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Abstract Prevalence of coronary artery disease (CAD) is
high in diabetic patients while diagnosis of early stage of
CAD remains demanding. This study evaluates prognostic
value of coronary computed tomography angiography
(CCTA) for long-term outcome to predict cardiac events in
oligosymptomatic diabetic patients. A cohort of 108 con-
secutive diabetic patients without angina pectoris or known
CAD, undergoing CCTA was included. 1379 consecutive
patients without diabetes were defined as a control group.
Coronary artery calcium score (CACS), segment involve-
ment score (SIS) and the segment stenosis score (SSS)
were documented. The end point was a composite of car-
diac events defined as all-cause death, nonfatal myocardial
infarction, or unstable angina requiring hospitalization.
Follow up period was 66.0 £ 14.2 month. 98 % of initially
enrolled patient were followed. During follow-up period 10
cardiac events within the diabetic cohort and 48 within the
non-diabetic cohort were observed. Annual event rate in
diabetic and non-diabetic patients was 1.74 and 0.64 %
respectively. In diabetic patients a multivariate analysis
showed significant prognostic value over Framingham
Score for SIS with a hazard ratio (HR) of 2.98 (95 % CI
1.02, 8.72; p = 0.047) and SSS (HR 4.47, 95 % CI 1.21,
16.49; p = 0.025), while CACS did not add prognostic
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value in this cohort. Annual event rate was 0 % in diabetic
patients with SIS = 0 and 3.9 % in diabetic patients with
SIS > 8. CCTA allows for improved risk prediction for
subsequent cardiac events in oligosymptomatic diabetic
patients.
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Introduction

Diabetes is known to be a major cardiovascular risk factor
associated with significantly increased morbidity and
mortality and a particularly increased risk of major cardiac
events (MACE) [1]. Especially myocardial infarction as a
manifestation of highly incident coronary artery disease
(CAD) can lead to decreased life expectation and life
quality. Major cause for myocardial infarction is plaque
rupture [2]. Prevalence of obstructive and non-obstructive
plaques is increased in diabetic patients [3, 4]. Within last
years, wide choices of treatment options for CAD, either
invasive or non-invasive, are available. Furthermore treat-
ment and management of CAD remains focus of many
research projects worldwide [5, 6] and substantial reduc-
tion of mortalities in manifestations of CAD has been
reported [7]. Although typical angina is a key symptom for
CAD, its sensitivity in diabetic patients is limited. This
might possibly reduce the benefit of modern treatment
developments in diabetic patients [8, 9]. Hence early
detection of CAD in diabetic patients is important to
optimize disease management. Today, coronary computed
tomography angiography (CCTA) has emerged as a highly
accurate non-invasive method to evaluate CAD [10].
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CCTA allows for a non-invasive detection of coronary
stenosis as well as presence of calcified and non-calcified
plaques. CCTA not only substitutes invasive coronary
angiography under certain conditions [11] but it further-
more emerges as a useful prognostic tool for prediction of
subsequent cardiac events [12, 13]. As prevalence of CAD
in diabetic patients detected by CCTA has been demon-
strated before but with shorter follow up [3] our study
seeks to evaluate prognostic value of CCTA in
oligosymptomatic diabetic patients to predict adverse car-
diac events in a 5 years of follow up approach.

Methods
Study population

The study population consists of all consecutive patients
undergoing CCTA in our institution between first of
December 2003 and first of December 2006 for evaluation
of suspected CAD. All patients were screened for enrollment
in the study as described before [14]. Exclusion criteria were
(1) typical angina pectoris, (2) a history of myocardial
infarction including electrocardiographic signs of a silent
myocardial infarction, (3) a history of coronary revascular-
ization, either by percutaneous coronary intervention or
bypass or otherwise known CAD, (4) absence of stable sinus
rhythm during the investigation, and (5) a life-threatening
condition. Patients were categorized according to the pres-
ence of diabetes, defined as current treatment with insulin or
oral hypoglycemic medication or dietetic control of blood
glucose levels in patients having elevated fasting blood
glucose levels or an abnormal glucose tolerance test based
on the World Health Organization criteria [15]. All patients
gave written informed consent before examination. A
structured questionnaire was answered by patients before
examination to gather information about age, patients’
height and weight, history of cardiac disease, and present
complaints. Furthermore the following cardiac risk factors
were recorded: (1) presence and degree of hypertension, (2)
diabetes (see definition above), (3) smoking (defined as
current smoker or previous smoker within the last year), and
(4) a positive family history (defined as the presence of CAD
in first-degree relatives aged 55 years for male or 65 years
for female). Framingham risk score was calculated with the
established categorical model using LDL cholesterol
according to Wilson et al. [16] based on collected data. The
local ethics committee approved the study design.

Computed tomography procedure

The scan procedure has been described in detail before
[17]. Different CT system configurations were used during
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the study period: A 16-slice CT system was used from
December 2003 to September 2004, a 64-slice single
source CT system from October 2004 to September 2006,
and a 64-slice dual source CT system from October 2006 to
December 2006 (all Siemens Healthcare, Erlangen, Ger-
many). In case of a heart rate higher than 60 bpm, up to
four doses of 5 mg of metoprolol were administered
intravenously immediately before scanning. If systolic
blood pressure was higher than 100 mmHg 0.8 mg nitro-
glycerin was administered sublingually just before scan-
ning to achieve coronary vasodilatation.

Coronary artery calcium (CACS) was acquired by a non-
contrast-enhanced sequential scan and evaluated with a
commercially available software package (Siemens Calci-
umScore, Siemens, Erlangen, Germany) using the Agatston
Score with a threshold of 130 HU. Contrast timing was
tested by an initial bolus-timing scan using 10-20 ml of
contrast (Iomeprol, Imeron 350, Bracco Altana Pharma
GmbH, Konstanz, Germany, iodine content 350 mg/ml)
followed by a 50 ml saline chaser. The contrast-enhanced
scan was obtained using 80-140 ml of contrast individually
adapted to the selected table feed and scan range at a rate of
4-6 ml/s followed by 50 ml of saline chaser bolus. Data sets
of axial slices, multiplanar reformations, and three perpen-
dicular sets of thin-slab maximum intensity projections
orientated along the heart axis (5 mm thickness, 1 mm
increment) were reconstructed and investigated for the
presence of plaque composition and luminal stenosis.

The coronary artery tree was segmented according to a
simplified American Heart Association classification using
the first 15 segments of the original 18 [18]. Each vessel
segment with a diameter >1.5 mm was evaluated visually
by two experienced readers. Disagreements were settled by
consensus. The degree of stenosis was assessed visually
categorizing either no relevant stenosis (25 %), mild
(25-49 %), moderate (50-74 %), and severe (=75 %)
stenosis. Segments with artefacts were assigned to the
group that seemed most appropriate.

From the primary analysis the following CCTA scores
were calculated:

CAD severity as proposed by Chow et al. with the cate-
gories ‘normal’, ‘non-obstructive’, ‘one-vessel obstructive’,
‘two-vessel obstructive’ and ‘three-vessel obstructive’. Seg-
ment Involvement Score (SIS), as described by Min [12] was
defined as number of segments with any stenosis >25 % or
any calcified, mixed or non-calcified plaques, irrespective of
the degree of stenosis. Furthermore segment stenosis score
(SSS) was utilized as described before [12, 19].

Follow-up

Follow-up information was obtained by clinical visits, by
detailed questionnaires sent by mail, or, if the questionnaire
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was not returned, by telephone contact. All reported events
were verified by hospital records or direct contact with the
attending physician as possible and adjudicated by two
cardiologists in consensus (Figs. 1, 2).

The endpoint of this study was a composite of all cause
death, myocardial infarction and unstable angina requiring
hospitalization. Non-fatal myocardial infarction was
defined based on the criterion of typical acute chest pain in
rest lasting at least 20 min and at least one of the following
criteria: ST-segment elevation in at least two limb leads of
0.1 millivolt (mV) or at least 0.2 mV in more than 2 pre-
cordial leads or positive cardiac enzymes. Unstable angina
pectoris was defined according to the guidelines of the
European Society of Cardiology [20] as typical acute chest
pain with negative cardiac enzymes, if CAD could not be
excluded as the cause of symptoms.

Statistical analysis

Categorical variables were expressed as frequencies and
percentages, continuous variables were expressed as
mean =+ standard deviation or as median (inter-quartile
range) for time intervals. All statistical evaluations are
based on the event-free survival for the study endpoint
using the Kaplan—Meier method; hazard ratios (for differ-
ence between 75 and 25th percentile) and multivariable
analyses were calculated with the Cox proportional hazard
model.

Concordance(C)-indices were calculated from time-to-
event data as proposed by Harrell et al. [21].

Event free survival of oligosymptomatic
non-diabetic patients
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Fig. 1 Event free survival of non-diabetic oligosymptomatic patients.
Survival is illustrated in a period of 1800 days for three groups of
patients categorized by Segment involvement score (SIS). The
continuous line indicates survival of patients with mild or no disease
(SIS < 2). The dashed line illustrates survival with moderate disease
(SIS 3-7). The dotted line shows survival in patients with extensive
disease (SIS > 8)
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Fig. 2 Event free survival of diabetic oligosymptomatic patients.
Survival is illustrated in a period of 1800 days for three groups of
patients categorized by Segment involvement score. The continuous
line indicates survival of patients with mild or no disease (SIS < 2).
The dashed line illustrates survival with moderate disease (SIS 3-7).
The dotted line shows survival in patients with extensive disease
(SIS > 8)

For explorative testing multiple random subsamples
within the non-diabetic group sized similar to the diabetic
group were generated and tested for single variables.

Due to non-normal distribution, CACS was entered into
the multivariable analysis using its logarithm [log
(CASC + 1)]. Owing to the low number of events and
considering that only asymptomatic patients or those with
atypical chest pain were in focus, correction for clinical
risk was done by using the Framingham Risk Score. Sta-
tistical significance was accepted for two-sided p value
<0.05. The statistical package R version 3.0.3 was used for
analysis [22].

Results
Study population and clinical characteristics

A total of 1519 patients met the inclusion criteria. Of these,
1487 patients could be contacted for follow-up, resulting in
a follow-up rate of 97.9 %. Overall, there were 108 patients
with diabetes. In 34 patients, blood glucose levels were
controlled by diet, 56 patients took oral antidiabetic med-
ication, and 18 patients were using insulin. The control
group comprised the 1379 patients without known diabetes.
The mean duration of follow up was 64.7 &= 15.3 months
[median: 66.7 (IQR: 61.0-75.0)] in the diabetic group and
66.1 & 14.1 months [median: 67.2[IQR: 61.5-74.8)] in the
control group, p = 0.357. Diabetic patients were signifi-
cantly older and more often overweight, and there were
more patients with hypertension and hypercholesterolemia
among diabetic patients compared with non-diabetic
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patients, resulting in a significantly higher Framingham
risk score. Patients’ sex and the prevalence of dyspnea did
not differ significantly between both groups. Overall the
pretest risk was significantly higher in diabetic patients. For
a detailed description of the patient characteristics, see
Table 1. Diabetic patients had significant lower total
cholesterol and LDL-levels. While triglycerides were sig-
nificantly increased there was no relevant difference in
HDL between diabetic and non-diabetic patients. Labora-
tory values for total cholesterol, LDL, HDL and triglyc-
erides are illustrated in Table 2.

Computed tomography results

There are no significant differences in main indication for
CCTA in diabetic and non-diabetic patients as shown in
Table 3. Of 108 diabetic patients 15 (13.9 %) had com-
pletely normal coronary arteries and 38 (35.2 %) had pla-
ques with vessel narrowing less than 50 %. 55 (50.9 %)
patients had more than 50 % stenotic plaques. Presence of
CAD (plaques and/or obstruction) was 86.1 % (93 patients)
in the diabetics and 65.7 % (906 patients) in the non-dia-
betic group, p < 0.0001; the presence of obstructive CAD
(stenosis >50 %) was also significantly higher in diabetic
patients (p < 0.0001). Detailed CCTA results are provided
in Table 4. Calcified (2.94 vs 1.54, p < 0.0001), mixed
(0.85 vs 0.41, p = 0.0023) and non-calcified (1.33 vs
0.795, p = 0.0081) plaques all occurred significantly more
often in diabetic patients. SIS, SSS were both significantly
increased in diabetic group compared to control (SIS: 5.12
vs 2.78, p < 0.0001; SSS: 10.2 vs 5.24, p < 0.0001). In
diabetic patients, the mean CACS of 419 was significantly
higher than that in non-diabetic patients (CACS of 164,
p = 0.0008). CACS was not available in 81 cases.

Table 1 Patients characteristics

Adverse events

In the control group, 48 outcome events were observed
(3.4 %); 35 patients died, 10 patients suffered from
myocardial infarction and 4 patients were hospitalized
because of unstable angina (one patient with unstable ang-
ina died later during follow-up). In the group of diabetic
patients, 10 study endpoints were observed (9.3 %); 7
patients died, 2 patients suffered from myocardial infarc-
tion and 1 patient was hospitalized because of unsta-
ble angina. The annual event rate in diabetic group and
control group were 1.7 and 0.64 %, respectively
(p = 0.0072). Annual event rate was highest in patients
with insulin therapy (3.2 %), patients with dietetically and
oral antidiabetic medication had annual event rates of 1.7
and 1.3 %, respectively.

Predictive value of Framingham Score in study
group

Mean Framingham Score for diabetic group and control
group were 19.0 & 12.0 and 9.5 £ 7.1, respectively
(p < 0.0001). For patients without cardiac event mean
Framingham Score was 9.96 + 7.71. Patients with cardiac
events had a mean Framingham Score of 16.3 £ 10.2, HR
1.68 (95 % CI 1.41, 2.01), p < 0.0001.

In the non-diabetic control group the Framingham Score
showed good correlation with cardiac events, HR 1.81
(95 % CI 1.46, 2.25), p < 0.0001. Patients in the control
group without and with cardiac events had a mean Fram-
ingham Score of 9.3 £ 6.8 and 15.1 £ 9.9, respectively.

Framingham Score did not significantly differ in dia-
betic patients with or without cardiac event HR 1.22 (95 %

Cardio vascular risk factors All patients n = 1487 No diabetes n = 1379 Diabetes n = 108 p value
(92.7 %) (7.3 %)

Age (years) 58.1 £ 11.1 575 £ 11.1 65.0 £ 8.16 <0.0001
Male gender 1034 (69.5 %) 962 (69.3 %) 72 (66.7 %) 0.52
BMI (kg/m?) 26.2 £ 3.98 26.0 £+ 3.87 29.0 £ 4.21 <0.0001
Arterial hypertension 869 (58.4 %) 781 (56.6 %) 88 (81.5 %) <0.0001
Smoker 520 (35.0 %) 487 (35.3 %) 33 (30.6 %) 0.35
Hypercholesterolemia 776 (52.2 %) 709 (51.4 %) 67 (62.0 %) 0.036
Positive family history for MI 482 (32.4 %) 449 (32.6 %) 33 (30.6 %) 0.75
NYHA > 11 59 (4.0 %) 54 (3.9 %) 5 (4.63 %) 0.61
Framingham score 10.1 £ 7.9 95+7.1 19.0 £ 12.0 <0.0001
Low risk <10 % 853 (60.5 %) 829 (63.4 %) 24 (23.5 %)

Intermediate risk 10-20 % 410 (29.1 %) 367 (28.1 %) 43 (42.2 %)

High risk > 20 % 147 (10.4 %) 112 (8.6 %) 35 (34.3 %)

BMI body mass index, MI myocardial infarction, NYHA New York heart association classification
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Table 2 Laboratory findings

Cardiovascular risk factors All patients No diabetes n = 1379 Diabetes n = 108 p value

n = 1487 (92.7 %) (7.3 %)

Total cholesterol (mg/dl) 2154 £ 424 217.0 £ 423 200.0 & 40.7 <0.0001
LDL (mg/dl) 129.2 + 36.4 130.0 + 36.2 114.0 £ 35.2 <0.0001
HDL (mg/dl) 589 £+ 19.4 59.1 £ 172 56.3 £ 37.6 0.44
Triglycerides (mg/dl) 148.5 +92.2 145.0 &+ 90.2 186.0 + 112.0 0.0055

LDL low density lipoprotein, HDL high density lipoprotein

Table 3 Main indication for CCTA

All patients No diabetes n = 1379 Diabetes n = 108 p value comparing
n = 1487 (92.3 %) (7.3 %) diabetic and
non-diabetic cohort
Risk assessment in asymptomatic patients 419 (26.4 %) 380 (27.6 %) 36 (33.3 %) 0.44
Positive test for ischemia 166 (10.48) 150 (10.9 %) 8 (7.4 %) 0.53
Arrhythmia 268 (16.92 %) 252 (18.3 %) 16 (14.8 %) 0.67
Dyspnea 78 (4.92 %) 63 (4.57 %) 9 (8.33 %) 0.21
Thoracic pain 599 (37.82 %) 485 (35.2 %) 36 (33.3 %) 0.93
Others 54 (3.41 %) 49 (3.6 %) 3 (2.78 %) 0.91

CCTA Coronary computed tomography angiography, CAD coronary artery disease

Table 4 CCTA results

CI 0.709, 2.09), p = 0.48. Diabetic patients without car-

No diabetes n = 1379 Diabetes n = 108 p value

Presence of obstructive CAD 375 (27.2 %) 55 (50.9 %) <0.0001

Presence of CAD 906 (65.7 %) 93 (86.1 %) <0.0001

Lesion
No Lesion 433 (31.4 %) 15 (13.9 %)

Non-obstructive 571 (41.4 %) 38 (35.2 %)
Obstructive 375 (27.2 %) 55 (50.9 %)

Vessels affected <0.0001
One-vessel disease 6 (0.44 %) 0 (0)

Two-vessel disease 157 (11.4 %) 17 (15.7 %)
Three-vessel disease 212 (15.4 %) 38 (35.2 %)

Number of lesions per patient 275 £3.25 5.12 £ 3.77 <0.0001
Non-calcified 0.80 £ 1.77 1.33 £ 2.02 0.0081
Mixed 0.41 £ 1.01 0.85 £ 1.45 0.0023
Calcified 1.54 + 2.28 294 +2.83 <0.0001
Segment involvement score 278 + 3.23 5.12 £3.77 <0.0001
Segment stenosis score 5.24 + 6.86 10.2 £+ 8.55 <0.0001

CACS 164 + 422 419 £+ 740 0.0008
Calcium score: 0 515 (39.6 %) 16 (15.4 %)

Calcium score: 1-100 436 (33.6 %) 35 (33.7 %)
Calcium score: 100-400 196 (15.1 %) 22 (21.1 %)
Calcium score: >400 152 (11.7 %) 30 (28.8 %)

CCTA Coronary computed tomography angiography

diac event had a Framingham Score of 18.7 £ 12; diabetic

patients with cardiac event had a mean Framingham Score

of 22.2 £ 10. 2, p = 0.11.

Predictive value of CCTA in diabetic patients

In diabetic patients, SIS and SSS correlated best with

clinical events in the univariate and multivariate analysis
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with a HR of 2.98 (95 % CI 1.02, 8.72; p = 0.047) and E - = 2 _
447 (95% CI 121, 16.49; p = 0.025), respectively. i § S g “ § = § S
Annual event rate was 0 % in diabetic patients with
SIS = 0. For SIS < 2 and for SIS 3-7 the annual event 9
rates were <1 and 1.2 %, respectively. Patients with SIS '§ e 23°2¥¥g3
>8 had an annual event rate of 3.9 %. Regarding plaque 5 Ol8s 8835233
characteristics, the extent of calcified plaques showed good %
correlation with the study endpoint HR 2.0 (95 % CI 1.05, 9 E - < -
3.8; p = 0.034). In contrast to the non-diabetic group, § i § é ﬁ § g ﬁ %‘ E
CACS had no significant correlation with outcome in the < o
much smaller diabetic group (p = 0.0949. In comparison é g _ —
explorative testing using randomly generated subsamples 8 E C:) 9 5 <G f a @ 5
of similar size in the non-diabetic group yielded on average § 5 Z ws $583SE
similar results (p = 0.18). Detailed results of the univariate =g > 3 g % §/ g % :\: §
and multivariate analysis are shown in Tables 5 and 6. SERIZ|[ 2 & 23 dd <+
] o o
Discussion Sle § S8 § l‘o\’ § lé
N9 S O S ©O ©O © O
Diabetes itself is considered to be a cardiovascular disease e
equivalent [11]. In this high risk population for CAD main 'q'é 28 S D239 8
findings of this study are (1) the predictive value of CCTA Ol2s 2235 E3s S
in oligosymptomatic diabetes sustains for at least 5 years.
(2) Oligosymptomatic diabetics are at high risk for major 2 - ° -
cardiac events and CCTA, particularly SSS and SIS are S1e8 888882
useful in these patients for further risk stratification beyond il g
clinical risk scoring. (3) Diabetics with low atherosclerotic 3 _ s
. . S = ) -~
burden in form of low SIS have excellent prognosis. E L: 28 ©e-—&as2d
As described before, the non-invasive technique CCTA k= i : f = g 2 3 = §
can rule out CAD with high accuracy [11] supported by our E e2lec e-zZzee
results showing low annual event rates in patients with no 5 gleg 225323
evidence of atherosclerosis in CCTA in non-diabetic
patients as well as in diabetic patients. 2
Andreini and coworkers demonstrated good prognostic : s § § i 2RI §
value of CCTA in symptomatic but not oligosymptomatic ge 2 H HH : ; H ;
diabetic patients for obstructive CAD and plaque load. % g [ TE 88w
Additionally they report an excellent prognosis for dia- § = T e Taeme =
betics with no evidence of atherosclerosis in a long term 2 %
follow up period of 6 years without comparing to a control f-é § E
group [23]. At this time point prognostic CCTA studies in : ; % I2388, |2
oligosymptomtic diabetic patients with a long term follow é g - 2 : ; ; : ; : 3 g
up are rare. A recent study by Min et al. [24] showed Z gcﬁ Ta txgmn S ﬁ =
incremental prognostic value of CCTA over clinical risk 2 Z = FS “Sddam 2
factors and CACS in asymptomatic diabetic patients in a 5 E
multicenter approach. Their results showed that CCTA is 55) - ’g g
able to identify high risk patients in oligosymptomatic 2 5 § 3 g =
diabetics by number of vessels with obstructive CAD. On E E E 2 ;
the other hand they also report in accordance to earlier g g Z § % E 2
studies [25] that also oligosymptomatic diabetics with non- gﬁ % % S A _ % o —:
obstructive CAD had increased risk for cardiac adverse £ 5 % : :E z 5 g g
events. Hence they hypothesize that evaluation of CAD in 0 g 5 g = ) 5 E|&
all diabetics may not uniformly be applicable [24]. They = 2 e by o "‘2 E a g E s
presume that extent of disease, with and without particular = £27253 S s S la
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E _ + o O emphasis on obstruction, provides risk stratification. Nev-
s Fi 5 2 § § § § § ertheless the prognostic models in this study all were based
S8 .
on degree of stenosis.
5 In accordance our results indicate that in oligosymp-
Bl - BRREIIRE tomatic diabetic patients extent of disease (SIS) and extent
—_ T v O v n n n n O . . .. .
kS Olo S oo o oo of disease with additional regard for stenosis (SSS) add
3 prognostic value for long-term outcome over clinical risk
g 2 © o scoring. Although comprising high-risk individuals,
g gl®¥BE FI8ITISSE . T . .
S = s T2z oligosymptomatic diabetic patients over all had, indepen-
g g dently from CCTA, an excellent prognosis which was
= ; 5ls © soSz284 slightly better than predicted by Framingham Score (an-
Q . M Do N
Sils|ldy gzgdgn nual event rate of 0.6 vs. 0.9 %).
= g} . . .
E glelss Ss8888 = Recently it has been shown in a large randomized
é § > °s g8 ez clinical trial that treatment based on a screening CCTA in
= - T~ asymptomatic diabetic patients did not reduce MACE
- o o e compared to a control group [26]. This result may in part
) — .
TE § § § S § § § be caused by a lower than expected event rate in the
|y ©°=°=°y9 control group due to intensified therapy in all patients. In
addition the study outcome might be caused by limited
_;é . - o % - identification of high-risk individuals, because patients
- i . .
1% 5 SFT 8T 88 were characterized by degree of stenosis and CACS.
Ol cececeee-S Seemingly these parameters carry limited prognostic value
— _ in the subpopulation of oligosymptomatic diabetics. Fur-
el g § <+ 2 g § § § thermore, Andreini and colleagues reported reduced diag-
sle S i I = % nostic performance of MDCT to detect obstructive CAD in
= diabetics [27]. In concordance to these findings our results
= ~ indicate limited prognostic value of presence of obstructive
é gls = x ca a5 CAD in oligosymptomatic diabetics during 5 years of
o s | = 2 § § = 4 g follow up. Plaque load in contrast was a better predictor.
- - « . . . .
% Ll S S 2o == SIS and SSS seem to improve the effective selectivity of
E > 2L 882 T CCTA data to determine a small high-risk sub population
- - within the risk population of diabetic patients. Diabetics
@ with SIS < 2 had had an excellent prognosis, while out-
§ S = ° & T ey come for patients with SIS > 8 was rather unfavorable and
=R e T it has to be evaluated in further studies weather diabetic
2182 = H H H 4 . . .
218 N o ﬁ @ :;' 8 ® o patients with excellent prognosis benefit from secondary
< .
2|0 S —“Sdddsm|g prophylaxis.
1 . . . . .
5 % Taking into account the observation that diabetics have
b g g similar plaque composition but overall a higher plaque
O B= . . .
E é s = 2R - T o 3 load [14] it seems that plaque load is the pathophysiolog-
2| S5 T e ; j d =8| ical substrate linking coronary injury caused by diabetes
= = o .
2|87 S o w g with outcome. Apparently the number of plaques that
(3} . . .
|2 2 me T 3Inaooe % eventually may cause coronary occlusion is more impor-
5 E tant than the composition or the degree of stenosis of an
© - s individual plaque for outcome in oligosymptomatic dia-
o Q ~ . .
g Zﬁ b= S = betics. On the other hand the number of calcified plaques
E 4 g g g & was a risk predictor for diabetic patients while it was not in
2 g o § % 2 2 the control group. This might suggest potential differences
|73 = 22} . . . .
g.) 2 8¢ B Z ﬁ in the constitution of calcified plaques.
2 u; 23 25 3 g Despite that, detection of high risk patients by SIS and
= L »® @ . .. ..
© 3 ; g = B 2 B E|® SSS may result in a better assessment in individual coro-
L9 < . . . . . . .
= g E Y z § E <Dt g E; = nary risk in oligosymptomatic diabetics in whom Fram-
o 52 S =5 . . .. . . .
g &£z~ 2580 &adI4 ingham Risk Score has limited power to identify the high-
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risk subpopulation. Better risk identification by SIS and
SSS may result in a more individualized therapy regimen
targeting intensified anti-diabetic treatment and cardio-
vascular prevention therapy to those high risk patients in
whom the risk associated with the therapy is clearly
overweighed by the potentially benefit. Yet further research
in larger studies has to be done.

Limitations

This is an observational single-center study. The results
may be affected by characteristics unique to the patients
investigated. Furthermore, outcome might be confounded
by treatment decisions based on the results of the investi-
gation. Type of diabetes was initially not assessed thus risk
analysis regarding type I or II was not done and might add
additional information in future studies. In addition, com-
plete information on medication prescription and compli-
ance during the follow-up is not available. Furthermore the
small number of events in the diabetic group limits the
robustness of all of the outcome analyses, particularly the
multivariable analysis. Besides, the number of diabetic
patients is small in this unrestricted patient population.

Conclusion

Prevalence of CAD in diabetic patients is high resulting in
increased annual event rates, when compared with non-
diabetic patients. CCTA provides good prognostic value
for oligosymptomatic patients in a long-term follow of
5 years. SIS and SSS add prognostic value beyond clinical
risk scores in oligosymptomatic diabetic patients. Espe-
cially the potential of non-invasive CCTA to rule out CAD
and to identify high-risk patients may help guiding a more
individualized therapy and might lead to a possible better
outcome in this subgroup, although larger outcome studies
are needed.
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