), whereas in patients without CKD, sensitivity was
0.43 (95% CI, 0.22-0.66) and specificity was 0.87 (95%
CI, 0.78-0.93), with a PPV of 0.43 (95% CI, 0.22-0.66)
and NPV of 0.87 (95% CI, 0.78-0.93). Figure 3 shows
the receiver operating characteristic curve for
stenosis ≥ 70%.

Regarding individual lesions in coronary arteries, all
except 1 patient provided an interpretable coronary CT
angiography scan. We therefore excluded this patient (70-
year-old woman with ESKD and CAC score of 1,408) from
analyses. Patients in the dialysis and non-CKD cohorts had
a similar (P = 0.49) number of lesions in total (Table 3).
However, dialysis patients had significantly more calcified
lesions (P = 0.01) and significantly fewer noncalcified le-
sions (P < 0.001) than patients in the non-CKD cohort.
There was no significant difference in number of partially
calcified lesions (P = 0.18) between patients in the dialysis
and non-CKD cohorts.
Secondary Analyses on the Full Cohort of Patients

These analyses were repeated in the entire dialysis
(n = 127) and non-CKD (n = 447) cohorts, yielding
similar results on the percentage of ≥50% and ≥70% ste-
nosis and comparison of calcified and noncalcified lesions
(Table S1). These also showed that dialysis patients had
significantly lower odds ratios for stenosis than the non-
CKD cohort when adjusted in multivariable analysis:
0.89 (95% CI, 0.79-1.00) for stenosis ≥ 50% and 0.87
(95% CI, 0.77-0.98) for stenosis ≥ 70% (Tables S2
and S3).
Kidney Med Vol 3 | Iss 3 | May–June 2021



Figure 3. Receiver operating characteristics curve shows the
discriminating ability of coronary artery calcification for coronary
artery stenosis in dialysis patients and patients without chronic
kidney disease (CKD).

Jansz et al
DISCUSSION

In an investigation of whether vascular calcification in
dialysis patients reflects coronary artery stenosis to the
same extent as in patients without CKD, we show that
dialysis patients are less likely to have coronary artery
stenosis as compared with patients without CKD with
similar CAC scores. At equal CAC scores, the probability
Table 3. Coronary Computed Tomography Angiography Results
in Propensity Score–Matched Cohorts of 112 Dialysis Patients
and 112 Without Chronic Kidney Disease

Dialysis
(n = 112)

Non-CKD
(n = 112) Pa

Interpretable scansb 111 (99%) 112 (100%) 0.99
With CABG 3 (3%) 8 (7%) 0.22
With coronary stent 7 (6%) 51 (46%) <0.001
Without any lesions 18 (16%) 19 (17%) 0.99
Per patienta

No. of coronary
segments

14.0 ± 1.2 14.4 ± 1.0 0.03

Total no. of lesions 11.3 ± 8.6 10.5 ± 8.9 0.49
No. of noncalcified
lesions

0.5 ± 1.0 2.4 ± 3.6 <0.001

No. of partially
calcified lesions

5.8 ± 5.2 5.1 ± 5.5 0.18

No. of calcified
lesions

5.0 ± 5.7 3.1 ± 4.0 0.01

Note: Results are presented as mean ±standard deviation or number (percent).
Abbreviations and Definitions: CABG, coronary artery bypass grafting; Non-
CKD, non–chronic kidney disease at risk for cardiovascular disease.
aSignificance tested with χ2 tests for proportions and Mann-Whitney U tests
for number of lesions.
bIn 1 patient, computed tomography angiography could not be interpreted
reliably (see text).
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for significant stenosis in dialysis patients is about 1.5
times less than in patients without kidney disease. The
lesions in coronary arteries were more often calcified in
patients with ESKD compared with patients without
CKD.

The background of this question lies in the fact that the
generalized vessel wall calcification in patients with ESKD
is assumed to be localized in the media. As such, the
contribution of calcification noted on coronary CT to
coronary artery stenosis is undetermined. This study thus
helps quantify the complex relationship between multi-
focal calcification and obstructive coronary artery disease
in patients with kidney failure.

How do these findings translate to the interpretation of
CAC scores in dialysis patients? CAC scoring is generally
used to rule out coronary artery stenosis because CAC has
high sensitivity for coronary artery stenosis and patients
without CAC are unlikely to have significant coronary ar-
tery stenosis. This is even more true in patients treated
with dialysis: when a dialysis patient has a low CAC score,
the probability for stenosis is lower than for a patient
without CKD. However, our data show that even with CAC
scores > 400, dialysis patients are unlikely to have coro-
nary artery stenosis, whereas patients without CKD with
CAC scores > 400 have a high risk for coronary artery
stenosis. This means that CAC scores cannot readily be used
to infer obstructive coronary artery disease risk in patients
receiving dialysis.

These findings complement the current literature by
providing insight into the diagnostic capacity of CT angi-
ography in patients treated with dialysis. In patients
without CKD, the diagnostic performance of coronary CT
angiography for significant stenosis is well established,
although it is accepted that the diagnostic capacity of CT
angiography diminishes with increased calcification
burden.28 However, many CT angiography studies in pa-
tients with CKD are limited to patients with relatively
preserved kidney function (GFR > 30 mL/min).29

Although in patients with GFRs of 30 to 60 mL/min,
increased CAC scores are noted,30 results cannot be
extrapolated to the dialysis population because only in
ESKD do hyperphosphatemia and severe calcification
occur. Some studies include both patients with CKD and
patients receiving dialysis, making it difficult to draw a
firm conclusion for either group.31

Only a few studies specifically investigated patients with
ESKD: a small study in 18 dialysis patients found no
relationship between calcification and stenosis21 but likely
was underpowered. Moreover, a somewhat larger study
comparing 48 patients with ESKD with 68 patients without
ESKD established a good correlation of CAC score and
plaque burden.20 However, patients were selected on the
basis of angina symptoms, leading to inclusion bias due to
overrepresentation of intimal stenosis in this cohort.
Importantly, this study did not correct for the traditional
risk factors of cardiovascular disease. Interestingly, the
authors found more dense calcifications in ESKD,20
391
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possibly explaining the diminished risk for plaque rupture
found in patients with CKD as kidney function decreases.32

A remarkable finding in our study was that despite very
high CAC scores, the percentage of ≥50% and ≥70% ste-
nosis in dialysis patients was relatively low (respectively,
63% and 20% of patients with CAC scores > 400). This
supports the assertion that a large part of the calcium is
located in the media in patients treated with dialysis.
Nevertheless, this assertion is yet to be supported by his-
tologic evidence.

Our study has several strengths. It is the first to quantify
the discordance between calcification and coronary artery
stenosis in dialysis patients compared with patients
without kidney disease. Furthermore, we used 2 different
techniques to control for potentially confounding variables
relative to the sample size. First, we constructed 2 com-
parable patient cohorts based on their propensity score to
develop ESKD. In our opinion, this method is a way to
compare groups that are very difficult to compare in
traditional ways because dialysis patients are in many as-
pects very different from patients without CKD. We could
have performed “propensity score adjustment,” including
the propensity score as a covariate in a multivariable
regression model instead of propensity score matching.33

However, our dialysis group contained some young pa-
tients who were not in any way comparable to patients
without CKD. With this technique, we compared the pa-
tients who can be compared.

Second, we performed an analysis of the entire cohort
and tested for interaction between the presence of dialysis
and coronary calcification on their effect on stenosis.
Because this interaction was present, we reported the re-
sults for the dialysis and non-CKD groups separately. This
additional analysis confirmed our original findings.

Other strengths are that our patient cohort is repre-
sentative because most patients with ESKD had been
receiving dialysis for more than 2 years. Thus, the included
patients had a relatively large exposure to the determinant
of dialysis. Also, this is the largest cohort of its kind and
CAC score determination and coronary CT angiography
were performed in a single center.

Our study also has some limitations.We could not compare
cardiovascular end points in this study. Future studies should
compare the associations of CAC scores and cardiac events
between patients with and without ESKD, especially because it
seems possible to attenuate the progression of coronary cal-
cium.34 Furthermore, our non-CKD cohort was selected from
a cohort of patients with risk factors for or established car-
diovascular disease. This might have influenced the results.
However, comparison with a healthy patient group would
have been unfeasible because the prevalence of vascular
calcification is very low inunselectedhealthy persons. Also, the
inclusion criterion was GFR > 45 mL/min for patients
without CKD, so in theory, patients could have had CKD stages
1-3a. However, because mean GFR was 91 mL/min, we are
392
confident that most patients in the non-CKD group had near-
normal kidney function.

A methodological limitation could be that we did not
consider the presence of a stent as proof of a (former)
coronary stenosis. Stents were more prevalent in the non-
CKD than in the dialysis population. We did not include
the stented segments in the analysis of stenosis. If we had
considered a stent as proof of stenosis, this would have
enforced our conclusions because we would have found
even more stenoses in the non-CKD group.

Finally, this study investigated asymptomatic dialysis
patients and asymptomatic patients without CKD. One
could argue that this would not be relevant for clinical
practice; however, this adds meaning to the (incidental)
finding of vascular calcification in whichever patient being
associated with higher risk for stenosis in a patient without
CKD compared with a dialysis patient.

In conclusion, in patients receiving dialysis, each 100-
unit higher CAC score is about 1.5 times less often asso-
ciated with coronary artery stenosis than in patients
without CKD with comparable risk factors for cardiovas-
cular disease. When CAC scores greater than 400 in pa-
tients without CKD reflect a high probability of coronary
artery stenosis, this is different in dialysis patients, in
whom high CAC scores can easily be found without sig-
nificant coronary artery stenosis.
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