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Abstract
Purpose: To explore the diagnostic e�cacy of CCTA + plain scan for ruptured plaques with optical
coherence tomography (OCT) as the reference, and to preliminarily analyze the in�uential factors.

Methods: Patients who underwent CCTA and OCT were retrospectively enrolled. Signs of ruptured plaque
(plaque ulcer or intra-plaque dye penetration) and other plaque measurements on CCTA were recorded
and compared with plain scans (calci�cation scoring scan) to differentiate calci�cations from rupture
signs. By OCT, presence of ruptured plaque was determined. Total 65 patients with 71 plaques were
included.  

Results: There were 40 OCT-con�rmed ruptured plaques in 38 patients and 31 OCT-con�rmed non-
ruptured plaques in 27 patients. CCTA+ plain scan identi�ed 27 ruptured plaques in 27 patients and 28
non-ruptured plaques in 24 patients. With OCT as the gold standard, the per-patient sensitivity, speci�city,
positive and negative predictive values, and accuracy of CCTA + plain scan for diagnosing ruptured
plaque were 71%, 89%, 90%, 69%, and 78%, and there was good agreement (Kappa=0.70) between CCTA
+ plain scan and OCT. Among 13 false negative ruptured plaques, 2 had calci�cations close to the
rupture, and the cavity depth in the remaining 11 was 0.46 ±0.17 mm, vs. 0.98±0.26 mm in 27 true
positive ruptured plaques (P<0.01).

Conclusion: CCTA + plain scan has high speci�city and positive predictive value in diagnosing ruptured
plaque with medium sensitivity and negative predictive value. The cavity depth of ruptured plaques and
calci�cations at the rupture site may be the main in�uential factors. 

Introduction
Acute coronary syndrome (ACS) remains one of the main causes of death globally, and pathological
studies reveal that most of them are caused by coronary plaque rupture followed by thrombotic arterial
occlusion [1-4]. Intravascular imaging, in particular extremely high-resolution optical coherence
tomography (OCT) , has the advantage of detecting plaque rupture characterised by non-continuous
�brous cap [5, 6]. However, OCT has several limitations, such as costly, invasive, limited access to the
technology, and requires an erythrocyte �ush and increased dosage of contrast agent [5].

    Coronary computed tomographic angiography (CCTA) is relatively noninvasive and its routine
application in the clinical evaluation of coronary plaques has good feasibility and reproducibility [7-9].
Although the spatial resolution of CCTA is limited, studies have shown that it can display the
characteristics of ruptured plaques, e.g., plaque ulcer or intra-plaque dye penetration. However, the
limitations of previous studies cannot be neglected, i.e., 1) with invasive coronary angiography (ICA) or
intravascular ultrasound (IVUS) with limited spatial resolution as the reference, ruptured plaques may be
neglected or misdiagnosed; 2) without a plain scan for comparison, some calci�cations are easily
misinterpreted as signs of rupture on CCTA alone, thus wrongly estimating the diagnostic e�cacy of CT
for ruptured plaque [10-13]. This study aimed to explore the diagnostic e�cacy of CCTA + plain scan for
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ruptured plaques in vivo with OCT as the reference, and to preliminarily analyze in�uential factors so as
to provide a basis for clinical application of CT in the non-invasive diagnosis of ruptured plaque.

Materials And Methods
1.1 Patients

    All consecutive patients from February 2017 to January 2020 with suspected coronary artery disease
who underwent CCTA followed by pre-procedural OCT within 3 days were retrospectively included. OCT
was the gold standard for diagnosing the ruptured plaques. All lesions were located in the proximal or
middle segments of the coronary artery. We initially included 110 patients. Exclusion criteria were: (1) left
main coronary artery lesions; (2) only in-stent OCT data available; (3) severe plaque calci�cation
(calci�cation covering ≥50% of the plaque) with an invisible lumen on CCTA [14]; (4) inadequate CCTA or
OCT images. A total of 65 patients (age 32 to 84 (56.17±12.03) years; 83.3% men) with 71 plaques were
�nally included in the study. The general clinical data of all subjects were collected. This retrospective
study conforms to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the
institutional ethics committee, and written informed consent was waived.

1.2 CCTA examination methods

   All patients underwent CCTA on a Siemens Somatom Force CT scanner (Siemens Healthineers,
Forchheim, Germany). Sublingual nitroglycerin 0.25 mg (AstraZeneca Pharma, Wuxi, Jiangsu, China) was
administered at 5 min before examination. The scan range was from the level of the tracheal carina to
the diaphragmatic surface of heart. Firstly, the calci�cation scoring scan (plain scan) was performed
under the scan mode of prospective ECG-gated sequence and with a slice thickness of 3 mm. Secondly,
the three-phase injection was completed via the antecubital vein using an Ulrich dual-cylinder high-
pressure syringe (Germany). In phases one and two, 40 to 50 mL and 20 to 30 mL of the contrast agent
(iohexol 300 mg/mL; Yangtze River Pharmaceutical Group) were injected separately at 5.0 to 5.5 mL/s
and 3.5 to 4.0 mL/s, followed by injection of 30 mL 0.9% NaCl in the third phase. The region of interest
(ROI) was selected at the level of ascending aorta by using a contrast tracing method. The scan was
triggered automatically at a delay of 5 s when the CT value reached 100 Houns�eld units (HU), and the
scan parameters follow. Scan mode: prospective ECG-gated sequence; rotation speed: 0.25 s/r; detector
collimation: 2 × 96 × 0.6 mm; tube voltage and tube current: auto mAs and auto kV; matrix: 512 × 512;
slice thickness: 0.75 mm; interval: 0.7 mm.

1.3 Image evaluation

    All CCTA images were sent to a Siemens Syngo.via VB10 post-processing workstation (Siemens
Healthineers, Forchheim, Germany). Plaques were identi�ed and location, CT value, intra-plaque dye
penetration, ulcer, high-risk plaque signs, and degree of stenosis were determined under double-blinding
by two radiologists with at least 10 years of experience in cardiovascular imaging. Small branches and
artifacts were excluded by careful slice-by-slice examination of axial images and 360-degree rotation with
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the lesion as the center. The data from CCTA images were compared with those from the plain scans to
differentiate calci�cation from rupture signs, and disagreements were resolved by a third radiologist.
Ulcer (extraluminal contrast agent communicating with the lumen) or intra-plaque dye penetration
(extraluminal contrast agent not communicating with the lumen) indicated ruptured plaque [11] and the
high-risk plaque signs [15] were (1) remodeling index (RI) >1.1, RI = maximal vascular diameter at the
plaque site/[( proximal normal vascular diameter of the plaque + distal normal vascular diameter of the
plaque )/2 ]; (2) low-attenuation (CT value of the plaque in any voxel <30 HU); (3) spotty calci�cations
(maximum diameter of calci�cation in any direction <3 mm); and (4) the napkin-ring sign, which is a
circular area of high-attenuation, with CT value ≤130 HU to exclude calcium deposition, surrounding the
low-attenuation plaque core.

1.4 OCT and Diagnostic Criteria

A frequency domain-based OCT system (Abbott Ilumien Optis OCT Endovascular Imaging System;
withdrawal speed: 20 mm/s; 100 frames/s; withdrawal length: 54 mm) was used. The artery was cleared
of blood by continuous �ushing with iodixanol 370 (Visipaque, GE Health Care, Cork, Ireland) at a �ow
rate of 3.0 mL/s. OCT imaging was obtained with automatic pullback, and the data were stored for off-
line analysis. The OCT images were evaluated independently under double-blinding by two radiologists
with at least 5 years of experience in endoluminal imaging, and disagreements were resolved by a third
radiologist. The diagnostic standards for ruptured plaque on OCT were non-continuous �brous cap with
the lumen communicating with the plaque core, or the presence of intra-plaque cavitation [5].

1.5 Statistical Analysis

    SPSS 23.0 statistical software was used. The quantitative data are presented as mean ± SD and the
qualitative data are expressed as number (n) or percentage (%) and were analyzed with x2. Continuous
variables were analyzed with independent-sample t test. Agreement between two radiologists or two
diagnostic methods was analyzed by using the Kappa statistic, and with OCT as the gold standard,
sensitivity, speci�city, negative predictive value (NPV), and positive predictive value (PPV) of CCTA alone
and CCTA + plain scan for diagnosing ruptured plaques were calculated. P<0.05 indicated a statistical
difference.

Results
2.1 Study Population Demographics and Distribution of Coronary Plaques

    In 65 patients with 71 plaques in our study, the majority of patients were male and more than half of
the patients had hypertension or hyperlipemia. There were 44 plaques in left anterior descending arteries,
3 plaque in left circum�ex artery, and 24 plaques in right coronary arteries; the corresponding stenosis on
CCTA was mild, moderate, and severe in 3, 28, and 40, respectively. OCT con�rmed 40 ruptured plaques in
38 patients and 31 non-ruptured plaques in 27 patients. There was no signi�cant difference in the general
clinical data between rupture and non-rupture patients (Table 1).
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2.2 Diagnostic Performance of CCTA + Plain Scan

    In 38 rupture patients (40 ruptured plaques), 27 patients (27 plaques) were correctly diagnosed by both
CCTA alone and CCTA + plain scan (Fig. 1), and 13 ruptured plaques were missed (false negative) (Fig.
2). In 27 non-rupture patients (31 non-ruptured plaques), 20 patients (24 plaques) were correctly
diagnosed by CCTA alone and 24 patients (28 plaques) were correctly diagnosed by CCTA + plain scan.
Four non-ruptured plaques were misdiagnosed as ruptured plaque by CCTA alone because of
calci�cations that were correctly identi�ed by the plain scan (Fig. 3). There was excellent agreement
between radiologists for diagnosis of ruptured plaque by CCTA + plain scan (Kappa=0.90).

    With OCT as the gold standard, CCTA + plain scan had high speci�city and PPV, with an increase of
more than 10% compared with CCTA alone (Table 2), and medium sensitivity and NPV for ruptured
plaque, with Kappa=0.70 for agreement (per patient) between CCTA + plain scan and OCT. Among the
four signs of high-risk plaque, there were more spotty calci�cations in ruptured plaques than in non-
ruptured plaques (30.0% vs. 9.7%, P<0.05), but there was no signi�cant difference in low-density plaques,
RI, or napkin-ring sign (Table 3).

2.3 Factors Affecting Diagnostic Performance of CCTA + Plain Scan

After careful comparison among three image sequences (plain scan, CCTA, and OCT), we noticed that
2/10 false negative ruptured plaques had rupture cavities close to calci�cations (Fig. 4), and that on OCT,
the cavity depth of the remaining 11 false negative ruptured plaques, compared to 27 true positive
ruptures, was 0.46 ±0.17 mm vs. 0.98±0.26 mm (P<0.01), with cavity width = 0.88±0.36 mm vs. 1.35±
0.65 mm (P>0.05).

Discussion
With OCT as the gold standard, the per-patient speci�city and PPV of CCTA + plain scan for diagnosis of
ruptured plaques were 89% and 90%, and the sensitivity and NPV reached 71% and 69%. The agreement
between CCTA + plain scan and OCT for the diagnosis of ruptured plaques reached a Kappa value of
0.70, and cavity depth and calci�cation at the rupture site might be the major factors in�uencing the
diagnostic performance of CCTA+ plain for ruptured plaque.

3.1 Diagnostic Value of CCTA + Plain Scan for Ruptured Plaques and Advantages of Our Study

Our study results indicated that CCTA + plain scan has high speci�city and PPV for the diagnosis of
ruptured plaques, as well as medium sensitivity and NPV. Our �ndings improve upon the existing data,
�rstly by using OCT optical biopsy as the gold standard. With a resolution of up to 10 to 15 μm (nearly
10× that of IVUS, OCT allows clear in vivo assessment of the �brous cap thickness of plaques, slight
ruptured plaque, and arterial dissection [6]. Previous studies have evaluated CCTA with ICA or IVUS as the
standard, with a limited resolution that often caused misdiagnosis of ruptured plaques and thus wrongly
estimated the true diagnostic e�cacy of CCTA for these plaques. Recently, Obaid et al [13] found by
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comparing CCTA with IVUS in diagnosing ruptured plaques, CCTA had speci�city of up to 91% but
sensitivity of only 33%. We observed a similar speci�city but a much greater sensitivity (71%; per patient).
Although IVUS has been widely used in the morphological evaluation including plaque load and
histological characteristics, it is still very challenging to assess minute changes in the vessel wall and
detect ruptured plaques [16]. In a recent study with OCT as the gold standard, Ohashi et al [17] found that
the speci�city of the latest-generation high-resolution IVUS for ruptured plaques was only 57.1%. With ICA
as the gold standard, Madder et al [11] and Bilolikar et al [12] found that CCTA had a low PPV for ruptured
plaque (57.8% and 58.8%, respectively) but a high NPV (91.9% and 95%, respectively); this excellent
negative predive capability might be because ICA missed some small ruptured plaques. When Obaid et al
[13] used IVUS as the gold standard, the sensitivity of ICA for ruptured plaques was only 49%. Secondly,
we compared enhanced and plain scan images to differentiate calci�cations from signs of rupture, which
was helpful to decrease the number of false positive ruptured plaques. Among the 27 OCT con�rmed
non-rupture patients in this study, 4 (14.8%) had false positive signs of rupture on CCTA alone that were
con�rmed as calci�cations on plain scan. Overall, the speci�city and PPV of CCTA + plain scan were
improved by more than 10% compared with CCTA alone, and there was good agreement between CCTA +
plain scan and the gold-standard OCT. Finally, compared with the 64-row spiral CT and traditional �ltering
reconstruction used in the previous studies, the third-generation dual-source CT used in this study has a
higher temporal resolution (66 ms), and in combination with a photon detector and advanced modeled
iterative reconstruction, it can display the signs of ruptured plaque more clearly, thus further improving
the diagnostic e�cacy of CCTA for ruptured plaques. Besides, ruptured plaques had more high-risk signs
than non-ruptured plaques in our study. That this was only signi�cant for spotty calci�cation may be
associated with a small sample size.

3.2 Factors Affecting Diagnostic Performance of CCTA + Plain Scan

In this study, 40 ruptured plaques were diagnosed by OCT, of which 13 (32.5%) were misdiagnosed as
non-ruptured plaques (false negative) by CCTA + plain scan. Thus, the sensitivity and NPV of CT for
ruptured plaques were unsatisfactory. The following reasons are proposed based on comparison among
three image sequences (plain scan, CCTA, and OCT). Firstly, it is di�cult to detect slight rupture (i.e.,
ruptured plaques with a small cavity) on CT with limited spatial resolution. In our study, 11 CCTA false
negative ruptured plaques had cavity depths of only 0.46 mm on average at OCT. The cavity depth was
evidently greater (0.98 mm) in true positive ruptured plaques, while there was no signi�cant difference in
the cavity width. This may indicate that small longitudinal rupture (cavity depth <0.46 mm) is an
important factor in�uencing the accurate diagnosis of ruptured plaque by CCTA, and the diagnostic
e�cacy of CCTA might be further improved by adding radiomics and deeply mining the internal plaque
features in the further study. Secondly, calci�cations can block intra-plaque dye penetration in some
areas, which is easily mistaken for the partial volume effect of calci�cations and thus leads to false-
negative diagnosis of ruptured plaque. In our study, the cavities of 2/10 false negative ruptured plaques
were located near calci�cations. Finally, previous studies have shown that small calci�cations could be
easily misperceived as intra-plaque dye penetration, thus contributing to the number of false positive
results [11-13]. In the study of Obaid et al [13], all 3 false positive results occurred in plaques with small
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calci�cations, and in our study, the comparison between plain and enhanced scans resulted in correction
of 4/28 false positive ruptured plaques to true-negative non-ruptured plaques, which mitigated the CCTA
alone false-positive rate for ruptured plaques to some degree. Undeniably, our plain scan, which was
performed with the routine calci�cation scoring sequence, other than the newly added sequence, had a
bigger slice thickness (3 mm), though the radiation dose was not increased; thus, small calci�cations
could have been missed, which may be an explanation for the false positive results in this study.

Limitations
Firstly, this was a single-center study with a small group. Especially there were few patients with slight
ruptured plaque; thus it is necessary to carry out further large-scale multi-center studies to validate and
exploring the clinical signi�cance of our �ndings. Secondly, as this was a retrospective study,
reconstruction of thinner plain scan images could not be completed, and a stricter comparison might
have further reduced the false positive rate. Finally, there was a certain interval between CCTA and OCT
examinations, and incidents during the interval might result in morphological change in plaques.
Therefore, the interval shall be more strictly limited in future studies.

Conclusion
In sum, CCTA + plain scan has high speci�city and PPV with medium sensitivity and NPV in diagnosing
ruptured plaques. The cavity depth of the ruptured plaques and calci�cation at the rupture site may be
major factors in�uencing its accuracy in coronary ruptured plaque.
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Parameter Rupture group (n=38) Non-rupture group (n=27) P value

Age, y 56.0±11.9 56.4±12.5 0.94

Male, n (%) 33 (86.8%) 21 (77.8%) 0.33

Smoking, n (%) 16 (42.1%) 11 (40.7%) 0.91

Body mass index, kg/m2 27.0±3.1 26.4±4.3 0.55

Diabetes, n (%) 12 (31.6%) 9 (33.3%) 0.88

Hypertension, n (%) 19 (50.0%) 15 (55.6%) 0.55

Hyperlipemia,n (%) 24 (63.2%) 12 (44.4%) 0.14

 

Table 2. Diagnostic performance of CCTA alone and CCTA + plain scan for ruptured plaque

Parameter Sensitivity (%) Speci�city (%) PPV (%) NPV (%) Accuracy (%)

Per patient          

CCTA alone 27/38(71) 20/27(74) 27/34(79) 20/31(65) 47/65(72)

[56,86] [56,92] [65,94] [47,82] [61,83]

CCTA + plain scan 27/38(71) 24/27(89) 27/30(90) 24/35(69) 51/65(78)

  [56,86] [89,100] [79,100] [52,85] [68,89]

Per plaque          

CCTA alone 27/40(68) 24/31(77) 27/34(79) 24/37(65) 51/71(72)

  [52,83] [62,93] [65,94] [49,81] [61,83]

CCTA + plain scan 27/40(68 28/31(90) 27/30(90) 28/41(68) 55/71(77)

  [52,83] [79,100] [79,100] [53,83] [68,87]

Note: CCTA, coronary computed tomographic angiography; PPV, positive predictive value; NPV, negative
predictive value.

  

Table 3. High-risk plaque signs on CCTA in ruptured and non-ruptured plaques
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Parameter Rupture group (n=40) Non-rupture group (n=31) P

CT value, HU 52.64±27.76 50.73±31.64 0.79

Low-attenuation plaque, n 22 (55.0%) 14 (45.2%) 0.41

RI 1.27±0.22 1.24±0.12 0.40

RI>1.1, n 35 (87.5%) 24 (77.4%) 0.26

Spotty calci�cation, n 12 (30.0%) 3 (9.7%) <0.05

Napkin-ring sign, n 19 (47.5%) 8 (25.8%) 0.06

Note: CCTA, coronary computed tomographic angiography; HU, Houns�eld units; RI, remodeling index.

 

Figures
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Figure 1

CCTA shows intra-plaque dye penetration in the left anterior descending artery (2a, asterisk), and OCT
shows the ruptured �brous cap of plaques with cavitation (cavity depth 1.2 mm) (2b, asterisk).
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Figure 2

There is no signi�cant intra-plaque dye penetration or ulcer in the left anterior descending artery on CCTA
(2a, arrow), while OCT shows the ruptured �brous cap of plaques with slight cavitation (cavity depth 0.3
mm)(2b, arrow).
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Figure 3

CCTA shows a high-density intra-plaque shadow in the left anterior descending artery that is di�cult to
distinguish from dye penetration (2a, asterisk) The CT value on the plain scan is 114 HU (2b, asterisk),
indicating calci�cation, and OCT shows plaques with a complete �brous cap (2c, arrow).
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Figure 4

CCTA shows mixed plaques in left anterior descending artery, without signi�cant dye penetration or ulcer
(2a, asterisk), while OCT shows the ruptured �brous cap of plaques with cavitation (2b, asterisk).


