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Rule out CAD

Coronary angio 
/revascularization



♂, 51 anos

Nonobstructive CAD
Is it clinically relevant?

What should we do?
Upgrade in primary prevention?

-Start/increase statins?

-Antiplatelet agent in 1ary prevention?

-Focal intervention with absorbable stents?



Cardiac CT

Pathology

IVUS-VH

OCT

Vulnerable plaque:

-large necrotic core

-positive remodelling

-thin fibrous cap

-inflammation
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34% of the population!

CONFIRM registry
>20.000 patients
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Abstract (1) To study the prevalence and severity of

coronary artery disease (CAD) in diabetic patients. (2) To

provide a detailed characterization of the coronary ath-

erosclerotic burden, including the localization, degree of

stenosis and plaque composition by coronary computed

tomography angiography (CCTA). Single center prospec-

tive registry including a total of 581 consecutive stable

patients (April 2011–March 2012) undergoing CCTA

(Dual-source CT) for the evaluation of suspected CAD

without previous myocardial infarction or revascularization

procedures. Different coronary plaque burden indexes and

plaque type and distribution patterns were compared

between patients with (n = 85) and without diabetes

(n = 496). The prevalence of CAD (any plaque; 74.1 vs.

56 %; p = 0.002) and obstructive CAD (C50 % stenosis;

31.8 vs. 10.3 %; p\ 0.001) were significantly higher in

diabetic patients. The remaining coronary atherosclerotic

burden indexes evaluated (plaque in LM-3v-2v with prox.

LAD; SIS; SSS; CT-LeSc) were also significantly higher in

diabetic patients. In the per segment analysis, diabetics had

a higher percentage of segments with plaque in every

vessel (2.6/13.1/7.5/10.5 % for diabetics vs. 1.4/7.1/3.3/

4.4 % for nondiabetics for LM, LAD, LCx, RCA respec-

tively; p \ 0.001 for all) and of both calcified (19.3 vs.

9.2 %, p\ 0.001) and noncalcified or mixed types (14.4

vs. 7.0 %; p\ 0.001); the ratio of proximal-to-distal rela-

tive plaque distribution (calculated as LM/proximal vs.

mid/distal/branches) was lower for diabetics (0.75 vs. 1.04;

p = 0.009). Diabetes was an independent predictor of

CAD and was also associated with more advanced CAD,

evaluated by indexes of coronary atherosclerotic burden.

Diabetics had a significantly higher prevalence of plaques

in every anatomical subset and for the different plaque

composition. In this report, the relative geographic distri-

bution of the plaques within each subgroup, favored a more

mid-to-distal localization in the diabetic patients.
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Introduction

Patients with diabetes are considered to be at an increased

risk of cardiovascular events and therefore it has been

recommended by many guidelines a more aggressive

management of this subset of patients, especially for those

with established cardiovascular disease [1, 2].

By contrast, on a primary prevention unselected popu-

lation level, some of the preventive measures for diabetic

patients, like the use of antiplatelets, have failed to dem-

onstrate a clear clinical benefit [3] and are no longer rec-

ommended in the absence of clinical evidence of

atherosclerotic disease [4]. The reason for the lack of
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All the indexes of coronary atherosclerotic burden were

significantly higher in diabetics as compared to nondia-

betics (Table 2; Fig. 3).

For some of these indexes, like the presence of

obstructive disease, and the SSS, the prevalence was 3–5

times higher in diabetics.

By gender, male diabetics had more often coronary

artery disease (any plaque and obstructive), as compared to

their counterparts (Fig. 4).

Prevalence, localization and type of plaques—per

segment analysis

For the analysis of the atherosclerotic burden indexes,

8,136 coronary segments were evaluated for the presence

of plaque, degree of stenosis and type of plaque. Because

of small size (\ 2 mm) or insufficient image quality related

to artifacts or severe calcification, 866 (10.6 %) segments

were excluded (n = 723–10.4 % in nondiabetics;

n = 143–12.0 % in diabetics).

On a ‘‘per evaluable segment’’ analysis, diabetics had

significantly more segments with plaque and this was

observed in the left main as well as in the other 3 coronary

territories and in both more proximal and more distal

locations (Table 3; Fig. 5). The prevalence of obstructive

plaque was also significantly higher in patients with, as

compared to patients without diabetes (11.6 vs. 6.9 %,

p\ 0.001).

On a ‘‘per segment with plaque’’ analysis, nondiabetics

had an almost equal distribution of plaques between more

proximal (LM/proximal segments) and more mid-to-distal

(Mid/distal/branches) localization (ratio of 1.04), but the

opposite was seen in patients with diabetes, in whom more

plaques were found in the more mid-to-distal segments, as

reflected by a ratio of ‘‘proximal-to-distal relative plaque

distribution’’ of 0.75 (Table 3).

Regarding plaque composition, diabetics had also a

higher percentage of all types of plaques (both calcified and

noncalcified or mixed plaques) per evaluable segment

(Table 4).

Discussion

The main findings of this study are:

1. Although diabetic patients had a higher prevalence of

coronary artery disease, coronary atherosclerotic

plaques were commonly observed in both patients

with and without diabetes.

Fig. 3 Diabetes and indexes of

coronary atherosclerotic burden.

CAD coronary artery disease,

LM left main, LAD left anterior

descending, LCx left circunflex,

LM-3 V-2VproxLAD plaque in

left main or 3 vessels or 2

vessels with proximal LAD, SIS

segment involvement score, SSS

segment stenosis score, CT-

LeSc CT Leaman score

Fig. 4 Prevalence of coronary artery disease (any plaque and

obstructive) across the different diabetes and sex subgroups. CAD

coronary artery disease
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It is “normal” (50th percentile) to have calcified plaques 
for males >40 years and females >55 years!

Budoff MJ, et al. Circulation 2006;114;1761-1791



Plaque in prox. RCA with <25%
LAD and LCx without plaques



5 segments with nonobstructive plaque1 plaque in prox. RCA with <25%
LAD and LCx – no plaque

≠

Nonobstructive CAD
- Heterogeneous subset -

How to risk stratify?



How to risk stratify with cardiac CT?

1. Identify high risk (vulnerable) plaques

-Low attenuation (> lipid content)

-Positive remodelling

-Noncalcified and mixed plaques (vs calcified plaques)

2. Total coronary atherosclerotic burden

-scores (SIS, SSS, CT-LeSc,…)

-quantification with dedicated software



Plaque leading to ACS:
-Positive remodeling (>10%)
-Low attenuation (HU <30)

Napkin Ring Sign:
-Noncalcified plaque with low attenuation core and 

a higher attenuation outer ring (but <130 HU)

Otsuka K et al. J Am Coll Cardiol Img 2013;6:448 –57Motoyama S, et al. J Am Coll Cardiol 2009; 54: 49-57



Otsuka K et al. J Am Coll Cardiol Img 2013;6:448 –57

n=895 ; Mean Fup 2.3 years

HR of 5.5 for NRS plaques

Only 0,4% of the plaques had a Napkin-ring sign



Cardiac CT

Pathology

IVUS-VH

OCT

Detailed plaque evaluation/
Spatial resolution

+

+++++

++

+++



What is the probability that one of 
these plaques end up causing an acute 

event?

What is the PPV of these vulnerable 
plaque features?

Cardiac CT

Pathology

IVUS-VH

OCT



Angiographic studies:
68% of the lesions leading to STEMI had a stenosis <50% in a previous 
angiography
(Falk E et al. Circulation 1995;92:657-671)

Post-fibrinolysis studies:
<70% stenosis in 40% of the culprit lesions after fibrinolysis in STEMI
(Llevadot J, et al. Am J Cardiol 2000; 85: 1409-1413)

Post-thrombus aspiration:
– 31% of the STEMI culprit lesions had <50% stenosis after thrombus 
aspiration
(de Araújo Gonçalves P, et al, Coron Artery Dis 2013;24:154-159) 

Can nonobstructive lesions lead to acute events? 
Is this common?



31% with <50% 
diameter stenosis
after thrombus
aspiration



Vulnerable plaque by IVUS-VH

PROSPECT trial:

-n=697 patients with an ACS

-3 vessel IVUS-VH after PCI of the culprit lesion

-595 TCFA identified

-Mean Fup 3.4 years

Stone, GW. N Engl J Med 2011;364:226-35.



Stone, GW. N Engl J Med 2011;364:226-35.
Stone, GW. N Engl J Med 2011;364:226-35.

Risk 4x higher

Among the 595 vulnerable 
plaques (TCFAs), only 26 
ended up causing an event 
(4.9% per patient)!
Low PPV



Stone, GW. N Engl J Med 2011;364:226-35.

½  of the events were related to the previously treated lesion (restenosis/stent thrombosis).

Most of the nonculprit lesion related events were unstable angina and revascularizations!



≠

“The trouble with heart disease is that the first symptom is often hard to deal with: death.”

Michael Phelps



Stable/static

Active/dynamic
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Vulnerable plaque

vs

But...
-Absolute risk per plaque is low
-Dynamic nature of the lesions
-Plaques other than TCFA (erosion, calcified nodule) 
also lead to ACS
-Limits of spatial resolution of non invasive imaging

Vulnerable coronary tree
Total coronary atherosclerotic 
burden
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Abstract To describe a coronary computed tomography

angiography (CCTA)-adapted Leaman score (CT-LeSc) as

a tool to quantify total coronary atherosclerotic burden with

information regarding localization, type of plaque and

degree of stenosis and to identify clinical predictors of a

high coronary atherosclerotic burden as assessed by the

CT-LeSc. Single center prospective registry including a

total of 772 consecutive patients undergoing CCTA (Dual-

source CT) from April 2011 to March 2012. For the pur-

pose of thisstudy, 581 stable patients referred for suspected

coronary artery disease (CAD) without previous myocar-

dial infarction or revascularization procedures were inclu-

ded. Pre-test CAD probability was determined using both

the Diamond–Forrester extended CAD consortium method

(DF-CAD consortium model) and the Morise score. Car-

diovascular risk was assessed with the HeartScore. The cut-

off for the 3rd terci le (CT-LeSc C8.3) was used to define a

population with a high coronary atherosclerotic burden.

The median CT-LeSc in this population (n = 581, 8,136

coronary segments evaluated; mean age 57.6 ± 11.1;

55.8 % males; 14.6 % with diabetes) was 2.2 (IQR 0–6.8).

In patients with CAD (n = 341), the median CT-LeSc was

5.8 (IQR 3.2–9.6). Among patients with nonobstructive

CAD, most were classified in the lowest terciles (T1,

43.0 %; T2, 36.1 %), but 20.9 % were in the highest tercile

(T3). The majority of the patients with obstructive CAD

were classified in T3 (78.2 %), but 21.8 % had a CT-LeSc

in lower terciles (T1 or T2). The independent predictors of

a high CT-LeSc were: Male sex (OR 1.73; 95 % CI

1.04–2.90) diabetes (OR 2.91; 95 % CI 1.61–5.23),

hypertension (OR 2.54; 95 % CI 1.40–4.63), Morise score

C16 (OR 1.97; 95 % CI 1.06–3.67) and HeartScore C5

(OR 2.42; 95 % CI 1.41–4.14). We described a cardiac CT

adapted Leaman score as a tool to quantify total (obstruc-

tive and nonobstructive) coronary atherosclerotic burden,

reflecting the comprehensive information about localiza-

tion, degree of stenosis and type of plaque provided by

CCTA. Male sex, hypertension, diabetes, a HeartScore

C5 % and a Morise score C16 were associated with a high

coronary atherosclerotic burden, as assessed by the CT-

LeSc. About one fifth of the patients with nonobstructive

CAD had a CT-LeSc in the highest tercile, and this could

potentially lead to a reclassification of the risk profile of

this subset of patients identified by CCTA, once the

prognostic value of the CT-LeSc is validated.
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Abstract To describe a coronary computed tomography

angiography (CCTA)-adapted Leaman score (CT-LeSc) as

a tool to quantify total coronary atherosclerotic burden with

information regarding localization, type of plaque and

degree of stenosis and to identify clinical predictors of a

high coronary atherosclerotic burden as assessed by the

CT-LeSc. Single center prospective registry including a

total of 772 consecutive patients undergoing CCTA (Dual-

source CT) from April 2011 to March 2012. For the pur-

pose of thisstudy, 581 stable patients referred for suspected

coronary artery disease (CAD) without previous myocar-

dial infarction or revascularization procedures were inclu-

ded. Pre-test CAD probability was determined using both

the Diamond–Forrester extended CAD consortium method

(DF-CAD consortium model) and the Morise score. Car-

diovascular risk was assessed with the HeartScore. The cut-

off for the 3rd terci le (CT-LeSc C8.3) was used to define a

population with a high coronary atherosclerotic burden.

The median CT-LeSc in this population (n = 581, 8,136

coronary segments evaluated; mean age 57.6 ± 11.1;

55.8 % males; 14.6 % with diabetes) was 2.2 (IQR 0–6.8).

In patients with CAD (n = 341), the median CT-LeSc was

5.8 (IQR 3.2–9.6). Among patients with nonobstructive

CAD, most were classified in the lowest terciles (T1,

43.0 %; T2, 36.1 %), but 20.9 % were in the highest tercile

(T3). The majority of the patients with obstructive CAD

were classified in T3 (78.2 %), but 21.8 % had a CT-LeSc

in lower terciles (T1 or T2). The independent predictors of

a high CT-LeSc were: Male sex (OR 1.73; 95 % CI

1.04–2.90) diabetes (OR 2.91; 95 % CI 1.61–5.23),

hypertension (OR 2.54; 95 % CI 1.40–4.63), Morise score

C16 (OR 1.97; 95 % CI 1.06–3.67) and HeartScore C5

(OR 2.42; 95 % CI 1.41–4.14). We described a cardiac CT

adapted Leaman score as a tool to quantify total (obstruc-

tive and nonobstructive) coronary atherosclerotic burden,

reflecting the comprehensive information about localiza-

tion, degree of stenosis and type of plaque provided by

CCTA. Male sex, hypertension, diabetes, a HeartScore

C5 % and a Morise score C16 were associated with a high

coronary atherosclerotic burden, as assessed by the CT-

LeSc. About one fifth of the patients with nonobstructive

CAD had a CT-LeSc in the highest tercile, and this could

potentially lead to a reclassification of the risk profile of

this subset of patients identified by CCTA, once the

prognostic value of the CT-LeSc is validated.
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Nonobstructive CAD
SIS = 5
SSS = 3

CT-LeSc = 11.5C
Left dominance
Distal LM: mixed plaque, 25-50% stenosis
Prox. LAD mixed plaque, 25-50% stenosis
Mid-LAD: calcified plaque, <25% stenosis
1st Diag.: calcified plaque, <25% stenosis
1st OM: calcified plaque, 25-50% stenosis

Nonobstructive CAD
SIS = 1
SSS = 0

CT-LeSc = 2.15B

Right dominance
Prox. LAD: calcified plaque, <25% stenosis

Nonobstructive CAD
SIS = 1
SSS = 0

CT-LeSc = 0.92A

Right dominance
Mid-RCA: noncalcified plaque, <25% stenosis
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Abstract To describe a coronary computed tomography

angiography (CCTA)-adapted Leaman score (CT-LeSc) as

a tool to quantify total coronary atherosclerotic burden with

information regarding localization, type of plaque and

degree of stenosis and to identify clinical predictors of a

high coronary atherosclerotic burden as assessed by the

CT-LeSc. Single center prospective registry including a

total of 772 consecutive patients undergoing CCTA (Dual-

source CT) from April 2011 to March 2012. For the pur-

pose of thisstudy, 581 stable patients referred for suspected

coronary artery disease (CAD) without previous myocar-

dial infarction or revascularization procedures were inclu-

ded. Pre-test CAD probability was determined using both

the Diamond–Forrester extended CAD consortium method

(DF-CAD consortium model) and the Morise score. Car-

diovascular risk was assessed with the HeartScore. The cut-

off for the 3rd terci le (CT-LeSc C8.3) was used to define a

population with a high coronary atherosclerotic burden.

The median CT-LeSc in this population (n = 581, 8,136

coronary segments evaluated; mean age 57.6 ± 11.1;

55.8 % males; 14.6 % with diabetes) was 2.2 (IQR 0–6.8).

In patients with CAD (n = 341), the median CT-LeSc was

5.8 (IQR 3.2–9.6). Among patients with nonobstructive

CAD, most were classified in the lowest terciles (T1,

43.0 %; T2, 36.1 %), but 20.9 % were in the highest tercile

(T3). The majority of the patients with obstructive CAD

were classified in T3 (78.2 %), but 21.8 % had a CT-LeSc

in lower terciles (T1 or T2). The independent predictors of

a high CT-LeSc were: Male sex (OR 1.73; 95 % CI

1.04–2.90) diabetes (OR 2.91; 95 % CI 1.61–5.23),

hypertension (OR 2.54; 95 % CI 1.40–4.63), Morise score

C16 (OR 1.97; 95 % CI 1.06–3.67) and HeartScore C5

(OR 2.42; 95 % CI 1.41–4.14). We described a cardiac CT

adapted Leaman score as a tool to quantify total (obstruc-

tive and nonobstructive) coronary atherosclerotic burden,

reflecting the comprehensive information about localiza-

tion, degree of stenosis and type of plaque provided by

CCTA. Male sex, hypertension, diabetes, a HeartScore

C5 % and a Morise score C16 were associated with a high

coronary atherosclerotic burden, as assessed by the CT-

LeSc. About one fifth of the patients with nonobstructive

CAD had a CT-LeSc in the highest tercile, and this could

potentially lead to a reclassification of the risk profile of

this subset of patients identified by CCTA, once the

prognostic value of the CT-LeSc is validated.
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diabetes had a threefold and patients with hypertension a

2.5-fold higher probability of having a high CT-LeSc.

A high HeartScore (C5 %) and a high Morise score

(C16) were associated respectively with a 2.5 and twofold

higher probabil ity of having a high coronary atheroscle-

rotic burden, as assessed by the CT-LeSc.

Discussion

The main findings of this study are: (1) Calculation of a

cardiac CT adapted Leaman score asa tool to quantify total

(obstructive and nonobstructive) coronary atherosclerotic

burden, reflecting the comprehensive information about

localization, degree of stenosisand type of plaque provided

by CCTA is feasible; (2) There was a significant associa-

tion between the CT-LeSc and diabetes, a well recognized

subset of advanced coronary atherosclerotic burden. A high

CV risk (HeartScore) and a high CAD probability (Morise

score) were also both associated with nearly a 2–2.5 fold

higher probabil ity of having a high coronary atheroscle-

rotic burden, as assessed by the CT-LeSc.

Although the exclusion of obstructive CAD remains

presently the main indication to refer a patient for CCTA,

this noninvasive diagnostic tool can also provide infor-

mation regarding the presence of nonobstructive plaques,

detecting CAD at earlier disease stages. Although on a per

lesion basis, vulnerability is positively associated with the

degree of stenosis, on a per patient level most of the acute

events come from nonobstructive lesions [18–20]. It is also

recognized that many of the nonstenotic lesions can have a

high plaque burden, underestimated by luminal angio-

grams, since they undergo expansive or positive outward

enlargement, and such remodeling is a potential surrogate

marker of plaque vulnerability [21]. In the multicenter

virtual histology intravascular ultrasound (VH-IVUS)

PROSPECT study [22], a large plaque burden, a small

lumen area and the presence of a thin cap fibroatheroma

were independent predictors of future nonculpri t lesion

major adverse cardiac events (MACE). In this study,

lesions that led to MACE had a high plaque burden by

Table 2 Demographic, clinical and CCTA characteristics of the

study population

All patients (n = 581)

Demographic

Age 57.6 ± 11.1

Male sex 324 (55.8)

Risk factors

Obesity (BMI C30) 109 (18.8)

Diabetes 85 (14.6)

Hypertension 364 (62.7)

Dyslipidemia 360 (62.0)

Smoking 138 (23.8)

Family history of premature CAD 194 (33.4)

Chest pain

Asymptomatic 270 (46.5)

Noncardiac 169 (29.1)

Atypical 109 (18.8)

Typical 33 (5.7)

CAD probability

DF-CAD consortium C70 % 11 (1.9)

DF-CAD consortium 30–70 % 221 (38.0)

DF-CAD consortium \ 30 % 349 (60.1)

Morise score C16 72 (12.4)

Morise score 9–15 369 (63.5)

Morise score 0–8 140 (24.1)

CV risk

Heart score C5 % 148 (25.5)

Calcium score

Median 1 (0–93)

Median in patients with CAD 64 (8–200)

CaSc C100 136 (23.4)

CaSc C75th percentile 83 (14.3)

CCTA

Normal/no plaque 240 (41.3)

Nonobstructive CAD 263 (45.3)

Obstructive CAD 78 (13.4)

Technical data

Heart rate (bpm) 65.6 ± 10.6

Contrast dose (ml) 98.9 ± 14.4

Radiation dose (mSv) 4.6 ± 3.7

Values are mean ± SD, median (IQR) or n (%)

CAD coronary artery disease, BMI body mass index, DF-CAD con-

sortium Diamond–Forrester CAD consortium model, CV cardiovas-

cular, CCTA coronary computed tomography angiography, CaSc

calcium score, bpm beats per minute, mSv milisievert

Fig. 3 Distribution of the two subgroups of patients (nonobstructive

and obstructive CAD), according to CT-LeSc terciles (T1 ? T2 vs

T3). CAD coronary artery disease, T1 1st tercile, T2 2nd tercile, T3

3rd tercile

1580 Int J Cardiovasc Imaging (2013) 29:1575–1584

123

Author's personal copy

ORI GI NA L PA PER

Coronary computed tomography angiography-adapted Leaman
score as a tool to noninvasively quantify total coronary
atherosclerotic burden
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Abstract To describe a coronary computed tomography

angiography (CCTA)-adapted Leaman score (CT-LeSc) as

a tool to quantify total coronary atherosclerotic burden with

information regarding localization, type of plaque and

degree of stenosis and to identify clinical predictors of a

high coronary atherosclerotic burden as assessed by the

CT-LeSc. Single center prospective registry including a

total of 772 consecutive patients undergoing CCTA (Dual-

source CT) from April 2011 to March 2012. For the pur-

pose of thisstudy, 581 stable patients referred for suspected

coronary artery disease (CAD) without previous myocar-

dial infarction or revascularization procedures were inclu-

ded. Pre-test CAD probability was determined using both

the Diamond–Forrester extended CAD consortium method

(DF-CAD consortium model) and the Morise score. Car-

diovascular risk was assessed with the HeartScore. The cut-

off for the 3rd terci le (CT-LeSc C8.3) was used to define a

population with a high coronary atherosclerotic burden.

The median CT-LeSc in this population (n = 581, 8,136

coronary segments evaluated; mean age 57.6 ± 11.1;

55.8 % males; 14.6 % with diabetes) was 2.2 (IQR 0–6.8).

In patients with CAD (n = 341), the median CT-LeSc was

5.8 (IQR 3.2–9.6). Among patients with nonobstructive

CAD, most were classified in the lowest terciles (T1,

43.0 %; T2, 36.1 %), but 20.9 % were in the highest tercile

(T3). The majority of the patients with obstructive CAD

were classified in T3 (78.2 %), but 21.8 % had a CT-LeSc

in lower terciles (T1 or T2). The independent predictors of

a high CT-LeSc were: Male sex (OR 1.73; 95 % CI

1.04–2.90) diabetes (OR 2.91; 95 % CI 1.61–5.23),

hypertension (OR 2.54; 95 % CI 1.40–4.63), Morise score

C16 (OR 1.97; 95 % CI 1.06–3.67) and HeartScore C5

(OR 2.42; 95 % CI 1.41–4.14). We described a cardiac CT

adapted Leaman score as a tool to quantify total (obstruc-

tive and nonobstructive) coronary atherosclerotic burden,

reflecting the comprehensive information about localiza-

tion, degree of stenosis and type of plaque provided by

CCTA. Male sex, hypertension, diabetes, a HeartScore

C5 % and a Morise score C16 were associated with a high

coronary atherosclerotic burden, as assessed by the CT-

LeSc. About one fifth of the patients with nonobstructive

CAD had a CT-LeSc in the highest tercile, and this could

potentially lead to a reclassification of the risk profile of

this subset of patients identified by CCTA, once the

prognostic value of the CT-LeSc is validated.
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: E6 &&f ] d&*;(&Of d?Va P 

E"K"8#(1 % &&f bU&*;(&Ô f a P 
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Abstract (1) To study the prevalence and severity of

coronary artery disease (CAD) in diabetic patients. (2) To

provide a detailed characterization of the coronary ath-

erosclerotic burden, including the localization, degree of

stenosis and plaque composition by coronary computed

tomography angiography (CCTA). Single center prospec-

tive registry including a total of 581 consecutive stable

patients (April 2011–March 2012) undergoing CCTA

(Dual-source CT) for the evaluation of suspected CAD

without previous myocardial infarction or revascularization

procedures. Different coronary plaque burden indexes and

plaque type and distribution patterns were compared

between patients with (n = 85) and without diabetes

(n = 496). The prevalence of CAD (any plaque; 74.1 vs.

56 %; p = 0.002) and obstructive CAD (C50 % stenosis;

31.8 vs. 10.3 %; p\ 0.001) were significantly higher in

diabetic patients. The remaining coronary atherosclerotic

burden indexes evaluated (plaque in LM-3v-2v with prox.

LAD; SIS; SSS; CT-LeSc) were also significantly higher in

diabetic patients. In the per segment analysis, diabetics had

a higher percentage of segments with plaque in every

vessel (2.6/13.1/7.5/10.5 % for diabetics vs. 1.4/7.1/3.3/

4.4 % for nondiabetics for LM, LAD, LCx, RCA respec-

tively; p \ 0.001 for all) and of both calcified (19.3 vs.

9.2 %, p\ 0.001) and noncalcified or mixed types (14.4

vs. 7.0 %; p\ 0.001); the ratio of proximal-to-distal rela-

tive plaque distribution (calculated as LM/proximal vs.

mid/distal/branches) was lower for diabetics (0.75 vs. 1.04;

p = 0.009). Diabetes was an independent predictor of

CAD and was also associated with more advanced CAD,

evaluated by indexes of coronary atherosclerotic burden.

Diabetics had a significantly higher prevalence of plaques

in every anatomical subset and for the different plaque

composition. In this report, the relative geographic distri-

bution of the plaques within each subgroup, favored a more

mid-to-distal localization in the diabetic patients.

Keywor ds Diabetes Coronary artery disease

Atherosclerotic burden Coronary CT angiography

Introduction

Patients with diabetes are considered to be at an increased

risk of cardiovascular events and therefore it has been

recommended by many guidelines a more aggressive

management of this subset of patients, especially for those

with established cardiovascular disease [1, 2].

By contrast, on a primary prevention unselected popu-

lation level, some of the preventive measures for diabetic

patients, like the use of antiplatelets, have failed to dem-

onstrate a clear clinical benefit [3] and are no longer rec-

ommended in the absence of clinical evidence of

atherosclerotic disease [4]. The reason for the lack of
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All the indexes of coronary atherosclerotic burden were

significantly higher in diabetics as compared to nondia-

betics (Table 2; Fig. 3).

For some of these indexes, like the presence of

obstructive disease, and the SSS, the prevalence was 3–5

times higher in diabetics.

By gender, male diabetics had more often coronary

artery disease (any plaque and obstructive), as compared to

their counterparts (Fig. 4).

Prevalence, localization and type of plaques—per

segment analysis

For the analysis of the atherosclerotic burden indexes,

8,136 coronary segments were evaluated for the presence

of plaque, degree of stenosis and type of plaque. Because

of small size (\ 2 mm) or insufficient image quality related

to artifacts or severe calcification, 866 (10.6 %) segments

were excluded (n = 723–10.4 % in nondiabetics;

n = 143–12.0 % in diabetics).

On a ‘‘per evaluable segment’’ analysis, diabetics had

significantly more segments with plaque and this was

observed in the left main as well as in the other 3 coronary

territories and in both more proximal and more distal

locations (Table 3; Fig. 5). The prevalence of obstructive

plaque was also significantly higher in patients with, as

compared to patients without diabetes (11.6 vs. 6.9 %,

p\ 0.001).

On a ‘‘per segment with plaque’’ analysis, nondiabetics

had an almost equal distribution of plaques between more

proximal (LM/proximal segments) and more mid-to-distal

(Mid/distal/branches) localization (ratio of 1.04), but the

opposite was seen in patients with diabetes, in whom more

plaques were found in the more mid-to-distal segments, as

reflected by a ratio of ‘‘proximal-to-distal relative plaque

distribution’’ of 0.75 (Table 3).

Regarding plaque composition, diabetics had also a

higher percentage of all types of plaques (both calcified and

noncalcified or mixed plaques) per evaluable segment

(Table 4).

Discussion

The main findings of this study are:

1. Although diabetic patients had a higher prevalence of

coronary artery disease, coronary atherosclerotic

plaques were commonly observed in both patients

with and without diabetes.

Fig. 3 Diabetes and indexes of

coronary atherosclerotic burden.

CAD coronary artery disease,

LM left main, LAD left anterior

descending, LCx left circunflex,

LM-3 V-2VproxLAD plaque in

left main or 3 vessels or 2

vessels with proximal LAD, SIS

segment involvement score, SSS

segment stenosis score, CT-

LeSc CT Leaman score

Fig. 4 Prevalence of coronary artery disease (any plaque and

obstructive) across the different diabetes and sex subgroups. CAD

coronary artery disease

Int J Cardiovasc Imaging

123

Author's personal copy
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Conclusions - 1

• The performance of traditional CV risk factors is modest.

• Although many efforts have been done in the search of the vulnerable
plaque,
– Absolute risk per plaque is low

– Dynamic nature of the lesions

– Plaques other than TCFA (erosion, calcified nodule) also lead to ACS

– Limits of spatial resolution of non invasive imaging

• Cardiac CT can provide a robust and non-invasive evaluation of the total
coronary atherosclerotic burden (vulnerable coronary tree) which might
be more important than looking for specific vulnerable plaque features.



Conclusions - 2

• The CT-LeSc is a comprehensive score reflecting information on
localization, stenosis and plaque composition, reflecting the
extent of the coronary atherosclerotic burden identified by CCTA
which has been shown to convey strong prognostic information.

• Patients with non-obstructive CAD but a high coronary
atherosclerotic burden (eg. CT-LeSc >5) have an event rate similar
to patients with obstructive CAD.
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Abstract (1) To study the prevalence and severity of

coronary artery disease (CAD) in diabetic patients. (2) To

provide a detailed characterization of the coronary ath-

erosclerotic burden, including the localization, degree of

stenosis and plaque composition by coronary computed

tomography angiography (CCTA). Single center prospec-

tive registry including a total of 581 consecutive stable

patients (April 2011–March 2012) undergoing CCTA

(Dual-source CT) for the evaluation of suspected CAD

without previous myocardial infarction or revascularization

procedures. Different coronary plaque burden indexes and

plaque type and distribution patterns were compared

between patients with (n = 85) and without diabetes

(n = 496). The prevalence of CAD (any plaque; 74.1 vs.

56 %; p = 0.002) and obstructive CAD (C50 % stenosis;

31.8 vs. 10.3 %; p\ 0.001) were significantly higher in

diabetic patients. The remaining coronary atherosclerotic

burden indexes evaluated (plaque in LM-3v-2v with prox.

LAD; SIS; SSS; CT-LeSc) were also significantly higher in

diabetic patients. In the per segment analysis, diabetics had

a higher percentage of segments with plaque in every

vessel (2.6/13.1/7.5/10.5 % for diabetics vs. 1.4/7.1/3.3/

4.4 % for nondiabetics for LM, LAD, LCx, RCA respec-

tively; p \ 0.001 for all) and of both calcified (19.3 vs.

9.2 %, p\ 0.001) and noncalcified or mixed types (14.4

vs. 7.0 %; p\ 0.001); the ratio of proximal-to-distal rela-

tive plaque distribution (calculated as LM/proximal vs.

mid/distal/branches) was lower for diabetics (0.75 vs. 1.04;

p = 0.009). Diabetes was an independent predictor of

CAD and was also associated with more advanced CAD,

evaluated by indexes of coronary atherosclerotic burden.

Diabetics had a significantly higher prevalence of plaques

in every anatomical subset and for the different plaque

composition. In this report, the relative geographic distri-

bution of the plaques within each subgroup, favored a more

mid-to-distal localization in the diabetic patients.
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Introduction

Patients with diabetes are considered to be at an increased

risk of cardiovascular events and therefore it has been

recommended by many guidelines a more aggressive

management of this subset of patients, especially for those
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P. de Araújo Gonçalves A. Aleixo M. M. Carmo

CEDOC—Chronic Diseases Research Center—FCM-NOVA,

Lisbon, Portugal

H. M. Garcia-Garcia

Thoraxcenter, Erasmus MC, Rotterdam, The Netherlands

123

Int J Cardiovasc Imaging (2013) 29:1105–1114

DOI 10.1007/s10554-012-0168-4

Author's personal copy

581 doentes
7278 segmentos avaliáveis



ORI GI NA L PA PER

Diabetes as an independent predictor of high atherosclerotic
burden assessed by coronary computed tomography angiography:
the coronary ar tery disease equivalent revisited
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Abstract (1) To study the prevalence and severity of

coronary artery disease (CAD) in diabetic patients. (2) To

provide a detailed characterization of the coronary ath-

erosclerotic burden, including the localization, degree of

stenosis and plaque composition by coronary computed

tomography angiography (CCTA). Single center prospec-

tive registry including a total of 581 consecutive stable

patients (April 2011–March 2012) undergoing CCTA

(Dual-source CT) for the evaluation of suspected CAD

without previous myocardial infarction or revascularization

procedures. Different coronary plaque burden indexes and

plaque type and distribution patterns were compared

between patients with (n = 85) and without diabetes

(n = 496). The prevalence of CAD (any plaque; 74.1 vs.

56 %; p = 0.002) and obstructive CAD (C50 % stenosis;

31.8 vs. 10.3 %; p\ 0.001) were significantly higher in

diabetic patients. The remaining coronary atherosclerotic

burden indexes evaluated (plaque in LM-3v-2v with prox.

LAD; SIS; SSS; CT-LeSc) were also significantly higher in

diabetic patients. In the per segment analysis, diabetics had

a higher percentage of segments with plaque in every

vessel (2.6/13.1/7.5/10.5 % for diabetics vs. 1.4/7.1/3.3/

4.4 % for nondiabetics for LM, LAD, LCx, RCA respec-

tively; p \ 0.001 for all) and of both calcified (19.3 vs.

9.2 %, p\ 0.001) and noncalcified or mixed types (14.4

vs. 7.0 %; p\ 0.001); the ratio of proximal-to-distal rela-

tive plaque distribution (calculated as LM/proximal vs.

mid/distal/branches) was lower for diabetics (0.75 vs. 1.04;

p = 0.009). Diabetes was an independent predictor of

CAD and was also associated with more advanced CAD,

evaluated by indexes of coronary atherosclerotic burden.

Diabetics had a significantly higher prevalence of plaques

in every anatomical subset and for the different plaque

composition. In this report, the relative geographic distri-

bution of the plaques within each subgroup, favored a more

mid-to-distal localization in the diabetic patients.
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2. Several different coronary atherosclerotic burden indexes

were more prevalent in diabetics, indicating more diffuse

and severe CAD, and thiswasespecially true for males.

3. In the detailed per segment analysis, diabetics had a

higher percentage of segments with plaque in every

vessel and of both calcified and noncalcified or mixed

types; ratio of proximal-to-distal relative plaque distri-

bution suggested an anatomical gradient in the geo-

graphic distribution, with higher proportion of disease

involvement in the mid/distal/branches segments in

diabetic patients.

Diabetes as an heterogeneous group—not all diabetics

have the same CV risk

For many years, diabetic patients have been considered asa

subset at higher risk of cardiovascular events. Nevertheless,

Table 3 Prevalence, and localization of plaques—per segment analysis

No diabetes (n = 496;

6,957 segments)

Diabetes (n = 85;

1,187 segments)

p

All evaluable segments 6,234 (89.6) 1,044 (88.0) 0.093

Segments with any plaque 1,008 (16.2) 352 (33.7) \ 0.001

Coronary artery distribution

Any plaque in the LM 87 (1.4) 27 (2.6) 0.007

Any plaque in the RCA 276 (4.4) 110 (10.5) \ 0.001

Any plaque in the LAD 441 (7.1) 137 (13.1) \ 0.001

Any plaque in the LCx/Ramus 204 (3.3) 78 (7.5) \ 0.001

Proximal versus distal distribution

Any plaque in LM/Proximal 514 (8.2) 151 (14.5) \ 0.001

Any plaque in Mid/Distal/Branches 494 (7.9) 201 (19.3) \ 0.001

‘‘Ratio of proximal-to-distal relative plaque distribution’’ 1.04 (514/494) 0.75 (151/201) 0.009

‘‘Ratio of proximal-to-distal relative plaque distribution’’—proportion of plaques in the ‘‘LM/Proximal’’ versus ‘‘Mid/Distal/branches’ ’

LM left main, RCA right coronary artery, LAD left anterior descending, LCx left circunflex, Ramus intermediate branch, ‘‘LM/Prox’’ left main or

proximal segments of the LAD, LCx or RCA, ‘‘Mid/Distal/Branches’’ mid or distal segments of the LAD and RCA, distal segment of the LCx,

and branches

Fig. 5 Prevalence and localization of plaques (any plaque) on a per

segment analysis. LM left main, LAD left anterior descending, LCx

left circunflex, RCA right coronary artery

Table 4 Type of plaques—per

segment analysis

LM left main, RCA right

coronary artery, LAD left

anterior descending, LCx left

circunflex, Ramus intermediate

branch, ‘‘LM/Proximal ’’ left

main or proximal segments of

the LAD, LCx or RCA, ‘‘Mid/

Distal/Branches’’ Mid or distal

segments of the LAD and RCA,

distal segment of the LCx, and

branches

No diabetes (n = 496;

6,957 segments)

Diabetes (n = 85;

1,187 segments)

p

All evaluable segments 6,234 (89.6) 1,044 (88.0) 0.093

Segments with any plaque 1,008 (16.2) 352 (33.7) \ 0.001

Calcified plaque

All segments 571 (9.2) 202 (19.3) \ 0.001

LM/Proximal 291 (4.7) 83 (8.0) \ 0.001

Mid/Distal/Branches 280 (4.5) 119 (11.4) \ 0.001

Noncalcified or mixed plaques

All segments 437 (7.0) 150 (14.4) \ 0.001

LM/Proximal 223 (3.6) 68 (6.5) \ 0.001

Mid/Distal/Branches 214 (3.4) 82 (7.9) \ 0.001

Int J Cardiovasc Imaging

123

Author's personal copy

581 doentes, 7278 segmentos avaliáveis


