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Abstract

Purpose: Significant obstructive coronary artery disease (CAD) is common in asymptomatic dialysis patients. Identifying
these high risk patients is warranted and may improve the prognosis of this vulnerable patient group. Routine
catheterization of incident dialysis patients has been proposed, but is considered too invasive. CT-angiography may
therefore be more appropriate. However, extensive coronary calcification, often present in this patient group, might hamper
adequate lumen evaluation. The objective of this study was to assess the feasibility of CT-angiography in this patient group.

Methods: For this analysis all patients currently participating in the ICD2 trial (ISRCTN20479861), with no history of PCl or
CABG were included. The major epicardial vessels were evaluated on a segment basis (segment 1-3, 5-8, 11 and 13) by a
team consisting of an interventional and an imaging specialist. Segments were scored as not significant, significant and not
interpretable.

Results: A total of 70 dialysis patients, with a mean age of 668 yrs and predominantly male (70%) were included. The
median calcium score was 623 [79, 1619]. Over 90% of the analyzed segments were considered interpretable. The
incidence of significant CAD on CT was 43% and was associated with cardiovascular events during follow-up. The incidence
of cardiovascular events after 2-years follow-up: 36% vs. 0% in patients with no significant CAD (p<<0.01).

Conclusion: Despite the high calcium scores CT-angiography is feasible for the evaluation of the extent of CAD in dialysis
patients. Moreover the presence of significant CAD on CT was associated with events during follow-up.
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Introduction catheterization of new dialysis patients has been proposed. [5]
However, catheterization is associated with significant risks and
costs and therefore less invasive diagnostic strategies would
probably be more appropriate for these asymptomatic patients.

Survival of patients on dialysis treatment is abysmal. [1]
Coronary artery disease (CAD) probably plays an important role
in this poor survival and is highly prevalent among dialysis
patients.[2—4] Noteworthy, the currently reported prevalence is
even an underestimation, given the high prevalence of CAD
among asymptomatic dialysis patients. Indeed, in several studies
high prevalences of CAD of ~40% to 50% have been observed,
even in asymptomatic dialysis patients.[5—7] Furthermore, it was
reported that the coronary artery lesions are often (>65% of the
cases) located in the proximal parts of the epicardial vessels, which
is strongly associated with diminished survival. [6,8] Identification
of these high risk patients is therefore warranted and might
improve outcome. Given the high cardiovascular mortality and
high prevalence of CAD in asymptomatic patients, routine

CT angiography (CGTA) of the coronary arteries may be such an
alternative. In non dialysis patients CTA has proven to be feasible
and to have good specificity and even better sensitivity for
determining the presence of CAD.[9-11] However, in dialysis
patients, data regarding the potential value of CTA are lacking.
Furthermore, there are concerns that CTA may be less feasible
given the extent of vessel calcification in this patient group.[12-14]
On the other hand, recent data indicates that even in patients with
severe coronary calcification, sensitivity and specificity of CTA
remain high. [15] Moreover, in dialysis patients, vascular
calcification occurs not only in the intima of the vessel wall, but
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also in the media of the vessel wall. The consequences of these two
forms of calcification differ: intima calcification leads to vascular
occlusion whereas calcification of the media leads to vascular
stiffening, but does not affect luminal narrowing. [16,17] It is
therefore conceivable that calcifications may have less effect on the
feasibility of C'TA in dialysis patients than is currently supposed.
The objective of this study was to evaluate the feasibility of CTA to
assess the severity of CAD, in the proximal segments of the
coronary arteries, in this vulnerable patient population.

Methods

Study Population

For this analysis all patients enrolled in the ICD2 trial
(ISRCTN20479861) between may 2007 and October 2011, who
were referred for C'T angiography, were included. The rationale
and methods of this study have previously been reported. [18] In
short, this study is designed to evaluate the effectiveness of
prophylactic ICD implantation for the prevention of sudden
cardiac death in dialysis patients. Patients enrolled in this study
undergo an extensive screening protocol at baseline including C'T
angiography, transthoracic echocardiography and vascular func-
tion assessment. Events during follow-up are recorded and graded
by an independent clinical event committee. Patients with previous
coronary artery bypass grafts or percutaneous coronary interven-
tions with stents were excluded from the current analysis, since the
goal of this study is to identify unknown CAD. Patients with atrial
fibrillation, or patients with a heart rate above 80 bpm after
administration of oral B-blockers, were also not considered for this
analysis. The ICD2 study protocol has been approved by the local
ethics committee (Commissiec Medische Ethiek, Leids Universitair
Medisch Centrum) and all participating patients provided written
and oral consent.

Multi Slice CT Protocol

Examinations were performed with a 64-detector row CT
Scanner (Aquilion 64, Toshiba Medical Systems, Tokyo, Japan) or
a 320-detector row CT scanner (Aquilion ONE, Toshiba, Tokyo,
Japan). In patients with a heart rate >65 bpm oral B-blockers
(metroprolol 50 or 100 mg, single dose, 1 hour before examina-
tion) were administered, if tolerated. If tolerated, patients were also
administered a single dose of nitroglycerin.

A non-enhanced low-dose electrocardiographically gated scan
was performed, prior to the helical scan, to measure coronary
calcium score (CCS). The CCS scan was prospectively triggered at
70% or 75% of the R-R interval. For the 64-row CT the scan was
performed using the following scan parameters: 4x3.0 mm or
2.5 mm collimation for 64-row CT, and single rotation wide
volume acquisition (320x0.5 mm, reconstructed to 3 mm slices).
For the 320-row CT: gantry rotation time, 350-500 ms; tube
voltage, 120 kV; and tube current, 200-250 mA.

CTA examinations were performed as follows. On the Aquilion
64 CT-coronary angiograpy was performed after an injection of
90-100 ml non-ionic contrast (Iomeron 400; Bracco, Milan, Italy),
via the antecubital vein, at a flow rate of 4—6 mL/sec, which was
followed by a bolus chaser of 50 mL of saline at the same flow rate.
A bolus-tracking technique was used to determine the initiation of
the CT data acquisition. The protocol consisted of the use of the
following: collimation 64 x0.5 mm; gantry rotation time 400-
500 ms; tube voltage 120/135 kV; tube current 250-400 mA.

All images were acquired during a single inspiratory breath hold
of 10 seconds, while the electrocardiogram was registered
simultaneously. Based on a segmental reconstruction algorithm,
data of one, two or three consecutive heartbeats were used to
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generate a single image. Images were reconstructed most often in
the end-diastolic phase, since this is typically the phase showing the
least motion artifacts. However, additional reconstructions were
made throughout the entire cardiac cycle, when needed.

Examinations on the Aquilion ONE were performed as follows:
A triphasic intravenous injection of 60-80 mL a nonionic contrast
medium (Iomeron 400; Bracco, Milan, Italy) was administered in
the antecubital vein. Initially, 50 to 70 mL (depending on body
weight) of the contrast medium was administered at a flow rate of
5.0 or 6.0 mL/s. This was followed by 20 mL of 50% contrast/
saline mix. Finally, a saline flush of 25 mL was administered at a
flow rate of 3.0 mL/s.

The protocol consisted of the use of the following: collimation
320x0.5 mm; gantry rotation time 350 ms; voltage 100-135 kV;
a tube current of 400-580 mA.

In order to reduce radiation dose, data were acquired using
prospective triggering. In patients with a stable heart rate
<60 bpm the phase window was set at 75% of R-R interval, in
patients with a heart rate between 60 and 65 bpm the phase
window was set to 65% and 85%. In patients with a heart rate
>65 bpm CT angiography acquisition was performed during
multiple heart beats with a phase window of 30% to 80% of the R-
R interval. Images were reconstructed at 75% of the R-R interval.
If acquisition was performed at a wider R-R interval, additional
reconstructions were explored in case of motion artifacts, to obtain
images with the least motion artifacts.

Depending on the patients residual kidney function the
following measures were taken in order to prevent further kidney
function deterioration: adequate pre and post procedural hydra-
tion (dose and route depending on the patients residual kidney
function) and in hemodialysis patients the scan was performed on
the day prior to the next dialysis session.

MSCT Data Analysis

The coronary calcium score was analyzed using the Agatston
method. CTA image analysis was performed by 2 experienced C'T
observers, an imaging specialist and an intervention cardiologist. If
there was no consensus between them a 3™ independent reviewer
was consulted. Datasets were evaluated visually on the axial slices,
assisted by 3D volume rendered reconstructions and curved
multiplanar reconstructions. For this study all major epicardial
segments were analyzed: in the RCA segments 1-3; in the LAD
segments 5-8; and in the LCx segments 11 and 13. First the
interpretability of each segment was assessed. Calcified artery
segments were considered interpretable as long as a reasonable
interpretation of the lumen could be accomplished. If this was not
possible, mainly due to blooming artifacts of the calcium, the
segment was considered uninterpretable. As with all segments, if
there was no consensus regarding the interpretability between the
2 reviewers a third independent reviewer was consulted.

When considered interpretable, the degree of luminal narrow-
ing was determined and graded as not significant (<50% luminal
narrowing) or significant (=50%). If more than one segment in a
vessel was considered non-interpretable, the vessel was considered
non-interpretable. If more than one vessel was considered non-
interpretable, the entire scan was considered non-interpretable.
Figure 1 and 2 show an example of interpretable segments without
and with significant CAD. Figure 3 is an example of a non-
interpretable segment.

Follow-up and End Points

Events were closely monitored and judged by an independent
clinical event committee. For this study we used the combined
endpoint fatal myocardial infarction, non-fatal myocardial infarc-
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Figure 1. Non significant lesion of the proximal LAD. (Left panel: axial reconstruction; Right panel curved multiplanar reconstruction.).

doi:10.1371/journal.pone.0067936.9001

tion and revascularization. (Non-)fatal infarction was defined
based on criteria of typical chest pain, elevated cardiac enzyme
levels and typical changes on the ECG. [19].

Statistics

Data are presented as mean = SD. All variables were normally
distributed (as assessed by the Kolgmorov-Smirnov test), except
coronary artery calcium score and dialysis vintage. Continous data
were compared using the 2-tailed Student’s t-test (for normally
distributed variables) for paired data or the Mann-Whitney U test
(for non-normally distributed variables). Categorical data were
compared using the Chi-square test. All statistical analyses were
performed Using SPSS (version 18.0, SPPS Inc. Chicago, Illinois).
Cumulative event rates were assessed using the method of Kaplan-
Meier and compared using the log rank test. All statistical tests
were two-sided and p-values <0.05 were considered statistically
significant. All statistical analyses have been performed in PASW
statistics version 18.0.

Results

For this study, out of the 108 patients currently enrolled in the
ICD2 study, a total 70 patients were included. Twenty patients
were excluded because of history of CABG, 9 patients because of
history of PCI, 6 patients because of a high/irregular heart rate
and 3 patients refused CTA. The main clinical characteristics of
the patients included in this analysis are summarized in table 1.
Patients were predominantly male (49 patients, 70%), with a mean
age of 66*8 years. The median coronary artery calcium score

(CACS) was 623 [79, 1619].

CT - Results

In total 627 segments were analyzed of which 573 (91.4%) were
considered interpretable.

Nineteen of the 54 non-interpretable segments were considered
non-interpretable because of extensive calcification. The remain-
ing 35 segments were considered non-interpretable due to
technical reasons, including motion artifacts and poor contrast

Figure 2. Pin-point mixed lesion of the left main and significant lesion of the proximal LAD. (Left panel: axial reconstruction; Right panel

curved multiplanar reconstruction.).
doi:10.1371/journal.pone.0067936.9002
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Figure 3. Non-interpretable lesion of the proximal LAD. (Left panel: axial reconstruction; Right panel curved multiplanar reconstruction.).

doi:10.1371/journal.pone.0067936.9003

arrival. On a per vessel basis, when defined as =1 non-
interpretable segment, 195 (92.8%) vessels were considered
interpretable. At least 2 vessels were considered interpretable in
67 (95.7%) patients, and subsequently these scans were considered
interpretable.

A significant lesion was found in 96 (15.3%) segments and in 30
(42.9%) patients at least one significant lesion was present. Table 2
summarizes the per segment outcome of the scans.

Follow-up

The average follow-up after acquisition of the CT-scan was
22%14 months. During this follow-up period 6 patients reached
the composite end-point of (non)-fatal myocardial infarction and
revascularization. One patient died due to acute myocardial
infarction, 2 patients underwent PCI after being admitted to the
hospital with acute coronary syndrome, 2 patients underwent
elective PCI because of the transplantation work-up and 1 patient
underwent elective CABG in combination with aortic valve
replacement. In all 6 patients significant CAD was documented

Table 1. Patient Characteristics.

Age, yrs. 66+8
Male gender, %(nr) 70% (49)
Patients on heamodialysis, % (nr) 64% (45)
Patients on peritoneal dialysis, % (nr) 36% (25)
Dialysis vintage, months 16 [9, 29]
BMI (kg/m?) 26.6+4.5
Current Smoker, % 26% (18)
Diabetes Mellitus, % (nr) 24% (17)
Hypertension, % (nr) 74% (52)
p-blocker, % (nr) 46% (32)
ACEi/AT2i,% (nr) 61% (43)
Calcium antagonist, % (nr) 44% (31)
Statin, % (nr) 56.0% (39)
CT - Calcium Score 623 [79, 1619]
doi:10.1371/journal.pone.0067936.t001
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Table 2. Per segment analysis outcome.

Non -
Segment <50% =50% interpretable
1 55 (78.6%) 12 (17.1%) 3 (4.3%)
2 48 (69.6%) 11 (15.9%) 10 (14.5%)
3 55 (80.9%) 10 (14.7%) 3 (4.4%)
5 66 (94.3%) 2 (2.8%) 2 (2.8%)
6 45 (64.3%) 18 (25.7%) 7 (10.0%)
7 46 (65.7%) 18 (25.7%) 6 (8.6%)
8 54 (77.1%) 8 (11.4%) 8 (11.4%)
1 56 (80.0%) 9 (12.9%) 5 (7.1%)
13 52 (74.3%) 8 (11.4%) 10 (14.3%)
Total 477 (76.1%) 96 (15.3%) 54 (8.6%)
doi:10.1371/journal.pone.0067936.t002

with C'T' angiography and confirmed with coronary angiography
prior to, or at time of the event. No events occurred in patients in
whom no significant CAD was documented with C'T" angiography.

There was a significant difference in the incidence of the
primary endpoint. The Kaplan Meier estimated incidence of
cardiovascular events after 2-years follow-up was 36% (95%CI
12%-60%) in patients with documented significant CAD on CT
compared to no events in patients with no significant CAD on CT
(p<<0.01). Figure 4.

Predictors for Non-interpretable Segments

In total 19 patients had =1 segment that was considered non-
interpretable. Patients with non-interpretable segment(s) had a
significant higher BMI (29.8 vs. 25.4 kg/m?* p<<0.001) compared
to patients without non-interpretable segments. There were no
other significant differences between patients with and without
non-interpretable segments. In particular there were no significant
differences with regard to heart rate during scanning and CACS.
Table 3.
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Cumulative event-free survival
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Figure 4. Kaplan Meier cure for the cumulative event rate of the primary endpoint in patients with significant CAD on CT vs. no

significant CAD on CT.
doi:10.1371/journal.pone.0067936.g004

Safety of CT

None of the patients experienced anaphylactic reactions which
required intervention. Furthermore in patients with residual
kidney function no sudden decrease in residual function (decrease
of 24/h urine production) that could be related to the CT-
procedure was observed.

Discussion

The key finding of this study is that CT angiography, of the
proximal parts of the coronary arteries, seems well feasible for the
assessment of CAD, for the majority of dialysis patients. Moreover,
significant CAD at CT-angiography was associated with events
during follow-up. Furthermore, this study confirms the high
incidence of significant CAD in asymptomatic dialysis patients.

Screening Asymptomatic Dialysis Patients for the
Presence of Significant CAD

Screening for disease in asymptomatic patient groups can only
be defended when there is a significant prevalence of the disease
among asymptomatic patients and furthermore, an intervention
should be available that could improve outcome when applied
during the asymptomatic phase. As mentioned, the prevalence of
significant CAD among asymptomatic dialysis patients is approx-
imately 40-50%, indicating, that based on the prevalence of the
disease screening seems warranted.[5—7] Whether intervention,
either by PCI or by CABG, improves outcome in asymptomatic
dialysis patients with proven CAD is not entirely sorted out.
However, there are several reports that indicate that intervention
with PCI or CABG for proven CAD drastically improves outcome
in chronic dialysis patients. [20,21].

Table 3. Differences in patients with and without non-interpretable segments.

All segments
Interpretable

=1 Non-interpretable

(N=51) Segment. (N=19) P value
Age, yrs. 67+8 66+8 p=0.79
Male gender, %(nr) 71% (36) 68% (13) p=0.86
Haemodialysis, % (nr) 59% (30) 79% (15) p=0.12
Peritoneal dialysis, % (nr) 41% (21) 21% (4) p=0.12
Dialysis vintage, months 19 [9, 29] 12 [8, 32] p=0.46*
Heart rate during scan (bpm)™ 60+8 63+8 p=0.19
BMI (kg/m?) 254+34 29.8+5.4 p<0.001
Diabetes Mellitus, % (nr) 22% (11) 32% (6) p=0.39
Hypertension, % (nr) 73% (37) 79% (15) p=0.59
CT - Calcium Score 594 [49, 1618] 636 [225, 1714] P=0.39*

*Mann Whitney U-test;
**Not available for 2 patients.
doi:10.1371/journal.pone.0067936.t003
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Selecting the Optimal Screening Strategy

Coronary angiography is the current gold standard for the
diagnosis of CAD. However, coronary angiography has several
drawbacks that make it less preferable for screening in asymp-
tomatic patients. For instance coronary angiography is associated
with high costs and is an invasive procedure with concomitant risk
of complications. These complications include stroke, arrhythmias,
local complications at the puncture site, atheroembolism and
contrast induced acute kidney injury. Given the risks and costs
another less invasive screening tool would probably be more
appropriate. Several other tests are available to detect the presence
of significant CAD in dialysis patients, however, each of them has
their own specific drawbacks. For instance exercise tolerance
testing 1s often not feasible in dialysis patients because the target
heart rate can not be achieved and other tests such as dobutamine
stress echocardiography and myocardial perfusion scintigraphy
have relatively low sensitivity, especially in dialysis patients. [22].

Multi Slice Computer Tomography

Multi Slice Computed Tomography has proven to have good
diagnostic properties in non-dialysis patients with especially high
sensitivity, making it an ideal tool to rule out significant CAD. [10]
However, it is known that heavily calcified segments, often present
in dialysis patients might give false positive results. [12,13] On the
other hand in contrast to patients with normal renal function, in
whom calcification occurs in the intima of the vessel, vascular
calcification in dialysis patients is often also related to the media of
the vessel. [16,17] Since this type of calcification does not influence
luminal narrowing, the luminal evaluation in dialysis might remain
feasible despite the severe (media) calcification that is often seen in
dialysis patients. Furthermore, as was recently demonstrated in a
meta-analysis investigating the sensitivity and specificity of novel
CT systems, sensitivity and specificity remain high in case of severe
coronary calcification. One of the factors potentially influencing
interpretability is the distribution of coronary calcification. The
authors of the meta-analysis suggest if a high calcium score is
formed because of diffuse calcifications than this is less likely to
result to result in non-interpretability compared to when
considerable calcification is limited to a small area. [15] Since in
dialysis patients vascular calcification is a generalized problem this
might also (partially) explain the finding that C'T-calcium score did
not significantly differ between patients in whom all segments were
considered interpretable and those in whom 1 or more segments
were considered non-interpretable.

In this study evaluation of the presence of CAD was considered
feasible in ~90% of the analyzed segments. The presence of
significant CAD found on CT was associated with future
cardiovascular events, whereas in patients in whom no significant
CAD was found, no cardiovascular events occurred.
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