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Abstract
Background: Patient prognosis has been shown to directly correlate with the severity of coronary artery disease diagnosed 
by coronary computed tomography angiography (CCTA). Although the presence of coronary artery calcium has been 
associated with increased incidence of ischemic stroke, there are no data on the incidence of ischemic stroke based upon the 
severity of coronary artery disease by CCTA. Therefore, we sought to investigate the rate of major adverse cardiovascular 
events, including ischemic stroke, based upon the severity of coronary artery disease by CCTA over a 6-year period in a 
high-volume single military center.
Methods: We performed a retrospective chart review of all CCTA studies to evaluate the incidence of all-cause mortality, 
non-fatal myocardial infarction, ischemic stroke, and late revascularization (>90 days following CCTA) from January 2005 until 
July 2012. We reviewed 1518 CCTA reports, dividing patients into groups with obstructive (≥50% stenosis), non-obstructive 
(<50% stenosis), and no coronary artery disease (no angiographic disease). Subsequent major adverse cardiovascular events 
data (incidence of all-cause mortality, ischemic stroke, non-fatal myocardial infarction, and late revascularization) were 
obtained.
Results: Over a review period of 6 years with a resultant median follow-up period of 22 months (interquartile range = 13–
34 months), the major adverse cardiovascular events rate was significantly higher with obstructive coronary artery disease 
compared to both non-obstructive coronary artery disease and no coronary artery disease (8.9% vs 0.7%, p < 0.001; 8.9% 
vs 1.6%, p < 0.001). The incidence of ischemic stroke alone was also significantly higher in those with obstructive coronary 
artery disease compared to those with no coronary artery disease (3.8% vs 0.4%, p < 0.001).
Conclusion: Being free of disease on CCTA was associated with excellent cardiovascular prognosis. Obstructive coronary 
artery disease was associated with a significantly increased incidence of ischemic stroke. There was also a direct correlation 
between the severity of coronary artery disease on CCTA and cardiovascular prognosis over the follow-up period of 24 
months.
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Introduction

The rapid growth of coronary computed tomography angiog-
raphy (CCTA) technology in the past decade has led to 
improved resolution of epicardial coronary vasculature and, 
thus, the more accurate detection of obstructive coronary 
artery disease with high sensitivity (>90%) and specificity 
(>90%).1 A meta-analysis in 2011 by Hulten et al.2 showed a 
higher major adverse cardiovascular events (MACE) rate with 
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obstructive disease versus no disease. This was replicated by 
another meta-analysis by Bamberg et al.,3 demonstrating that 
obstructive coronary artery disease (CAD) was an independ-
ent predictor of future MACE. Similar results were also pub-
lished by the CONFIRM registry group, in their 24,000-patient 
population.4 In each of these studies, the absence of disease is 
associated with a very favorable prognosis.

Atherosclerosis is a generalized process and ischemic 
stroke and CAD share many of the same risk factors. A 
close association between coronary artery calcification 
and extra-coronary plaque burden has been reported.5 
Additionally, a graded association between coronary calci-
fication by electron-beam computed tomography and the 
incidence of ischemic stroke was previously described.6 
Prior CCTA studies have evaluated all-cause mortality, 
non-fatal myocardial infarction (MI), and late revasculari-
zation only.7 There are no data on the incidence of ischemic 
stroke based upon an individual’s burden of coronary 
atherosclerosis.

Therefore, we attempted to evaluate the rate of MACE, 
including ischemic stroke, based upon the severity of CAD 
in a single military center with high-volume CCTA over a 
span of 6 years with reliable follow-up based on Department 
of Defense electronic healthcare repository in conjunction 
with the social security death index (SSDI).

Methods

Patient selection

We performed a retrospective chart review of symptomatic 
adults at least 18 years of age who underwent 16-, 64-, or 
128-slice CCTA between January 2005 through July 2012 at 
a single-center, tertiary referral hospital (San Antonio 
Military Medical Center, Joint Base San Antonio-Fort Sam 
Houston, TX, USA). The indication for the study for the 
great majority of our cohort was a chest pain syndrome, 
although there were a small minority that underwent the 
study for dyspnea as part of a “triple rule-out” protocol, or 
evaluation for anomalous coronary anatomy as part of a syn-
cope evaluation. We included patients with known coronary 
artery disease who underwent CCTA for graft patency (com-
promised a small subset of the study). Exclusion criteria 
included studies uninterpretable due to motion artifact and 
coronary artery calcium (CAC) scores > 1000, if it affected 
the scan interpretation. Patients at risk of stroke requiring 
evaluation for neurovascular events were excluded to include 
CCTA performed for pulmonary vein isolation (PVI) map-
ping for atrial fibrillation. Any segment that was deemed 
uninterpretable by the first reader was adjudicated by a level 
III imaging cardiologist (senior author). If the segment was 
unable to be read, then the study was deemed uninterpretable 
to decrease bias in results. Patients with history of MI or 
ischemic stroke were excluded as well. Institutional review 
board approval was obtained.

Noninvasive coronary artery analysis by CCTA

All scans were analyzed by a cardiologist with level III Society 
of Cardiovascular Computed Tomography (SCCT) experi-
ence. From January 2005 through December 2007, images 
were obtained using a 16-slice CT scanner (Brilliance-16®, 
Phillips, Amsterdam, The Netherlands). Scans were per-
formed in accordance with SCCT guidelines.8 From January 
2008 to March 2011, images were obtained using a retrospec-
tive helical protocol with a 64-slice CT scanner (Somatom 
Definition CT®, Siemens, Erlagen, Germany). From March 
2011 to March 2012, studies were obtained utilizing a pro-
spective sequential protocol with 60%–80% image acquisition 
window. In March 2012, 128-slice dual head scanner with a 
single heart beat image acquisition of the complete coronary 
when a heart rate of less than 60 was achieved (Somatom 
Definition Flash CT®, Siemens, Erlagen, Germany).

CCTA stenosis severity assessment

Initial analysis was performed by a level II imaging cardiolo-
gist and adjudicated by a level III imaging cardiologist as per 
method, where the severity of the disease was determined on 
a per-patient and per-vessel basis using the SCCT 18-seg-
ment model in accordance with SCCT guidelines for inter-
pretation.9 The major epicardial coronary arteries (left main, 
left anterior descending, left circumflex, and right coronary 
arteries) were visually graded for evidence of coronary calci-
fication and presence and severity of coronary atherosclero-
sis. The posterior descending artery was included in the left 
circumflex or right coronary artery groups depending on its 
origin. We categorized these patients based upon the severity 
of CAD, defined as obstructive CAD (>50% stenosis), non-
obstructive CAD (<50% stenosis), or no CAD (vessels free 
of angiographic evidence of disease), respectively.

Follow-up

The primary endpoint was composite MACE, defined as all-
cause mortality, ischemic stroke, non-fatal MI, and late 
revascularization (defined as revascularization performed at 
least 90 days after CCTA). We also compared the incidence 
of each MACE outcome individually based upon the severity 
of CAD. International Statistical Classification of Diseases 
and Related Health Problems (ICD)-9 codes for all-cause 
mortality (798.1, 798.2, 798.9, and V12.53), ischemic stroke 
(434.00, 434.01, 434.10, 434.11, 434.90, 434.91, 997.02, 
and V12.54), non-fatal MI (410.0–410.9), and late revascu-
larization with percutaneous coronary intervention (PCI) 
(92980, 92981, 92982, 92995, and 92996) or coronary artery 
bypass grafting (CABG) (33510-33514, 33516, and 33533-
33536) were used for initial data extraction followed by 
Department of Defense outpatient and inpatient electronic 
medical records (EMRs) verification of events. We deter-
mined mortality using the SSDI followed by re-verification 
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using EMRs for last visit date as well as Tricare healthcare 
informatics division verification. All events identified by 
ICD-9 code were adjudicated and events were confirmed in 
subject’s EMRs.

Statistical analysis

Statistical analysis was performed using IBM SPSS version 
19.0 (IBM, Arnock, New York). Continuous variables are 
presented as means ± standard deviation and medians with 
interquartile range (IQR), as appropriate. All continuous 
variables were assessed for normality prior to hypothesis 
testing in SPSS. Cox proportional hazard models were devel-
oped to assess for variables associated with clinical out-
comes. Univariable predictors with a significance level p < 
0.10 were evaluated for inclusion in the final Cox model. 
Categorical variables are presented as frequencies with per-
centages. Comparison of means was performed using one-
way analysis of variance (ANOVA) with post hoc Bonferroni 
correction, with p-values < 0.05 considered significant. 
Event-free survival was assessed by the Kaplan–Meier 
method and the log-rank test used to analyze the difference 
in mean survival times. Hazard ratios (HRs) for variables 
associated with MACE by risk factors for CAD and obstruc-
tive CAD were computed and compared by Cox proportional 
hazards models.

Results

Clinical and CCTA characteristics of the study 
cohort

After reviewing 1757 CCTA studies, 239 did not meet the 
inclusion or exclusion criteria either due to image limitation 
or being used for PVI planning prior to atrial fibrillation. Of 
the 1518 subjects with interpretable studies, only nine patients 
were examined on the 16-slice scanner, the average age was 
53 ± 14 years with 60.5% male predominance and no loss to 
follow-up in EMRs. The mean age increased as the severity 
of CAD increased, with a statistically significant difference 
between obstructive CAD and no CAD (61 ± 11 vs 47 ± 14; 
p < 0.001). Overall, hypertension was present in 36.9% of the 
patients and hyperlipidemia was present in 30.8%. The pro-
portion of patients with diabetes mellitus type 2 was low 
(4.1%). There was a statistically significant difference in the 
percentage of patients with diabetes, hypertension, and hyper-
lipidemia among those with obstructive CAD compared to 
those with no CAD (Table 1). The majority of patients had 
either non-obstructive or no CAD (Figure 1).

CCTA characteristics associated with MACE

Over a mean follow-up period of 24 months (median of 22 
months and IQR of 13–34 months), there was a statistically 
significant difference in MACE between obstructive and no 

CAD (8.9% vs 0.7%, p < 0.001) as well as between obstruc-
tive and non-obstructive CAD (8.9% vs 1.6%, p < 0.001) 
(Figure 2). Between non-obstructive and no CAD, there was 
no significant difference in MACE (1.6% vs 0.7%, p = 1.000) 
(Table 2). There was a significant difference in the mean sur-
vival from MACE between obstructive and no CAD, with 
those without CAD with longer mean survival times (1572 ± 
62 days, 95% confidence interval (CI): 1450–1693 vs 1977 ± 
17 days, 95% CI: 1944–2012; p < 0.001) (Figure 3). There 
was no significant difference in mean survival time between 
non-obstructive and no CAD (Table 3). The difference in 
mean MACE-free survival time was also seen on a per-ves-
sel basis (Figure 4). The mean MACE-free survival was sig-
nificantly longer when no CAD was compared to one-, two-, 
and three-vessel obstructive CAD (Table 4). Univariable risk 
factors associated with MACE were age (HR = 1.067, 95% 
CI: 1.037–1.097; p < 0.001), hypertension (HR = 2.135, 95% 
CI: 1.085–4.203; p = 0.028), and obstructive CAD on CCTA 
(HR = 7.084, 95% CI: 2.969–16.905; p < 0.001) (Table 5). 
Cox proportional hazards multivariable regression analysis 
demonstrated that age (HR = 1.055, 95% CI: 1.021–1.091; p 
= 0.001) and obstructive CAD by CCTA (HR = 3.742, 95% 
CI: 1.396–10.030; p = 0.009) were independent risk factors 
associated with MACE (Table 6).

CCTA characteristics associated with all-cause 
mortality, non-fatal MI, or late revascularization

The difference in all-cause mortality was not significant 
between the three groups (Table 2). However, the two 
deaths recorded in the normal cohort were not related to 
CAD. One patient suffered a peri-procedural complication 
and another expired from complications with aortic regur-
gitation secondary to a prior traumatic aortic root dissec-
tion. Between obstructive and no CAD, there was a 
significant difference in non-fatal MI (2.5% vs 0%, p < 
0.001) and late revascularization (2.5% vs 0.0%, p < 0.001). 
Between obstructive and non-obstructive CAD, there was a 
significant reduction in late revascularization only (2.5% 
vs 0.1%, p < 0.001). However, there was a trend toward a 
significantly increased incidence of non-fatal MI between 
obstructive and non-obstructive CAD (2.5% vs 0.9%, p = 
0.195). There was no significant difference in the rate of 
non-fatal MI or late revascularization between non-obstruc-
tive and no CAD. Of note, there was no occurrence of non-
fatal MI or need for late revascularization in patients 
without CAD by CCTA (Figure 2).

CCTA characteristics associated with ischemic 
stroke

Obstructive CAD was associated with a significantly higher 
incidence of ischemic stroke compared to non-obstructive 
CAD (3.8% vs 0.6%, p < 0.001) and no CAD (3.8% vs 0.4%, 
p < 0.001) (Table 2). In a separate Kaplan–Meier survival 
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Figure 1. Breakdown of the severity of CAD by CCTA per coronary vessel
CAD: coronary artery disease; CCTA: coronary computed tomography angiography; LM: left main coronary artery; LAD: left anterior descending artery; 
RCA: right coronary artery; LCFX: left circumflex artery.
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Figure 2. Overall incidence of MACE (all-cause mortality, ischemic stroke, non-fatal MI, and late revascularization) and isolated 
cardiovascular outcomes according to CAD severity by CCTA.
MACE: major adverse cardiovascular events; MI: myocardial infarction; CAD: coronary artery disease; CCTA: coronary computed tomography 
angiography.

Table 1. Baseline characteristics based upon severity of CAD by CCTA.

Variable Overall  
(n = 1518)

Obstructive 
CAD (n = 158)

Non-obstructive 
CAD (n = 671)

No CAD 
(n = 689)

p-value

Age 53 ± 14 61 ± 11 58 ± 12 47 ± 14 <0.001*
Male gender 60.5 (919) 69.5 (121) 58.5 (383) 60.2 (415) 0.222
Diabetes mellitus 4.1 (62) 9.8 (17) 4.7 (31) 2.0 (14) <0.001*
Hypertension 36.9 (560) 56.3 (98) 46.9 (307) 22.5 (155) <0.001*
Hyperlipidemia 30.8 (467) 41.4 (72) 40.6 (266) 18.7 (129) <0.001*
Prior CABG 1.1 (17) 10.8 (17) – – –

CAD: coronary artery disease; CCTA: coronary computed tomography angiography; CABG: coronary artery bypass grafting.
Values are % (n) or mean ± standard deviation. Severity of CAD was classified as obstructive (>50% stenosis), non-obstructive (<50% stenosis), and no 
CAD (no angiographic disease).
*p-value < 0.05 considered significant.
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Table 2. Annualized incidence of composite MACE and isolated endpoints of all-cause mortality, ischemic stroke, non-fatal MI, and late 
revascularization based upon severity of CAD.

CAD Severity MACE, 
% (n)

All-cause 
mortality, 
% (n)

Stroke, 
% (n)

Non-fatal 
MI, % (n)

Late 
revascularization, 
% (n)

Obstructive CAD (n = 158) 4.4 (14) 0.3 (1) 1.9 (6) 1.3 (4) 1.3 (4)
Non-obstructive CAD (n = 671) 0.8 (11) 0.0 (0) 0.3 (4) 0.4 (6) 0.1 (1)
No CAD (n = 689) 0.4 (5) 0.1 (2) 0.2 (3) 0.0 (0) 0.0 (0)
p-valuea <0.001* 1.000 0.000* 0.003* 0.000*
p-valueb <0.001* 1.000 <0.001* 0.195 <0.001*
p-valuec 1.000 1.000 1.000 0.369 1.000

MACE: major adverse cardiovascular events; MI: myocardial infarction; CAD: coronary artery disease.
Values are % (n).
ap-value comparing obstructive CAD and no CAD.
bp-value comparing obstructive CAD and non-obstructive CAD.
cp-value comparing non-obstructive CAD and no CAD.
*p-value < 0.05 considered statistically significant.

Figure 3. Kaplan–Meier curves comparing event-free survival from composite MACE stratified by severity of CAD.
MACE: major adverse cardiovascular events; CAD: coronary artery disease.
Log-rank p-value < 0.001 (obstructive vs no CAD).

Table 3. Per-patient mean survival times with Mantel–Cox p-values comparing mean survival time from MACE between obstructive 
and non-obstructive with no CAD.

CAD severity Mean survival 
time (days)

SE LCI UCI p-valuea

Obstructive CAD 1572 62 1450 1693 <0.001
Non-obstructive CAD 1609 13 1583 1635 0.312
No CAD 1977 17 1944 2012 Reference

MACE: major adverse cardiovascular events; CAD: coronary artery disease; SE: standard error; LCI: lower confidence interval; UCI: upper confidence 
interval.
ap-values use no CAD as the reference comparator.
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Figure 4. Kaplan–Meier curves comparing event-free survival from composite MACE between one-, two- and three-vessel obstructive, 
non-obstructive, and no CAD.
MACE: major adverse cardiovascular events; CAD: coronary artery disease.
Log-rank p-value ≤ 0.001 between no CAD and one-, two-, and three-vessel obstructive CAD.

Table 4. Per-vessel mean survival times with Mantel–Cox p-values comparing mean survival from MACE between one-, two-, three-
vessel obstructive, and non-obstructive CAD with no CAD.

CAD severity Mean survival 
time (days)

SE LCI UCI p-valuea

1-vessel obstructive CAD 1623 72 1482 1764 <0.001
2-vessel obstructive CAD 1394 97 1204 1584 <0.001
3-vessel obstructive CAD 939 69 805 1074 0.001
Non-obstructive CAD 1609 13 1583 1635 0.312
No CAD 1977 17 1944 2012 Reference

MACE: major adverse cardiovascular events; CAD: coronary artery disease; SE: standard error; LCI: lower confidence interval; UCI: upper confidence 
interval.
ap-values use no CAD as the reference comparator.

Table 5. Univariate regression analysis using Cox proportional hazard model for prediction of composite MACE.

Variable Univariable HR SE p-value LCI UCI

Age 1.067 0.014 <0.001* 1.037 1.097
Male gender 0.713 0.338 0.317 0.367 1.384
Diabetes mellitus 1.930 0.604 0.267 0.591 6.308
Hypertension 2.135 0.345 0.028* 1.085 4.203
Hyperlipidemia 1.619 0.340 0.156 0.832 3.149
Obstructive CAD 7.084 0.444 <0.001* 2.969 16.905

MACE: major adverse cardiovascular events; CAD: coronary artery disease; HR: hazard ratio; SE: standard error; LCI: lower confidence interval; UCI: 
upper confidence interval.
*p < 0.05 considered statistically significant.
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analysis of ischemic stroke based upon the severity of CAD, 
the mean ischemic stroke-free survival time was significantly 
shorter with obstructive CAD when compared to no CAD 
(1706 ± 44 days, 95% CI: 1621–1792 vs 2001 ± 10 days, 95% 
CI: 1969–2008; p < 0.001) (Figure 5). There was no difference 
in event-free survival between non-obstructive and no CAD. 
In the per-vessel analysis for ischemic stroke, the mean 
ischemic stroke-free survival time was significantly shorter 
when one-, two-, and three-vessel obstructive CAD was com-
pared to no CAD (Figure 6). Cox proportional hazards multi-
variable regression analysis showed age (HR = 1.055, 95% 
CI: 10.55–1.108; p = 0.031) and obstructive CAD (HR = 
3.742, 95% CI: 1.396–10.030; p = 0.009) to be independent 
risk factors associated with ischemic stroke (Table 7).

Discussion

Prognostic value of CCTA for ischemic stroke

Our goal was to investigate the implication of the severity 
of CAD on long-term cardiovascular prognosis, including 

ischemic stroke, in our single-center experience with 
CCTA. Apart from one study that investigated the associa-
tion between CAC and ischemic stroke, there are no data 
on the prognostic value of CCTA for ischemic stroke. Our 
data demonstrate that the likelihood of ischemic stroke is 
directly proportional to the overall severity of CAD as 
well as the number of vessels with obstructive disease. 
Furthermore, the risk of ischemic stroke is significantly 
reduced and the mean ischemic stroke-free survival sig-
nificant longer when free of disease by CCTA compared 
to those with obstructive CAD. When stratified by CAD, 
the pattern of event-free survival for ischemic stroke 
closely mirrored that of MACE-free survival, with nearly 
identical hazards for MACE. Given the prior associations 
between the degree CAC with extra-coronary plaque bur-
den and ischemic stroke, not only are these findings not 
surprising but they further support cerebrovascular dis-
ease as a risk factor for CAD and vice versa. And now, our 
data add to the current literature on the prognostic appli-
cation of CCTA, as a potential risk assessment tool for 
ischemic stroke.

Table 6. Cox proportional hazards regression analysis for prediction of composite MACE.

Variable Multivariable HR SE p-value LCI UCI

Age 1.055 0.017 0.001* 1.021 1.091
Male gender 0.720 0.350 0.349 0.363 1.430
Diabetes mellitus 0.821 0.627 0.753 0.240 2.807
Hypertension 1.040 0.391 0.920 0.483 2.237
Hyperlipidemia 1.038 0.354 0.917 0.519 2.075
Obstructive CAD 3.742 0.503 0.009* 1.396 10.030

MACE: major adverse cardiovascular events; CAD: coronary artery disease; HR: hazard ratio; SE: standard error; LCI: lower confidence interval; UCI: 
upper confidence interval. 
*p-value < 0.05 considered significant.

Figure 5. Kaplan–Meier curves comparing ischemic stroke-free survival stratified by severity of CAD.
CAD: coronary artery disease.
Log-rank p-value < 0.001 (obstructive vs no CAD).
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Prognostic value of CCTA for MACE

Our main result is that patients who were free of disease by 
CCTA had excellent prognosis over a mean follow-up of 24 
months, as demonstrated in the Kaplan–Meier MACE-free 
survival. Among the patients who were free of disease by 
CCTA, not only was the mean survival time significantly 
higher, there were no non-fatal MIs or need for late revas-
cularization. With a normal CCTA study, these patients 
have a veritable intermediate-term (2-year) warranty from 
a standpoint of cardiovascular disease. Symptomatic 
patients without CAD by CCTA have a very low event rate, 
which provides these patients and their provider confidence 
regarding cardiovascular risk, to include ischemic stroke, 
as well as future military deployments and assignments. In 
our own military system, we have successfully utilized 
CCTA to expeditiously evaluate chest pain syndromes in 
our soldiers, sailors, marines, and airmen. Coupled with a 

reduced invasive coronary angiography referral rate and 
lower false-positive rate compared to myocardial perfusion 
imaging,10 the excellent prognosis associated with a normal 
CCTA study has allowed for rapid return to duty or world-
wide deployment.

There was an incrementally increasing association 
between the severity of CAD by CCTA and the rates of 
MACE as well as isolated endpoints of non-fatal MI, and late 
revascularization, consistent with the findings in prior prog-
nostic studies. Our data demonstrated a significant increase in 
the incidence of MACE and ischemic stroke between both 
comparisons of obstructive versus non-obstructive CAD as 
well as obstructive versus no CAD. This is in contrast to some 
of the earlier works such as that by Elias-Smale et al.,11 where 
they evaluated 2153 asymptomatic subjects enrolled in the 
Rotterdam Study with a median follow-up of 3.5 years where 
asymptomatic disease burden in the setting of reclassified 

Figure 6. Kaplan–Meier curves comparing ischemic stroke-free survival between one-, two- and three-vessel obstructive, non-
obstructive, and no CAD.
CAD: coronary artery disease.
Log-rank p-value ≤ 0.008 between no CAD and one-, two-, and three-vessel obstructive CAD.

Table 7. Cox proportional hazards regression analysis for prediction of ischemic stroke.

Variable Multivariate HR SE p-value LCI UCI

Age 1.055 0.025 0.031* 1.055 1.108
Male gender 0.798 0.574 0.694 0.259 2.459
Diabetes mellitus 0.000 640.684 0.983 0.000 –
Hypertension 1.348 0.658 0.650 0.371 4.900
Hyperlipidemia 1.710 0.575 0.351 0.554 5.274
Obstructive CAD 3.742 0.503 0.009* 1.396 10.030

CAD: coronary artery disease; HR: hazard ratio; SE: standard error; LCI: lower confidence interval; UCI: upper confidence interval.  
*p-value < 0.05 considered significant.



Lin et al. 9

Framingham score based on degree of vascular bed calcifica-
tion failed to predict incidence of stroke. Jensen et al.,12 in a 
much smaller study of 392 patients, evaluating the incidence 
of CAD on CCTA in between patients with acute ischemic 
stroke as compared to patients with acute chest pain, noted 
that there was a four-fold increased incidence of coronary 
plaque in the ischemic stroke group as compared to the risk 
factor matched cohort. Our study, however, evaluated the 
incidence of ischemic stroke based on degree of coronary dis-
ease burden in the setting of acute symptoms and its impact 
on future ischemic stroke event rates.

The difference in non-fatal MI between obstructive and 
non-obstructive CAD trended toward significance. Of the 
total three all-cause mortality cases in our patient cohort, 
there were two deaths recorded in patients with no angio-
graphic disease and neither of which were related to coro-
nary artery disease. Apart from this result, our findings are 
generally consistent with prior studies on the prognostic 
value of CCTA, with increased MACE outcomes directly 
proportional to the extent of CAD as well as the number of 
diseased vessels.2–5

Prior studies have shown significant differences in 
MACE outcomes between those with non-obstructive and 
no CAD.4,13 In our experience, there was no significant dif-
ference in composite MACE or the isolated endpoints of 
all-cause mortality, non-fatal MI, and late revasculariza-
tion between non-obstructive and no CAD due to low 
power. However, there was a trend toward significance, 
with a higher incidence of MACE with non-obstructive 
versus no CAD.

Study limitations

This retrospective chart review is limited by the fact that this 
is a single, high-volume center experience with active duty 
military members included in our patient cohort, whose 
health status and physical fitness may not reflect the nation’s 
population as a whole. However, our military health system 
in San Antonio also provides medical care for dependents as 
well as enrolled retired military and their families, which 
helps diversify our study population to more closely mimic 
the general US population.

Furthermore, the presence of non-obstructive coronary 
atherosclerosis has been shown to predict cardiovascular 
mortality.14 Therefore, the effect any post-CCTA medical 
treatment or risk factor control after detection of non-
obstructive coronary plaques had upon the outcomes remains 
unknown.

Finally, our entire patient cohort comprised those with 
normal renal function, as a creatinine clearance of <60 pre-
vented patients from undergoing CCTA in our institution. 
Patients with non-dialysis-dependent chronic kidney disease 
(CKD) as well as end-stage renal disease (ESRD) represent 
a population subset who have been shown to be at increased 
independent risk of cardiovascular mortality.14,15 Therefore, 

it remains unclear here what effect the presence of CKD or 
ESRD would have on MACE outcomes.

Future directions

Our data demonstrated excellent prognosis in patients free of 
disease by CCTA over an approximate follow-up of 24 
months, which is similar to prior studies. With continued 
follow-up, we hope to better understand how severity of 
CAD impacts more distant cardiovascular prognosis using 
longer term studies. Additionally, we plan to assess how 
medical therapies and risk factor modification after the diag-
nosis of non-obstructive coronary atherosclerosis by CCTA 
affects cardiovascular outcomes.

Conclusion

The severity of CAD by CCTA is not only associated with 
increased incidence of MACE, it appears to be associated 
with increased incidence of ischemic stroke over 2 years, an 
association not previously made. The patterns of survival 
and risk factors for ischemic stroke identified here are nearly 
identical to those of MACE, supporting the close association 
between the cerebrovascular and cardiovascular atheroscle-
rosis. Furthermore, with an average follow-up period of 2 
years, we found that not only is intermediate-term cardiovas-
cular prognosis closely related to the severity of CAD, being 
free of disease on CCTA was associated with very low risk of 
MACE. This 2-year cardiovascular warranty has the poten-
tial to reduce repeat cardiac studies and the cost burden 
affecting the medical industry.
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