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Abstract
Background: Coronary computed tomography angiography (CCTA) allows for noninvasive coronary artery disease
(CAD) phenotyping. Factors related to CAD progression are epidemiologically valuable.
Objective: To identify factors associated with CAD progression in patients undergoing sequential CCTA testing.
Methods: We retrospectively analyzed 384 consecutive patients who had at least two CCTA studies between December
2005 and March 2013. Due to limitations in the quantification of CAD progression, we excluded patients who had
undergone surgical revascularization previously or percutaneous coronary intervention (PCI) between studies. CAD
progression was defined as any increase in the adapted segment stenosis score (calculated using the number of diseased
segments and stenosis severity) in all coronary segments without stent (in-stent restenosis was excluded from the
analysis). Stepwise logistic regression was used to assess variables associated with CAD progression.
Results: From a final population of 234 patients, a total of 117 (50%) had CAD progression. In a model accounting
for major CAD risk factors and other baseline characteristics, only age (odds ratio [OR] 1.04, 95% confidence interval
[95%CI] 1.01–1.07), interstudy interval (OR 1.03, 95%CI 1.01–1.04), and past PCI (OR 3.66, 95%CI 1.77–7.55) showed
an independent relationship with CAD progression.
Conclusions: A history of PCI with stent placement was independently associated with a 3.7-fold increase in the odds
of CAD progression, excluding in-stent restenosis. Age and interstudy interval were also independent predictors of
progression. (Arq Bras Cardiol. 2017; 108(5):396-404)
Keywords: Coronary Artery Disease/physiopathology; Coronary Amgiography; Tomography, X-Ray Computed; Percutaneous
Coronary Intervention.

Introduction
Coronary artery disease (CAD) is the worldwide
leading cause of death.1 Clinical and revascularization
approaches have been shown to decrease the morbidity
and mortality from chronic CAD. Despite treatment,
the clinical course of chronic CAD usually consists of
progression of atherosclerosis punctuated by flares of
unpredictable clinical events.2,3 In a meta-analysis, Cannon
et al. have shown that patients with previous documented
CAD on secondary prophylaxis with high-dose statins in
addition to contemporary clinical management still have
a 7% incidence of composite events and 2% mortality
per year.4 Although CAD is a progressive inflammatory and
degenerative disorder, 5,6 some studies have demonstrated
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the feasibility of interruption or even regression of
atherosclerosis progression, as measured by invasive
techniques such as intravascular ultrasound7,8 and optical
coherence tomography.9 Previous studies have identified
markers of anatomical atherosclerosis progression, but
these studies were restricted to patients submitted to
percutaneous coronary intervention (PCI) undergoing
repeat invasive coronary angiography (ICA), as part of the
study protocol.10-12
Coronary computed tomography angiography (CCTA)
is able of noninvasively phenotyping CAD in a broader
range of clinical scenarios and provides good diagnostic
performance for obstructive CAD detection, as well as
strong prognostic information.13-15 A recent meta‑analysis
has shown a high correlation between CCTA and
measures of plaque burden and stenosis severity derived
by intracoronary ultrasound.16 Able of depicting disease
even with minimal luminal narrowing, CCTA offers an
opportunity to track incipient CAD and obstructive
coronary stenosis.
In the present study, we sought to identify the variables
associated with CAD progression on sequential CCTA testing
in patients with and without previous PCI.
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Methods
Subjects
Of 5055 clinically indicated CCTAs performed in 4607
patients in our institution between December 2005 and
March 2013, we identified 382 individuals who underwent
sequential testing at least 90 days apart. A total of
72 patients who had undergone surgical revascularization
were excluded, since CAD progression in these cases may
have been associated with diversion of the flow from the
bypasses and not necessarily with the usual pathophysiology
of atherosclerosis. 17 Additionally, 76 patients who had
undergone PCI between CCTA studies were also excluded,
since the quantification of the progression of native vessel
disease would be biased by the artificial improvement of the
treated segment. The remaining 234 patients comprised the
study sample. Before each test, information on medication
use, CAD risk factors, and previous coronary events and
stress testing results were obtained during an interview with
a physician. Baseline characteristics were established for each
subject at the time of the first CCTA exam.
Each patient gave a written informed consent for
inclusion of their information into our database, including
clinical data and test results that were personally recorded
by the physician responsible for the pretest interview and by
another one in charge of the study reporting, respectively.
For this study, as in every other involving this data source,
access to the database by research personnel could only be
made by a query, which returns a renumbered spreadsheet
filled with the requested data, excluding identifying
information such as patient’s name and record number.
Since no personal information was disclosed, institutional
review board approval was not requested for this study.
None of the authors of this paper was responsible for
treating the patients included in this analysis or in the
database in general.

CCTA imaging technique
CCTA studies were performed on a 256-slice scanner
(Brilliance iCT, Philips Healthcare, Cleveland, Ohio) or
one of two 64-slice computed tomography scanners
(Brilliance 64, Philips Healthcare, Cleveland, Ohio,
USA and Somatom Sensation 64, Siemens Healthcare,
Erlangen, Germany) during contrast injection, using a bolus
tracking technique aiming at acquiring images at peak
coronary opacification. Prospective electrocardiogram
(ECG) triggering was strongly encouraged in examinations
performed on scanners with this feature. When unavailable
or not recommended (i.e., irregular heart rate [HR]),
retrospective ECG gating was used instead.
All patients with a baseline HR above 60 bpm were given oral
(100 mg) and/or intravenous (5-20 mg) metoprolol to achieve
a prescanning HR of 60 bpm or less. Sublingual isosorbide
dinitrate 0.4 mg was administered 3-5 minutes prior to the
contrast image acquisition, unless contraindicated.
CCTA analysis
All exams were blindly reviewed by a single cardiac imaging
expert (I.G.). The coronary artery tree was divided into
15 segments,18 and coronary atherosclerosis was defined as
at least 1 mm2 of tissue structure that could be individualized
within or adjacent to the lumen and differentiated from
pericardial and epicardial tissue, as previously described.18
The extent and severity of the CAD were assessed using an
adapted version of the segment stenosis score (SSS), which
has been previously described and validated as a strong
prognostic marker.15 Briefly, each of the 15 coronary segments
was assigned a score from 0 to 4 based on the presence
of atherosclerosis and degree of luminal narrowing: 0 (no
atherosclerosis), 1 (1-29%), 2 (30-49%), 3 (50-69%), and
4 (70-100%). Scored segments were then added together
to provide a final score ranging from 0 to 60. A progressing
lesion, as seen on CCTA, is shown in Figure 1.

Figure 1 – Coronary artery disease (CAD) progression on coronary computed tomography angiography (CCTA) in a 58-year-old male presenting a very mild CAD in
the proximal left anterior descending coronary artery at baseline (A). Evident disease progression is seen at 13 months at the same site, with moderate luminal stenosis
(B) best appreciated in the vessel’s transverse plane (arrowhead).
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CAD progression definition and treatment of stented
segments
The SSS from the first and second CCTA studies were
calculated, and disease progression was defined as
any increase in SSS from baseline to follow-up CCTA.
Conversely, regression was defined as any decrease
in SSS from baseline to follow-up. Stented segments
were excluded from disease progression or regression
calculations. For multivariable adjustments of CAD severity
at baseline, each stented segment was graded as a 70-100%
stenosis aiming to overestimate baseline CAD severity in
patients with stents. This baseline overestimation in stented
patients was done in order to increase their disease severity
and, since baseline SSS was included in the multivariable
model, minimize the impact of the stent acting as a marker
of more "aggressive" CAD presentation.
Statistical analysis
Continuous variables are presented as mean ± standard
deviation (SD) or median (interquartile range [IQR]), as
appropriate. Categorical variables are presented as frequencies
and percentages. Intergroup comparisons were analyzed
using unpaired Student’s t test or Mann-Whitney U test for
continuous variables, as appropriate, and chi-square test for
categorical variables. Univariable and stepwise backward
multivariable logistic regression were used to assess individual
predictors of CAD progression. A secondary multivariable
analysis was performed in patients with evidence of
atherosclerosis at baseline to identify independent predictors

of CAD regression. Statistical significance was defined as a
two-tailed p value below 0.05. All analyses were performed
using SPSS 19.0 (SPSS Inc., Chicago, Illinois, USA).

Results
The study included 234 patients with a mean age of
60 ± 11 years, 79% of whom were males. The flowchart
in Figure 2 shows the selection of the population. A total of
8% of the patients had a history of myocardial infarction,
and 11% of them had a recent (less than 30 days before
the index study) positive stress test result. A previous PCI
had been conducted in 50 (21%) subjects, who had a
total of 83 stented segments (mean of 1.7 per subject).
Other baseline characteristics are summarized in Table 1.
During CCTA acquisition, the subjects’ mean HR was
54 ± 7 bpm. The median radiation exposure was 4.7 mSv
(4–6.4 mSv), and prospective ECG triggering was used in
79% of all studies. Of all exams, 35 (0.01%) segments were
deemed unevaluable and were excluded from the analysis
in both studies.
At baseline CCTA, 41 (17%) patients had no evidence of
coronary atherosclerosis, while the CAD severity was deemed
very mild (1–29%) in 60 (26%), mild (30–49%) in 65 (28%),
moderate (50–69%) in 37 (16%), and severe (≥ 70%) in
31 (13%). The baseline SSS was 0 in 41 (17%) subjects,
between 1 and 5 in 76 (32%) subjects, between 6 and 10 in
55 (24%) subjects, between 11 and 15 in 25 (11%) subjects,
and 16 or above in 37 (16%) subjects.

4607 patients with previous CCTA

4223 patients had a single exam

384 with at least 2 exams

150 were excluded:
2 had studies less than 90 days apart
72 had previous surgical revascularization
76 had a PCI between studies

234 eligible patients

Figure 2 – Flowchart of patient selection. The final study population comprised individuals with sequential coronary computed tomography angiography (CCTA) testing
conducted at least 90 days apart and free of percutaneous coronary intervention (PCI) between studies or previous surgical coronary revascularization.
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Table 1 – Patients’ baseline characteristics
Patients, n
Age (years), mean ± SD
Male sex, n (%)
BMI (kg/m ), mean ± SD
2

Exam interval (months), median (IQR)
Baseline SSS, median (IQR)

234
59.8 ± 10.7
186 (79)
27.7 ± 3.9

On secondary analysis considering only subjects with
evidence of CAD at the baseline CCTA (n = 193), disease
regression was independently related only with a history of
PCI with stent (OR 0.28, 95% confidence interval [95%CI]
0.10–0.77, p = 0.01), baseline SSS (OR 1.10, 95%CI 1.04–1.16,
p = 0.01), and interstudy interval (OR 0.98, 95%CI 0.96–0.99,
p = 0.02) on multivariable logistic regression.

32.4 (19.2 – 49.7)
6 (2 – 11)

Clinical risk factors
Hypertension, n (%)

117 (50)

Diabetes, n (%)

30 (13)

Dyslipidemia, n (%)

125 (53)

Family history CAD, n (%)

99 (42)

Glucose intolerance, n (%)

10 (4)

Current smoker, n (%)

25 (11)

Past smoker, n (%)

55 (24)

Positive stress test, n (%)

26 (11)

Previous MI, n (%)

18 (8)

Previous PCI, n (%)

50 (21)

Medication use
Beta-blockers, n (%)

35 (15)

ACEI/ARB, n (%)

45 (19)

Antiplatelet, n (%)

46 (20)

Statin, n (%)

59 (25)

SD: standard deviation; BMI: body mass index; SSS: segment stenosis score;
IQR: interquartile range; CAD: coronary artery disease; MI: myocardial infarction;
PCI: percutaneous coronary intervention; ACEI: angiotensin-converting enzyme
inhibitor; ARB: angiotensin receptor blocker.

The follow-up study was conducted at a median of
32 months (19–50 months) when 117 (50%) patients
presented CAD progression.
Univariable logistic regression including all baseline
characteristics revealed that age, interstudy interval, baseline
SSS, and previous PCI were predictors of CAD progression.
Table 2 lists the patients’ characteristics according to
CAD progression status. After multivariable adjustment,
age, interstudy interval, and previous PCI emerged as
independent predictors of progression. An independent
3.7-fold increased odds of progression was associated with
a history of coronary stenting, as shown in Table 3.
Overall, 70% of the patients with previous PCI presented
CAD progression, compared with 47% of those with
baseline CAD but no stents (p = 0.003) and 38% without
any CAD at baseline (p = 0.002). This higher rate of
progression among PCI patients remained across a wide
range of SSS increases, as shown in Figure 3. Differences in
baseline characteristics among patients with and without
stents are shown in Table 4.

Discussion
In spite of medical and invasive treatments, CAD remains a
progressive disease. Several studies reveal a high incidence of
events among patients submitted to guideline-based optimal
therapies, underlying the limitations of currently available
therapeutic approaches.19-21 Angiographic CAD progression
may identify subjects at a higher risk for cardiovascular
events since plaque growth entails inflammatory activity and
increased risk of rupture.22 The identification of predictors of
CAD progression is epidemiologically important and allows a
better understanding of the pathophysiology of CAD.
Our cohort consisted of "real world" patients, with and
without previous evidence of CAD, including those with
a history of PCI. Subjects with intervening PCI procedures
between CCTA studies were excluded in order to avoid
the bias of decreased stenosis due to stent placement.
Similarly, previously implanted stented coronary segments
were excluded from the progression analysis so that restenosis
would not contaminate the results. In this setting, we found
a 50% rate of native vessel (non-stented) CAD progression
over a median follow-up of 32 months, which is in the upper
range of previous studies using ICA.23-29 This may have been
a result of the use of CCTA, which is capable of depicting
three-dimensionally the coronary wall and is, therefore, not
constrained by two-dimensional projections.
In multivariable analysis, age, interval between
studies, and previous PCI were independent predictors
of CAD progression. Specifically, previous PCI with stent
placement, a potentially modifiable patient characteristic,
was associated with a 3.7-fold increased odds of disease
progression. Although this is the first study to our knowledge
to show it using this technology, absolute causality between
stent placement and progression cannot be made due to
the retrospective and observational nature of this study.
One potential bias could be that stents are only but a marker
of faster progressing atherosclerosis biology. We vigorously
tried to minimize this bias by adjusting the results to baseline
CAD and other major risk factors, previous myocardial
infarction and by overestimating the CAD burden for
stented segments at baseline CCTA. Interestingly, a history
of PCI was not only independently related to increased
odds of disease progression, but also a 72% reduction in
the odds of regression.
Most previous research on coronary atherosclerosis
progression has focused on patients undergoing ICA in
preparation for PCI, but they also are subject to bias.10,20,21
Without comparing CAD progression between PCI
and non-PCI patients, potential effects of the invasive
treatment on disease evolution cannot be derived.
Nevertheless, even in this setting, two previous studies of
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Table 2 – Patients’ baseline characteristics according to progression status
All subjects

Patients, n
Age (years), mean ± SD
Male sex, n (%)
BMI (kg/m ), mean ± SD

No Progression

Progression

117

117

p value

58.3 ± 10.7

61.3 ± 10.8

0.03

90 (77)

96 (82)

0.42

27.2 ± 3.9

28.0 ± 4.0

0.11

29.8 (18.8 – 42.8)

34.1 (20.4 – 55.2)

0.05

5 (1 – 9)

8 (2 – 14)

0.01

Hypertension, n (%)

58 (50)

59 (50)

1.00

Diabetes, n (%)

15 (13)

15 (13)

1.00

Dyslipidemia, n (%)

65 (56)

60 (51)

0.60

Family history CAD, n (%)

54 (46)

45 (38)

0.29

2

Exam interval (months), median (IQR)
Baseline SSS, median (IQR)
Clinical risk factors

Glucose intolerance, n (%)

3 (3)

7 (6)

0.33

Current smoker, n (%)

16 (14)

9 (8)

0.20

Past smoker, n (%)

23 (20)

32 (27)

0.22

14 (12)

12 (10)

0.84

History of MI, n (%)

6 (5)

12 (10)

0.22

Previous PCI, n (%)

15 (13)

35 (30)

0.002

Beta-blockers, n (%)

18 (15)

17 (15)

1.00

ACEI/ARB, n (%)

21 (18)

24 (21)

0.74

Antiplatelet, n (%)

18 (15)

28 (24)

0.14

Statin, n (%)

31 (26)

28 (24)

0.76

Positive stress test, n (%)

Medication use

SD: standard deviation; BMI: body mass index; SSS: segment stenosis score; IQR: interquartile range; CAD: coronary artery disease; MI: myocardial infarction;
PCI: percutaneous coronary intervention; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.

subjects undergoing PCI have reported that a history of
PCI before study entry was a significant and independent
predictor of worse outcomes.10,30
Borges et al.26 reported results from a study comparing
subjects undergoing medical treatment alone versus PCI
in regards to native vessel CAD progression using ICA. 26
The authors found that patients with a previous PCI had an
independent 2.1-fold increased odds of CAD progression over
5 years when compared with those without prior PCI.
Limitations
Since this was a retrospective and observational study, we
are unable to establish with certainty a causality between
PCI and CAD progression, although we judiciously tried
to adjust the model for potential confounders. Despite the
biases and given the paucity of research on this subject, this
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study generates questions that should be answered with large
prospective randomized studies.
To determine the occurrence of CAD progression, we used the
results of CCTA, which has lower spatial and temporal resolution
than ICA.31 This fact may result in artifacts that hinder the CAD
quantification. Although some inaccuracies may occur with this
method, mostly related to stenosis overestimation, all patients
were equally subjected to the same errors. Despite this limitation,
the use of CCTA may offer some advantages in eccentric coronary
plaque visualization and mild luminal narrowing.
Due to the limited number of subjects in our study, some
questions remain to be answered by future investigations,
such as the impact of gender and race on CAD progression,
the relevance of the number of stented segments, differences
in progression between bare metal and drug-eluting stents
and, the most important of all, if this observed progression
may translate into future events.
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Table 3 – Predictors of coronary artery disease (CAD) progression
Univariable analysis

Multivariable analysis

Odds Ratio

95%CI

p value

Odds Ratio

95%CI

p value

Age (years)

1.03

1.00 – 1.05

0.03

1.04

1.01 – 1.07

0.01

Male sex

1.37

0.72 – 2.60

0.33

1.92

0.92 – 3.98

0.08

BMI (kg/m )

1.06

0.99 – 1.13

0.12

1.07

0.99 – 1.15

0.08

Study interval (months)

1.01

1.00 – 1.03

0.02

1.03

1.01 – 1.04

< 0.001

Baseline SSS

1.04

1.01 – 1.09

0.02

Hypertension

0.97

0.58 – 1.61

0.90

Diabetes

1.00

0.46 – 2.15

1.00

Dyslipidemia

1.19

0.71 – 1.99

0.51

Family history CAD

1.37

0.82 – 2.31

0.23

Glucose intolerance

0.41

0.10 – 1.64

0.21

Current smoker

1.90

0.80 – 4.49

0.14

Former smoker

0.65

0.35 – 1.20

0.17

Positive stress test

1.19

0.53 – 2.69

0.68

Previous MI

0.47

0.17 – 1.31

0.15

Previous PCI

2.90

1.48 – 5.68

< 0.001

3.66

1.77 – 7.55

< 0.001

Beta-blockers

1.07

0.52 – 2.19

0.85

ACEI/ARB

0.85

0.44 – 1.63

0.62

Antiplatelet

0.58

0.30 – 1.12

0.10

Statin

1.15

0.63 – 2.07

0.65

2

Clinical risk factors

Medication use

95%CI: 95% confidence interval; SD: standard deviation; BMI: body mass index; SSS: segment stenosis score; IQR: interquartile range; CAD: coronary artery
disease; MI: myocardial infarction; PCI: percutaneous coronary intervention; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.

Conclusion
In a "real world" population of patients referred to sequential
CCTA testing, age and history of coronary artery stenting
were independent predictors of native CAD progression,
while the degree of baseline CAD assessed by SSS was not
independently associated with this endpoint.
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100%
90%
No CAD

80%
70% *†

Prevalence of progression

70%

CAD non-PCI
CAD + PCI

60%

52% *†
47%

50%
40%

38%

36% *

33%

30%

25%

8%

10%

≥1

≥2

24% *

19%

18%

20%

0%

28% *

25%

≥3

16%
8%

≥4

≥5

SSS Increase

Figure 3 – Prevalence and severity of segment stenosis score (SSS) increase according to subgroup. *p < 0.05 between coronary artery disease (CAD) + percutaneous
coronary intervention (PCI) and no CAD; †p < 0.05 between CAD + PCI and CAD non-PCI.

Table 4 – Patients’ baseline characteristics according to history of percutaneous coronary intervention (PCI)
non-PCI

PCI

184

50

58.9 ± 11.1

63.4 ± 9.1

0.01

149 (81)

42 (74)

0.35

27.7 ± 3.8

27.4 ± 4.4

0.56

33.4 (22.0 – 53.1)

26.9 (15.0 – 37.2)

< 0.01

4 (1 – 8)

16 (10 – 21)

< 0.001

Hypertension, n (%)

91 (49)

26 (52)

0.87

Diabetes, n (%)

20 (11)

10 (20)

0.10

Dyslipidemia, n (%)

89 (48)

36 (72)

< 0.01

Family history of CAD, n (%)

79 (43)

20 (40)

0.75

6 (3)

4 (8)

0.23

Current smoker, n (%)

22 (12)

3 (6)

0.31

Past smoker, n (%)

39 (21)

16 (32)

0.13

18 (10)

8 (16)

0.21

2 (1)

16 (32)

< 0.001

82 (45)

35 (70)

< 0.001

Beta-blockers, n (%)

21 (11)

14 (28)

0.01

ACEI/ARB, n (%)

31 (17)

14 (28)

0.10

Antiplatelet, n (%)

18 (10)

28 (56)

<0.001

Statin, n (%)

38 (21)

21 (42)

<0.01

Patients, n
Age (years), mean ± SD
Male sex, n (%)
BMI (kg/m2), mean ± SD
Exam interval (months), median (IQR)
Baseline SSS, median (IQR)

p value

Clinical risk factors

Glucose intolerance, n (%)

Positive stress test, n (%)
History of MI, n (%)
CAD progression, n (%)
Medication use

SD: standard deviation; BMI: body mass index; SSS: segment stenosis score; IQR: interquartile range; CAD: coronary artery disease; MI: myocardial infarction;
PCI: percutaneous coronary intervention; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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