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Abstract
Background: There is some disagreement on grading of coronary artery stenosis (CAS) between CT coronary angiography
(CTA) and Invasive Coronary Angiography (ICA). However, there is paucity of data about the factors causing inaccuracy
of CTA in grading of CAS. The aim of this study is to identify coronary arterial segment characteristics associated with
inaccurate stenosis grading by CTA as defined by Invasive Coronary Angiography (ICA) in an Egyptian population.
Methods: The study was a retrospective single center clinical investigation including 84 patients who were referred for CTA
and ICA for various appropriate reasons. We have analyzed the concordance of the stenosis grades on ICA and CTA and
their correlation. The difference of grades (DG) between ICA and CTA has been compared across the following variables:
involved coronary artery ( left main (LM), left anterior descending (LAD), left circumflex (CX) and right coronary artery
(RCA)), anatomical stenosis level (proximal, mid and distal), plaque type (Non-calcified, calcified and mixed) and the ICA
stenosis grades (1, 2, 3, 4 and 5).
Results: The linear weighted kappa was к = 0.65 (Confidence Interval: 0.59-0.71) and Spearman’s rs = 0.80 (p < 0.001; Confidence Interval: 0.75-0.85). No association was noted between difference of grades (DG) and involved coronary artery (p
= 0.092). A significant association was found between the DG and the affected anatomical segment (p = 0.005) with a significant difference between stenosis of the distal segments versus proximal and middle segments. There was a significant association between DG and plaque type (p = 0.021) with a significant difference between calcified and non-calcified plaques.
A significant association between DG and stenosis grade (p < 0.001) was noted but it was considered as clinically irrelevant.
Conclusion: Distal segments stenosis and calcified plaques are associated with higher risk of CTA stenosis grade overestimation.

Keywords: Computed Tomography Coronary Angiography; Coronary Artery Stenosis; Invasive Coronary Angiography.
Abbreviations: CAS: Coronary Artery Stenosis; CTA: CT Coronary Angiography; ICA: Invasive Coronary Angiogra-

phy; DG: Difference of Grades; LM: Left Main; LAD: Left Anterior Descending; CX: Circumflex; RCA: Right Coronary
Artery; CAD: Coronary Artery Disease; NPV: Negative Predictive Value; ECG: Electrocardiographic; MPR: Multiplanar
Reformations; cMMR: Curved Multiplanar Reformations; MIP: Maximum Intensity Projections; UE: Underestimation;
OE: Overestimation; FP: False Positive; FN: False Negative; OR: Odd Ratios; PPV: Positive Predictive Value; SCCT: Society
of Cardiovascular Computed Tomography.

Introduction
Coronary artery disease (CAD) is one of the major causes of
mortality and morbidity in the 21st century [1-3]. Reliable and
accurate diagnosis of CAD is a crucial part in management and
prevention of major cardiac events. While invasive coronary

angiography (ICA) is still the "gold standard" imaging test for the
anatomical assessment of CAD, Coronary CT angiography (CTA)
has increasingly become a reliable noninvasive alternative and
has proven clinically useful for excluding obstructive CAD due
to its high sensitivity and negative predictive value (NPV) [4-8].
In comparison to conventional functional testing, CTA has been
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shown to have a higher diagnostic accuracy and results in better
cardiovascular outcomes [9]. While disagreement on grading of
individual coronary arterial stenosis (CAS) severity is common
between CTA and ICA [10], there is paucity of data on factors
associated with CTA inaccuracy [11]. The aim of this study is to
identify coronary arterial segment characteristics associated with
inaccurate CTA stenosis grading as defined by ICA in an Egyptian
population.

Material and Methods
This study was a single centre retrospective and the protocol was
approved by institutional review board, with written informed
consent from all patients. From mid- March 2016 until February
2017 we included 84 patients who were referred to our hospital
for CTA and ICA for various appropriate reasons. Inclusion
criteria were negative or equivocal stress tests, intermediate
pretest probability for CAD (9-15 points) according to the
scoring method of Morise et al., [12]. Exclusion criteria were
renal insufficiency, known allergy to iodinated contrast material,
unstable clinical condition. CTA scans with technical errors or
artifacts were excluded from the study. All ICA were performed
within a maximum delay of 14 days after CTA.
CTA Procedure
All patients were examined using a 128 multi-detector CT system
(Somatom Definition Flash, Siemens Healthcare, Forchheim,
Germany). Image acquisition techniques included either
traditional retrospective electrocardiographic (ECG)-gating with
default use of ECG-dependent tube current modulation or
prospectively ECG-triggered high- pitch spiral acquisitions. Tube
potential was either 100 or 125 kV according to body mass index
(125 kV if body mass index > 25 kg/m2, and100 kV if body mass
index < 25 kg/m2).
In the absence of contraindications, patients received 0.5 mg of
sublingual nitroglycerin (Nitroquick; Ethex KV Pharmaceuticals,
Bridgeton, Mo) immediately before the study for coronary
vasodilatation.
In patients undergoing prospectively ECG-triggered highpitch spiral acquisitions, beta-blockers (5-20 mg intravenous
metoprolol tartrate [Lopressor, Novartis, East Hanover, NJ]) were
administered intravenously for heart rates higher than 65 beats per
minute. Contrast timing was tested by an initial bolus-timing scan
using 15 cc of iodinated contrast material iohexol [Omnipaque;
GE Healthcare, Chalfont St Giles, England], 350 mg of iodine
per milliliter, followed by a 30 cc saline chaser. The scan time was
adjusted by adding 3 seconds after the peak of time-enhancement
curve of the ascending aorta to ensure maximum opacification of
the coronary arteries. The contrast-enhanced scan was obtained
using a volume of 60 to 100 cc of contrast individually adapted
to the selected table feed and scan range followed by a 50 cc
saline chaser. Both contrast and saline were injected at a rate of
6 mL/sec by using a dual-syringe injector (Stellant D; Medrad,
Indianola, Pa).
CTA Interpretation
Images of the non-contrast-enhanced scan and enhanced CTA data
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sets were transferred to an image processing workstation (Syngo
MMWP VE 36A, Siemens) to be analyzed for coronary calcium
scoring and angiography. The images were jointly interpreted by
two experienced readers (cardiologist and radiologist) Level III
with board certification. If severe calcification or imaging artifacts
made a valid assessment impossible, the examination was excluded
from the study. Images were reconstructed in mid-diastole with
individually optimized the reconstruction window level and
width. Additional image reconstructions were performed in endsystole if required. The coronary artery tree was evaluated on a
segmental basis in accordance with the guidelines of the society
of cardiovascular computed tomography 18-segment model
[13], by inspection of the axial images, multiplanar reformations
(MPR), curved multiplanar reformations (cMMR) along the vessel
centerline, 3 perpendicular sets of thin-slab maximum intensity
projections (MIP) orientated along the heart axis. Grading of
CAS was based mainly on visual estimation. Each segment was
interpreted visually and the severity of lumen narrowing was
scored, then rated semi-quantitatively into 5 groups: normal
(Absence of plaque/no luminal stenosis) Minimal (Plaque with
< 25% stenosis), Mild (25% - 49% stenosis), Moderate (50 - 69%
stenosis), Severe (70% - 99% stenosis) and occluded [13].
ICA
ICA was performed by interventional cardiologist in the cardiac
cath lab using the Judkins approach via the femoral artery
acquiring standardized projections [14]. Coronary stenosis were
analyzed using a well validated commercially available software
package (Xcelera , Phillips Xper FD, Phillips Medical Systems
Nederland B.V The Netherlands). ICA images where analyzed
using a dedicated software ( Xcelera Cardiology information
management system). Visual estimation was applied and the
qualitative analysis was based on the angiographic projection
showing the most severe narrowing. A coronary stenosis was
defined as significant based on visual inspection when the degree
of stenosis was more than 50%. Analysis of coronary artery
lesions was performed by interventional cardiologist who was
unaware of CT results, except for the information that would
have an immediate effect on the interventional procedure (e.g.
presence of coronary artery anomalies). Each coronary artery
was visualized by multiple projections and assessed for diameter
reduction.
Statistical Analysis
A statistical analysis was performed by using the NCSS statistical
software (Version 11). P < 0.05 was considered as statistically
significant.
If the individual CAS had the same grade on ICA and CTA,
the result was classified as concordant. The concordance of
ICA and CTA for grading of CAS was evaluated using linear
weighted kappa (к) statistics and their correlation assessed by
the Spearman’s rank correlations coefficient rs. The difference of
grades (DG) between ICA and CTA (DG=ICA grade-CTA grade
for the same segment) has been compared across the following
variables: involved coronary artery (LM, LAD, LCx and RCA),
anatomical stenosis level (proximal, mid and distal), plaque type
(Non-calcified, calcified and mixed) and the ICA stenosis grade
(1, 2, 3, 4 and 5) using Kruskal-Wallis H test with correction for
tied ranks; post-hoc analysis has been performed with Dunn’s
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test. While we used Kruskal-Wallis H test to compare mean ranks,
the mean DG is also presented herein for each factor level for
illustrative purpose.

Results
Baseline Demographics
Baseline patients characteristics are shown in Table 1. The median
age was 60 years (IQR, 52-66 years). The patients were 51 men, 33
women, 52 had hypertension (62%), 47 diabetes mellitus (56%),
58 hyperlipidemia (69%) and 30 are smokers (36%).
Sites and characteristics of the stenotic segments
Table 2 presents the CTA findings of the whole 246 stenotic
segments regarding the involved coronary artery, the anatomical
stenotic segment and the plaque type. Numbers of CAS segments
in left main (LM), left anterior descending (LAD), left circumflex
(CX) and right coronary artery (RCA) were respectively 16 (6.5%),
96 (39%), 54 (22%) and 80 (32.5%).
Levels of CAS were: 131 proximal (53.3%), 80 mid (32.5%) and
35 distal segments (14.2%). The most frequent type of plaque

was mixed 152 (61.8%), followed by non- calcified 70 (28.4%) and
calcified (9.8%).
Concordance of ICA and CTA stenosis grades
A comparison between numbers of affected segments for each
stenosis grades between CTA and ICA is presented in Table 3.
The gross tabulation of the number of the affected segments for
each stenotic grade by ICA and CTA is presented in Table 4 for
the total 246 stenotic segments.
The concordance of CTA and ICA in CAS grading was fair with
a linear weighted kappa к = 0.65 (Confidence Interval: 0.59-0.71).
A significant positive correlation was observed between CTA and
ICA CAS grades: Spearman’s rs = 0.80 (p<0.001; Confidence
Interval: 0.75-0.85).
Concordance of grades was noted in 147 segments (59.8 %); CTA
underestimation was noted more frequently than overestimation,
respectively 68 (27.6%) and 31 segments (12.6%). In 231 segments
(94%) the DG was within the range [-1 +1], and in no case the
DG was superior to 2.
False positive and false negative results by CTA, in comparison

Table 1. General characteristics of the patients.
Median Age [First Quartile; Third Quartile]
Male
Hypertension
Diabetes mellitus
Hyperlipidemia
Smoking

60 [52; 66]
51 (60.7%)
52 (61.9%)
47 (55.9%)
58 (69.0%)
30 (35.7%)

Table 2. Characteristics of the stenotic segments by CTA.

The affected coronary artery

Segment of stenosis

Plaque Type
Total Number of stenotic lesions

LM
LAD
CX
RCA
Proximal
Mid
Distal
Non-calcified
Calcified
Mixed
246

16 (6.5%)
96 (39%)
54 (22%)
80 (32.5%)
131 (53.3%)
80 (32.5%)
35 (14.2%)
70 (28.4%)
24 (9.8%)
152 (61.8%)

Table 3. Numbers of segments for each stenosis grades as detected by ICA and CTA.
Grades of stenosis
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Invasive Coronary Angiography
34 (13.8%)
61 (24.8%)
53 (21.6%)
80 (32.5%)
18 (7.3%)

Coronary CT Angiography
34 (13.8%)
78 (31.7%)
59 (24.0%)
59 (24.0%)
16 (6.5%)
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with ICA (significant lesion defined by grade ≥ 3), were noted in,
respectively, 7 (2.8%) and 24 segments (9.8%).
Association between the DG and involved coronary artery
Table 5 shows that there is no association between DG and
involved coronary artery (H = 6.44, df = 3, p = 0.092). Percentages
ranging among the four arteries (LM, LAD, LCX and RCA) for
overestimation, underestimation, false positive and false negative
were respectively [7.4%-25%], [6.3%-30.2%], [1.9%-6.3%] and
[0%-11.1%].

false positive and false negative were 7.1%, 34.3%, 4.3% and
8.6% respectively in the non- calcified plaques group, and 33.3%,
29.2%, 4.2% and 12.5% in the calcified plaques group.
Association between the DG and ICA CAS grade
Table 8 shows that there was a significant association between DG
and stenosis grade (H=36.96, df=4, p<0.001). Post-hoc Dunn’s
analysis revealed significant differences only in pairs involving at
least one of extreme grades 1 and 5; no significant difference was
noted between the intermediate grades 3, 4 and 5.

Association between the DG and the level of CAS

Discussion

A significant association was found between the DG and the
affected anatomical segment (H = 10.65, df = 2, p = 0.005). Posthoc analysis revealed significant difference between stenoses of
the distal segments versus proximal and middle segments (Table
6). The percentages of overestimation, underestimation, false
positive and false negative were 9%, 29.4%, 1.9% and 10.9%
respectively in the proximal/mid group, and 34.3%, 17.1%,9.7%
and 2.9% in the distal group.

Although the diagnostic capability of CTA for determining the
degree of CAS has been largely established by several prospective
trials [15], few data are available on predicting factors of CTA
inaccuracy [11]. Our aim was to identify the angiographic
characteristics of the stenotic segments that are predictive of
CTA grading differences with ICA, in an Egyptian population.
Considering the high predictive value of negative CTA to exclude
coronary artery obstruction and the difficulties to characterize
all negative segments, we included in this study only the positive
results of CTA. While we considered ICA grading of CAS as
reference, it is worthy to note that ICA is inherently limited by
the number of projections and foreshortening of vessels with
imperfections in displaying coronary anatomy accurately especially
for noncircular lesions geometries [10].

Association between the DG and plaque type
There was a significant association between DG and plaque
type (H = 7.68, df = 2, p = 0.021). Post-hoc analysis showed
significant difference between calcified and non-calcified plaques
(Table 7). The percentages of overestimation, underestimation,

Table 4. Cross tabulation of the number of affected segments for each stenotic grade by ICA (Rows) and CTA (Columns).

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Grade 1 Grade 2 Grade 3
23
10
1
10
45
5
1
16
28
0
7
23
0
0
2
34
78
59

Grade 4
0
1
5
44
9
59

Grade 5
0
0
3
6
7
16

34
61
53
80
18
246

Table 5. Association between grading differences of stenosis and involved main coronary arteries.
Number Mean DG
LM
LAD
CX
RCA

16
96
54
80

-0.25
0.24
0.28
0.10

Mean DG
Dunn’s post-hoc
Rank
Significant Differences
88.8
127.8
131.2
120.1
-

Over
estimation
4 (25%)
11 (11.5%)
4 (7.4%)
12 (15%)

Under estimation
1(6.3%)
29(30.2%)
16(29.6%)
22(27.5%)

FALSE
FALSE
Positive Negative
1(6.3%)
0 (0%)
2(2.1%) 10 (10.4%)
1(1.9%) 6 (11.1%)
3(3.75%) 8 (10%)

Table 6. Association between grading differences of stenosis and the affected stenotic segment.
Number Mean DG
Proximal
Mid
Distal

131
80
35

0.24
0.25
-0.25

Mean DG
Rank
128.3
129.7
91.6

Dunn’s post-hoc Significant Differences
Distal
Distal
Proximal, Mid

Over
estimation
12(9.2%)
7(8.8%)
12(34.3%)

Under
estimation
38 (29.0%)
24 (30.0%)
6 (17.1%)

FALSE
Positive
4 (3.1%)
0 (0%)
3 (9.7%)

FALSE
Negative
15 (11.6%)
8 (10%)
1 (2.9%)
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Table 7. Association between grading differences of stenosis and plaque type.

Number Mean DG
Non-calcified
Calcified
Mixed

70
24
152

0.3
-0.08
0.15

Mean
DG
Rank
134.9
107.0
120.9

Dunn’s post-hoc
Significant Differences
Calcified
Noncalcified
-

Over
estimation

Under
estimation

FALSE
Positive

FALSE
Negative

5 (7.1%)
8 (33.3%)
18 (11.8%)

24 (34.3%)
7 (29.2%)
37 (24.3%)

3 (4.3%)
1 (4.2%)
3 (19.7%)

6 (8.6%)
3 (12.5%)
15 (9.9%)

Table 8. Association between grading differences of stenosis and grade of stenosis.

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Number

Mean
DG

34
61
53
80
18

-0.35
0.05
0.13
0.39
0.72

Dunn’s post-hoc
Mean DG
Over
Significant DifferRank
estimation
ences
76.6
3, 4, 5
11(32.4%)
113.1
5
6(9.8%)
124.6
1
8(15.1%)
139.9
1
6(7.5%)
171.4
1, 2
0(0%)

We have studied the association of the variable DG with four
characteristics of the stenotic segment, i.e. the involved coronary
artery (LM, LAD, CX and RCA), the anatomical stenosis level
(Proximal, Mid and Distal), the plaque characteristics (Noncalcified, Calcified and Mixed) and the ICA stenosis grade (Grades
1,2,3,4 and 5). In our site reading departments, grading was based
on visual estimation which is the most commonly performed
coronary lumen assessment in clinical practice, both for coronary
CTA as well as for ICA because of its easiness and speed [10].
Global results of the current study showed fair kappa concordance
and a good significant positive correlation between CTA and ICA
in CAS scores.
In this study, underestimation (UE) was more frequent than the
overestimation (OE ) and false positive (FP) was more frequent
than false negative (FN). This seems to be in opposition to the
results of most of previous studies [16-19]. Nevertheless some
series reported either that CTA did not overestimate stenosis
for the CorE-64 study [20] or even CTA more frequently
underestimate stenosis [21]. In the series of Hong [21], who
has evaluated the ability of CTA (on a per-patient basis) to
aid in the therapeutic decision making process in symptomatic
patients, revascularization was performed in 285 (29%) of the
969 patients not indicated for revascularization by CTA, among
them 80 because of stenosis underestimation (8.3%). Of the 877
patients indicated for revascularization by CTA (> 70% luminal
narrowing of at least one segment), 277 patients (32%) did not
undergo revascularization among them 44 because of stenosis
overestimation (5%). Observations from this study demonstrate
that DG was not associated with the involved coronary artery.
In the series of Yan the segment location per major vessel
categories was not independently associated with segment-level
CTA inaccuracies; taking the LM as reference, the odd ratios (OR)
for LCX, RCA and LAD were all inferior to 1 for FN diagnosis
and superior to 1 for FP without reaching the level of significant
difference. The present findings indicate that distal stenoses
confer an increased risk for CTA overestimation in comparison

Under
estimation

FALSE
Positive

FALSE
Negative

10(16.4%)
17(32.1%)
30(37.5%)
11(61.1%)

1(2.9%)
6(9.8%)
-

17(32.1%)
7(8.8%)
0(0%)

to proximal and mid level stenoses with more OE and FP and
less UE and FN. This result is concordant with the results of
Hong [21] who reported that disagreement between CTA and
ICA is accentuated when examining small-sized vessels (i.e., sidebranch/distal segments of coronary arteries), manifesting as
lower positive predictive value (PPV) with minimal effect on the
NPV. Indeed, when CTA angiography indicates revascularization,
disagreement was noted in 54%, 53% and 72% for, respectively,
proximal, mid and distal segments. When CCTA indicates no
need for revascularization, disagreements were seen in only 4%,
9% and 2%. Similar results have been reported by Cademartiri
[22], but the difference between proximal and distal segments was
strongly dependant on the level of intra-coronary enhancement.
For low enhancement (defined as vascular attenuation less than
the median attenuation of 326 HU), the PPV was 77% for
proximal segments and 55% for distal segments while the PPVs
were closer for high enhancement (89% and 85% respectively). At
the difference of these results, in the series of Yan [11], smaller
luminal caliber conferred increased odds for both CTA false
positive (OR: 0.49/mm increment) and false negative (OR: 0.40/
mm increment).
Interpretation of CTA in the presence of coronary artery
calcification is hampered by blooming and beam hardening
artifacts, which make it difficult to accurately assess the degree
of luminal narrowing by coronary CTA [19, 23]. Approximately
50-70% of all coronary artery plaques are calcified in patients
with asymptomatic or suspected CAD [23]. Comparison between
series is complicated by differences in the definition of plaque
groups and several series reported same or better performance
in patients with high calcium scores compared to patients with
less calcification while others found poorer performance in the
former [24]. Some series define the groups based on the Agatston
calcium score [24], while others use a per-segment based analysis:
partition according to the percentage of the stenotic segment
diameter occupied by the calcification [23] or cross-sectional arc
[19], dichotomous partition calcified/non-calcified [11]. Another
difficulty arises from the fact that the PPV and NPV are influenced
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by the prevalence of disease which itself depends on the degree
of plaque calcification [19, 25].
In the current study, we followed the society of cardiovascular
computed tomography (SCCT) guideline recommending that
plaque type should be described as calciﬁed, non-calciﬁed, or
mixed [13]. We found a significant difference only between
the calcified and non-calcified plaques groups. While calcified
plaques presented comparable risks for both OE (33.3%) and
UE (29.2%), the non-calcified plaques presented mainly a risk
for UE (34.3%) and less risk for OE (7.1%). The DG between
these two groups was related essentially to a more than fourfold
higher risk of OE in the calcified plaques group (33.3% vs 7.1%).
In the series of Vavere (non-calcified, mild/moderate/severe
according to the diameter occupied by the plaque), OE and UE
were, respectively, 1% and 3% in absence of calcification, 5% and
6% for mild calcification, 12% and 8% for moderate calcification,
and 17% and 8% for severe calcification [19]; if we consider that
the last group is comparable to the "calcified plaque group" in
our series, these results corroborate ours in the sense that OE
and UE both occur for the severe calcification/calcified plaque.
Palumbo [26] reported that a high calcium score leads to a mild
reduction in sensitivity and a more obvious decrease in specificity
on a per-segment basis and we fully share his conclusion: "this
finding has not been extensively investigated and confirmed with
64-slice CTA". However, in the series of Zhang [23], for severe
calcification, only OE has been seen in the severely calcified
plaque. OE and UE were, respectively, 3% and 2% for small
plaque, 9% and 0% for moderate plaque, and 33% and 0% for
large plaque. Similarly, in the study of Yan [11] the presence of
calcification independently increased the odds for FP diagnosis
(OR: 10.16) and conferred reduced odds for FN diagnosis (OR:
0.50); on the contrary, obstructive disease in a segment without
calcification is more likely to be missed (OR: 2.01). While we have
found a significant association between DG and ICA grade, we
are not considering this result as clinically relevant. Indeed, posthoc analysis revealed differences only in pairs involving at least
one of the extreme grades 1 and 5 and no significant difference
was noted between the intermediate grades 3, 4 and 5. This is
likely related to the unidirectional nature of CTA discordances
with ICA grades 1 and 5: only OE are possible for CTA grade
1 and only UE are possible for CTA grade 5. This conclusion is
corroborated by the results of Raff [17] who noted the absence
of signiﬁcant correlation between the difference in the percentage
of stenosis and the stenosis severity.
To the best our knowledge, this is the first study focusing
specifically on the identification of predictive factors for DG in an
Egyptian population, while previous studies dealt with predictors
for inaccuracy of CTA [11, 27, 28]; this has the potential benefit
of reduction of the bias related to variations in CAD prevalence.
Another important strength of our study resides in its reliance
on visual estimation which is the common quantification of CAS
method in the "real world" of imaging practice of radiologists
and cardiologists in site readings [10, 23].

Study Limitations
Our study had several limitations. First this is a single tertiary
cardiac center retrospective study. Second, the study didn’t look
at patient characteristics and other angiographic findings, like
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vein crossing, motion artifact or segment tortuosity that might
interfere with image quality and therefore may make CTA grading
inaccurate. Third, the sample size of the study group was relatively
small with possibly limited statistical power. A larger sample size
study could especially reveal some important characteristics of
the mixed plaque group which the not only the most prevalent
group is but also the most associated one with greater levels of
stenosis severity [25].

Conclusions
This study has identified that in an Egyptian population the
anatomical segment of stenosis and the plaque type are the main
imaging predictors for differences of grading between CTA and
ICA. Distal segments stenosis and calcified plaques are associated
with higher risk of stenosis overestimation on CTA. These
differences should be taken in account when interpreting the
results of CTA in patients suspected of CAD.
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