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Automated Quantitative Plaque Burden from Coronary CT 
Angiography Noninvasively Predicts Hemodynamic Significance 
by Using Fractional Flow Reserve in Intermediate Coronary 
Lesions1

Mariana Diaz-Zamudio, MD, Damini Dey, PhD, Annika Schuhbaeck, MD, Ryo Nakazato, MD, 
PhD, Heidi Gransar, PhD, Piotr J. Slomka, PhD, Jagat Narula, MD, PhD, Daniel S. Berman, 
MD, Stephan Achenbach, MD, James K. Min, MD, Joon-Hyung Doh, MD, PhD, and Bon-
Kwon Koo, MD, PhD
Department of Imaging and Medicine, Division of Nuclear Medicine (M.D.Z., R.N., H.G., P.J.S., 
D.S.B.), and Biomedical Imaging Research Institute (D.D.), Cedars-Sinai Medical Center, 8700 
Beverly Blvd, S. Mark Taper Building A238, Los Angeles, CA 90048; Department of Internal 
Medicine 2, University of Erlangen, Erlangen, Germany (A.S., S.A.); Cardiovascular Institute, 
Mount Sinai Medical Center, New York, NY (J.N.); Department of Radiology, Weill Cornell 
Medical College, New York-Presbyterian Hospital, New York, NY (J.K.M.); Department of 
Medicine, Inje University Ilsan-Paik Hospital, Goyang, South Korea (J.H.D.); and Department of 
Medicine, Seoul National University Hospital, Seoul, South Korea (B.K.K.)

Abstract

Purpose—To evaluate the utility of multiple automated plaque measurements from coronary 

computed tomographic (CT) angiography in determining hemodynamic significance by using 

invasive fractional flow reserve (FFR) in patients with intermediate coronary stenosis.
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Materials and Methods—The study was approved by the institutional review board. All 

patients provided written informed consent. Fifty-six intermediate lesions (with 30%–69% 

diameter stenosis) in 56 consecutive patients (mean age, 62 years; range, 46–88 years), who 

subsequently underwent invasive coronary angiography with assessment of FFR (values ≤0.80 

were considered hemodynamically significant) were analyzed at coronary CT angiography. 

Coronary CT angiography images were quantitatively analyzed with automated software to obtain 

the following measurements: volume and burden (plaque volume × 100 per vessel volume) of 

total, calcified, and noncalcified plaque; low-attenuation (<30 HU) noncalcified plaque; diameter 

stenosis; remodeling index; contrast attenuation difference (maximum percent difference in 

attenuation per unit area with respect to the proximal reference cross section); and lesion length. 

Logistic regression adjusted for potential confounding factors, receiver operating characteristics, 

and integrated discrimination improvement were used for statistical analysis.

Results—FFR was 0.80 or less in 21 (38%) of the 56 lesions. Compared with nonischemic 

lesions, ischemic lesions had greater diameter stenosis (65% vs 52%, P = .02) and total (49% vs 

37%, P = .0003), noncalcified (44% vs 33%, P = .0004), and low-attenuation noncalcified (9% vs 

4%, P < .0001) plaque burden. Calcified plaque and remodeling index were not significantly 

different. In multivariable analysis, only total, noncalcified, and low-attenuation noncalcified 

plaque burden were significant predictors of ischemia (P < .015). For predicting ischemia, the area 

under the receiver operating characteristics curve was 0.83 for total plaque burden versus 0.68 for 

stenosis (P = .04).

Conclusion—Compared with stenosis grading, automatic quantification of total, noncalcified, 

and low-attenuation noncalcified plaque burden substantially improves determination of lesion-

specific hemodynamic significance by FFR in patients with intermediate coronary lesions.

Coronary computed tomographic (CT) angiography has proved to be a reliable and 

reproducible noninvasive method for the assessment of coronary artery disease (1,2). Recent 

studies suggest that the decision to perform revascularization should be based not only on 

the grade of anatomic stenosis but also on the functional significance of coronary lesions, a 

characteristic that is not accurately determined by the degree of stenosis. Fractional flow 

reserve (FFR) has become the currently accepted standard for assessment of lesion-specific 

ischemia, and revascularization decisions made on the basis of lesion-specific ischemia with 

invasive FFR have been shown to substantially reduce subsequent adverse cardiac events 

compared with standard invasive coronary angiography–guided revascularization (3–5). CT 

angiography provides the ability to assess a variety of plaque characteristics in addition to 

stenosis. The aim of this study was to evaluate the performance of multiple automated 

plaque measurements from coronary CT angiography in determining lesion-specific 

hemodynamic significance with invasive FFR in patients with intermediate (30%–69%) 

coronary stenosis.

Materials and Methods

Patients

The study was approved by the institutional review board of the study centers, and all 

patients provided written informed consent. From September 2006 to November 2011, we 

studied 56 consecutive patients with at least one isolated area of intermediate stenosis (in the 
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range of 30%–69%) in the proximal or mid portion of a major epicardial coronary artery that 

was visually identified at CT angiography in patients with clinically indicated FFR who 

underwent invasive coronary angiography within 3 months (3,6). Coronary CT angiography 

was performed because of the presence of clinically suspected coronary artery disease on the 

basis of symptoms and risk factors. All patients were symptomatic at the time of coronary 

CT angiography and diagnostic catheterization. Inclusion criteria included completion of 

FFR evaluation and no change in clinical characteristics, symptoms, events, or treatment 

regimen between CT angiography and invasive coronary angiography. The exclusion 

criterion for quantitative image analysis was poor coronary CT angiography image quality; 

no patients were excluded on the basis of this criterion.

Coronary CT Angiography

Coronary CT angiography was performed according to the guidelines of the Society of 

Cardiovascular Computed Tomography for performing coronary CT angiography with two 

imagers (dual-source [Somatom Definition; Siemens, Forchheim, Germany] or 320–detector 

row [Aquilion One; Toshiba, Otawara, Japan] CT) (7). All patients received nitroglycerin, 

and those with a heart rate over 65 beats per minute were given β blockers unless a 

contraindication was present. An intravenous bolus (60–90 mL) of contrast material 

(Omnipaque 350; GE Healthcare, Princeton, NJ, or Visipaque 320; GE Healthcare, 

Princeton, NJ) was injected at a flow rate of 4–6 mL/sec. For dual-source CT, the following 

imaging parameters were used: tube current time product of 350 mAs per rotation and tube 

voltage of 100 or 120 kVp. Transaxial images were reconstructed with 0.750-mm section 

thickness and a medium-smooth convolution kernel. For the Aquilion One scanner, tube 

current of 200–400 mA and tube voltage of 100 or 120 kVp were used for image acquisition, 

and transaxial images were reconstructed with 0.6-mm section thickness. For both scanners, 

either prospective or retrospective electrocardiography gating (with x-ray tube current 

modulation for retrospective electrocardiography-gated protocols) was used for image 

acquisition. Timing bolus or bolus tracking, depending on the protocol, was used. Sharp 

kernel reconstruction series were not deemed necessary for visual assessment of calcified 

plaque or stenosis. For helical images, the position of the reconstruction window within the 

cardiac cycle was individually selected to minimize artifacts. Motion-free data sets, typically 

in mid diastole, were collected for analysis. All studies were considered diagnostic image 

quality with optimal contrast enhancement and no substantial motion artifacts. Radiation 

dose (dose length product) for coronary CT angiography was 142–714 mGyµcm (8).

Invasive Coronary Angiography and Measurement of FFR

Selective invasive coronary angiography was performed by way of standard catheterization 

in accordance with the guidelines of the American College of Cardiology for coronary 

angiography (9). FFR was measured with a 0.014-inch pressure sensor–tipped guide wire 

(PressureWire; St Jude Medical Systems, St Paul, Minn), as was previously described (10). 

Hyperemia was induced with administration of an intracoronary bolus (80 µg in the left 

coronary artery and 40 µg in the right coronary artery) or continuous infusion (140 µg/kg per 

minute) of intravenous adenosine (11). Intracoronary nitroglycerin was administered 

immediately before measurement of FFR. An FFR value of 0.80 or more was considered 
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abnormal (3). Interventional cardiologists were fully blinded to the quantitative evaluation 

of CT angiography images.

Analysis of Coronary CT Angiography

Automated assessment of multiple plaque characteristics of the coronary lesions was 

performed with a previously developed automated algorithm (Autoplaq, version 9.6; Cedars-

Sinai Medical Center, Los Angeles, Calif) on a standard 3.0-GHz computer workstation that 

runs Windows (Microsoft, Redmond, Wash) (12,13). The location where FFR was 

performed is directly marked on CT angiograms, and quantitative plaque characteristics 

were measured in segments up to this location. Stenosis measurements derived from 

automated analysis included the maximum diameter of stenosis and the maximum area of 

stenosis. The quantitative percentage of stenosis was calculated by dividing the narrowest 

lumen diameter by the mean of two healthy, nondiseased reference points. As was 

previously described, the absolute volumes for total, noncalcified, and calcified plaque were 

calculated by using image-specific thresholds (12,13). Low-attenuation noncalcified plaque 

was defined as noncalcified plaque below a preset low-attenuation threshold of 30 HU (14). 

The plaque burden for each category (total, noncalcified, and calcified) was calculated and 

defined as the plaque volume normalized to the vessel volume (plaque volume × 100%/

vessel volume). The remodeling index was determined as the ratio of maximum vessel area 

to that at the proximal healthy reference point (15). Lesion length (in millimeters) was the 

length of the diseased vessel as computed by the quantitative software. Contrast attenuation 

difference over the lesion was computed as follows: The luminal contrast attenuation, which 

is defined as the attenuation per unit area, similar to an “area gradient,” was computed over 

1-mm cross sections of the arterial segment (16). The contrast attenuation difference was 

defined as the maximum percent difference in contrast attenuations with respect to the 

proximal reference cross section (the area with no disease). To quantify each lesion, 

coronary CT angiography images were examined by an experienced reader (M.D.Z., with 

more than 3 years of experience) who was blinded to invasive coronary angiography and 

FFR findings up to the marked FFR location at CT angiography. For each patient, 

quantification was performed by only one expert reader (M.D.Z.); excellent interobserver 

and interimage reproducibility were previously reported (13,17). Subsequent plaque 

quantification was automated by using image-specific adaptive thresholds. The volumes of 

each segment were then summed to obtain total per-vessel plaque volumes. For each artery, 

maximum diameter stenosis, remodeling index, and contrast attenuation difference were 

reported. The final result of quantification was edited if needed and approved by the 

experienced reader (M.D.Z.). The time for analysis was 3–5 minutes.

Statistical Analysis

Continuous variables are expressed as a mean plus or minus a standard deviation and range. 

Comparisons between volumes were performed by using the paired t test. To examine 

discrimination, the areas under the receiver operating characteristics curve (AUCs) were 

obtained and compared for quantitative CT parameters. Multivariate logistic regression was 

performed for variables that were significant at univariate analysis. Because established risk 

categories do not exist for quantitative plaque features, patient reclassification was assessed 

by using the integrated discrimination improvement (IDI) index (18). The IDI index was 
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calculated for each model. Statistical analysis was performed with STATA version 11 

(StataCorp LP, College Station, Tex) and Analyze-it software (Analyze-it Software, Leeds, 

England). IDI analyses were performed with SAS 9.2 software (SAS Institute, Cary, NC). P 

value less than .05 was considered to indicate a statistically significant difference.

Results

Patient Characteristics

The mean patient age was 62.4 years ± 9.0 (range, 46–88). Mean ages for women and men 

were 60.1 years ± 8.1 and 62.9 years ± 9.1, respectively, with no significant differences (P 

= .4). Demographic and clinical characteristics are listed in Table 1. There was no difference 

in any characteristics between the patients in the ischemic group and those in the 

nonischemic group. The median time between coronary CT angiography and invasive 

coronary angiography was 21 days (range, 13–35 days). During this time, no change in 

clinical characteristics, symptoms, or events occurred. Of the 56 analyzed coronary artery 

lesions, 36 (64.3%) were in the left anterior descending coronary artery, 15 (26.8%) were in 

the right coronary artery, and five (8.9%) were in the left circumflex coronary artery. Of the 

intermediate stenoses, 21 (37.5%) were considered ischemic according to FFR. Figure 1 

shows a case example from our study.

CT Angiography Parameters in Ischemic Versus Nonischemic Stenoses

Stenosis measurements (both the maximum diameter and the maximum area of stenosis) 

were significantly higher in lesions with an FFR of 0.80 or less than they were in those with 

an FFR above 0.80. Lesions with hemodynamic relevance had significantly higher plaque 

volumes (256.7 vs 173.7 cm3, P = .005) and plaque burden (48.5% vs 37.2%, P = .0003) 

than did lesions that were not hemodynamically relevant according to FFR. Similarly, at a P 

< .05 level of statistical significance, the volumes and burden of noncalcified and low-

attenuation noncalcified plaque were significantly higher in hemodynamic relevance (Table 

2). Conversely, volume and burden of calcified plaque were not significantly different 

between ischemic and nonischemic lesions. Contrast attenuation difference was significantly 

higher in ischemic lesions (23.7 vs 18.9%, P = .03), whereas remodeling index and lesion 

length were not significantly different (Table 2).

At multivariate analysis, which was adjusted by age and sex, only total, noncalcified, and 

low-attenuation plaque burden were significant predictors of ischemia (Table 3). For low-

attenuation noncalcified plaque, the association persisted even when noncalcified and total 

plaque burden were added (low-attenuation noncalcified plaque: odds ratio, 1.32; P = .037; 

total plaque: odds ratio, 1.09, P = .07). In contrast, the calcified plaque burden was not 

significant (P = .94) in this multivariable analysis.

Discrimination of Ischemic Lesions

Discriminative powers for independent predictors of hemodynamic relevance were 

compared with the use of receiver operating characteristics analysis (Fig 2). When plaque 

burden measurements were separately considered, the AUC for determining whether FFR 

was 0.80 or less was significantly higher for total plaque burden (AUC, 0.83; 95% 
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confidence interval [CI]: 0.71, 0.93) than for maximum diameter stenosis (AUC, 0.69; 95% 

CI: 0.54, 0.82; P = .036). The AUC for noncalcified plaque burden (AUC, 0.78; 95% CI: 

0.65, 0.91; P = .13] and low-attenuation noncalcified plaque burden (AUC, 0.79; 95% CI: 

0.65, 0.92; P = .19) showed a trend to being higher than did that for maximum diameter 

stenosis. Further, the AUC for the additive value of total plaque burden to maximum 

diameter stenosis was also significantly higher than that for maximum diameter stenosis 

alone (AUC, 0.83; 95% CI: 0.71, 0.93; P = .033).

The optimal threshold for the use of total plaque burden to identify hemodynamically 

relevant coronary artery stenoses was 42%. This threshold led to a sensitivity of 90.5% and 

specificity of 74.3%. For diameter stenosis determined at coronary CT angiography, the 

optimal threshold was greater than 50% lumen reduction, which led to a sensitivity of 90.5% 

and specificity of 37.1% and was significantly lower than that for plaque burden (P = .

0033).

Table 4 shows the IDI for predicting ischemia for characterized plaque burden. 

Characterization of total, noncalcified, and low-attenuation noncalcified plaque burden 

significantly improved the discrimination of ischemia on a perpatient basis.

Discussion

Our results show that, in patients with intermediate coronary lesions, automatic 

measurement of total and noncalcified plaque burden significantly improves prediction of 

hemodynamic significance with FFR and is the only variable that indicates hemodynamic 

significance with FFR and multivariable analysis. Further, compared with stenosis, 

specificity was significantly improved. On a per-patient basis, quantitative plaque burden 

significantly improved risk reclassification for predicting ischemia (total, noncalcified, and 

low-attenuation noncalcified plaque burden). Our results also suggest that low-attenuation 

plaque burden, a feature of plaque vulnerability, indicates hemodynamic significance with 

FFR.

The inaccuracy of stenosis for predicting lesion-specific ischemia is well known. In the FFR 

versus angiography for multivessel evaluation, or FAME, study, Tonino et al (19) reported 

that 65% of lesions that were considered to be of 50%–70% stenosis were not ischemic 

according to FFR. While the accuracy of coronary CT angiography for depicting anatomic 

coronary stenosis by way of invasive coronary angiography is high, as with invasive 

coronary angiography, the accuracy of stenosis at CT angiography for detecting ischemia by 

FFR is much lower (20). On the basis of quantification of stenosis alone, previous studies 

support a good correlation with stenosis grade at quantitative invasive coronary angiography 

and a fair but insufficient correlation with ischemia by FFR (21,22). The inaccuracy of 

stenosis variables for indicating ischemia may be related to plaque characteristics beyond 

the grade of stenosis, such as plaque length, geometry, volume, burden, and components. 

Because of the ability of coronary CT angiography to depict these characteristics, 

quantitative plaque measurement could potentially increase the performance of coronary CT 

angiography in differentiating among ischemic and nonischemic lesions.
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Regarding plaque features, previous studies have shown that assessment of plaque 

characteristics could increase the performance and specificity of CT angiography for 

depicting ischemia (23–25). In general, our results are in accordance with these previous 

studies and build upon previous results by including not previously reported quantitative 

parameters derived from automated evaluation, particularly plaque burden, plaque 

composition, and contrast attenuation difference. Furthermore, to date, most of these 

quantitative assessments are based on manual methods that are both highly subjective and 

time consuming.

Several plaque characteristics may contribute to hemodynamic significance of stenosis and 

include anatomic factors such as plaque length and morphologic characteristics and 

physiologic factors such as impaired hyperemic responses arising from endothelial 

dysfunction and dynamic vasoconstriction. Pathophysiologically, the total atherosclerosis 

proximal to a coronary lesion has been demonstrated to be an important contributor to its 

hemodynamic status. De Bruyne et al (26) reported that early-stage coronary atherosclerosis 

is often associated with abnormal resistance of the coronary arteries before high-grade 

stenosis is apparent at angiography by way of invasive coronary angiography. 

Atherosclerotic coronary arteries without high-grade stenosis often manifest as a continuous 

pressure decline along their length, and they reduce coronary flow reserve and contribute to 

myocardial ischemia. A study by Naya et al (27) of the relationship of visually assessed total 

coronary plaque burden and composition at CT angiography with impaired regional 

myocardial flow reserve measured at rubidium 82 positron emission tomography suggested 

that noncalcified plaque may be a surrogate marker of more diffuse coronary microvascular 

dysfunction. A recent histopathologic investigation demonstrated that the best discriminator 

of vulnerable plaque is the thickness of the fibrous cap, followed by macrophage infiltration 

and necrotic core. Further, in those who experienced sudden cardiac death, a high proportion 

of culprit lesions were found to cause obstructive luminal stenosis, particularly in later 

stages of plaque development (28). It has been suggested that plaque vulnerability may be 

related to hemodynamic perturbations and altered shear stress in the coronary arteries 

(29,30). A previous study by Shmilovich et al (24) showed that the high-risk plaque features 

of lipid core and positive remodeling indicate myocardial ischemia and may be useful in 

assessing the hemodynamic significance of stenotic lesions. Our findings that total, 

noncalcified, and low-attenuation noncalcified plaque burden—prognostically important 

plaque measures—substantially improve determination of the hemodynamic significance of 

intermediate lesions, add to the studies reported thus far, and further enhance these 

pathophysiologic hypotheses.

Other coronary CT angiography–based methods for predicting lesion-specific ischemia have 

been described and include assessment of transluminal attenuation gradient and noninvasive 

FFR derived from coronary CT angiography and CT perfusion. FFR derived from coronary 

CT angiography has shown good results in determining invasive FFR (15, 31–33). Wong et 

al (34) reported that transluminal attenuation gradient was as accurate as CT stress perfusion 

in predicting ischemia by FFR. The combination of CT perfusion and coronary CT 

angiography showed improved diagnostic accuracy for depicting ischemia by way of 

invasive coronary angiography and single photon emission CT–myocardial perfusion 

imaging compared with CT angiography alone (35). The possibility that the quantitative 
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plaque features we described may be used in combination with one or more of these other 

methods for predicting ischemia is promising and merits further exploration.

A major limitation of this study is the relatively small sample size and the potential biases 

that are introduced by the selection of patients who underwent invasive coronary 

angiography and FFR. Because of the invasive nature and cost of FFR, it was performed 

only in individuals with intermediate coronary stenosis seen at invasive coronary 

angiography. Some patients with intermediate stenosis at CT angiography would not have 

been included in this study, and, in our cohort, some lesions with intermediate stenosis at CT 

angiography were not studied with FFR; we limited our analysis to lesions with intermediate 

degrees of luminal stenosis at coronary CT angiography. Whether plaque burden is also 

predictive of hemodynamic significance in lesions with more severe luminal stenosis was 

not examined.

Our findings suggest that automated measurement of plaque characteristics and, specifically, 

plaque burden, which is expressed as the percent of the volume of the artery that contains 

plaque, have the potential to help guide management of patients with intermediate coronary 

stenosis and can potentially be used as a tool in distinguishing hemodynamically significant 

lesions.

Abbreviations

AUC area under the receiver operating characteristics curve

CI confidence interval

FFR fractional flow reserve

IDI integrated discrimination improvement
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Advances in Knowledge

■ In patients with intermediate coronary lesions, automatic measurement of 

total plaque burden substantially improves identification of hemodynamic 

significance with fractional flow reserve (FFR) over stenosis (area under the 

receiver operator characteristic curve 0.83 vs 0.68, P = .04).

■ Specificity for identifying hemodynamic significance on the basis of FFR is 

significantly improved with the use of total plaque burden compared with 

stenosis (74.3% vs 37.1%, P = .0033) in patients with intermediate lesions.
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Implication for Patient Care

■ Automatic measurement of plaque characteristics has the potential to help 

guide treatment of patients with intermediate coronary stenosis who undergo 

coronary CT angiography and can potentially be used as a tool to 

noninvasively distinguish hemodynamically significant lesions.
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Figure 1. 
Automated plaque quantification in a 65-year-old man. A, Long- and transverse-axis and, B, 

subsequent fully automated quantification CT angiograms obtained after manual setting of 

proximal and distal limits of the lesion show noncalcified (red areas), calcified (yellow 

areas), and low-attenuation (orange areas) plaque and the location where FFR (0.78) was 

performed (arrows). Despite the presence of a low-diameter stenosis (34%) and a high total 

(43.2%) and noncalcified (30%) plaque burden, ischemia was correctly predicted with FFR.
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Figure 2. 
Scatter plot shows AUC comparison between the total plaque burden and the maximum 

diameter stenosis.
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Table 1

Demographic and Clinical Characteristics

Characteristic
All Patients
(n = 56)

Nonischemic
Group (n = 35)

Ischemic Group
(n = 21) P Value

Physical characteristics

  FFR* 0.81 ± 0.1 0.87 ± 0.04 0.71 ± 0.08 <.0001

  Age (y)* 62.4 ± 9 62 ± 9 63 ± 9.1 .66

  Male sex 43 (76.8) 29 (82.8) 14 (66.6) .24

  Height (cm)* 164.2 ± 7.2 165.2 ± 6.7 162.5 ± 8 .19

  Weight (kg)* 67.3 ± 10 67 ± 7.8 67.9 ± 13.1 .75

  BMI* 24.8 ± 2.3 24.5 ± 1.5 25.5 ± 3.3 .11

Clinical characteristics

  Diabetes 11 (19.6) 8 (22.8) 3 (14.2) .51

  Hypertension 36 (64.3) 23 (65.7) 13 (61.9) .78

  Dyslipidemia 49 (87.5) 32 (91.4) 17 (80.9) .4

  Current smoker 20 (35.7) 15 (42.8) 5 (23.8) .24

  Total cholesterol* 171.8 ± 40.7 172.1 ± 38.3 171.4 ± 45.3 .95

  LDL cholesterol* 105.6 ± 33.6 105.8 ± 34.3 105.4 ± 33.2 .95

  Triglycerides* 147.7 ± 73.3 157.3 ± 61.8 131.7 ± 88.7 .2

Treatment regimen

  Statin 52 (92.8) 32 (91.4) 20 (95.2) >.99

  Aspirin 52 (92.8) 31 (88.5) 21 (100) .28

  Beta blocker 19 (33.9) 11 (31.4) 8 (38) .77

  Calcium channel blocker 23 (41.1) 17 (48.6) 6 (28.5) .14

  ACE inhibitor 27 (48.2) 15 (42.8) 12 (57.1) .4

Note.—Unless otherwise indicated, data are numbers of patients, and data in parentheses are percentages. BMI = body mass index, LDL 
cholesterol = low-attenuation lipoprotein cholesterol, ACE inhibitor = angiotensin-converting-enzyme inhibitor.

*
Data are means plus or minus standard deviation.
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Table 2

Quantitative Plaque Features in Ischemic and Nonischemic Stenoses

Plaque Feature

Stenoses*

P ValueNonischemic (n = 35) Ischemic (n = 21)

Maximum diameter stenosis 52.17 ± 20.9 65 ± 13.9 .02

Maximum area stenosis 73.7 ± 24.7 86.8 ± 9.44 .02

Total plaque volume 173.7 ± 107 256.7 ± 93 .005

Noncalcified plaque volume 155.35 ± 96.6 229.3 ± 72.2 .004

Low-attenuation plaque volume 19 ± 14.8 44.5 ± 29.2 .0001

Calcified plaque volume 17.37 ± 31.7 27.34 ± 40.4 .3

Total plaque burden 37.2 ± 12.1 48.5 ± 7.2 .0003

Noncalcified plaque burden 33.4 ± 11.2 44.2 ± 8.5 .0004

Low-attenuation plaque burden 4.2 ± 2.5 8.6 ± 4.4 <.0001

Calcified plaque burden 3.6 ± 5.4 4.3 ± 5.7 .61

Remodeling index 1.49 ± 0.19 1.56 ± 1.8 .8

Contrast attenuation difference 18.9 ± 8.6 23.7 ± 9 .03

Lesion length 34.7 ± 17.2 40.2 ± 32.7 .24

*
Data are means plus or minus standard deviation.
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Table 3

Multivariate Analysis of Quantitative Plaque Characteristics for Lesion-Specific Ischemia

Plaque Characteristic Odds Ratio P Value

Total plaque burden 1.15 (1.04, 1.27) .007

Noncalcified plaque burden 1.12 (1.02, 1.23) .01

Low-attenuation plaque burden 1.43 (1.13, 1.81) .003

Maximum diameter stenosis 1.01 (0.95, 1.05) .95

Maximum area stenosis 1.01 (0.95, 1.07) .59

Contrast attenuation difference 1.06 (0.96, 1.17) .19

Lesion length 1.02 (0.98, 1.07) .25

Note.—Data in parentheses are CIs.
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Table 4

IDI for Total, Noncalcified, and Low-attenuation Noncalcified Plaque Burdens over Stenosis

Plaque Burden IDI 95% CI P Value

Total 0.17 0.06, 0.28 .002

Noncalcified 0.14 0.03, 0.25 .009

Low-attenuation noncalcified 0.20 0.05, 0.34 .006
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