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ABSTRACT
Background Coronary artery aneurysms (CAAs) are 
increasingly diagnosed on coronary angiography; however, 
controversies persist regarding their optimal management. 
In the present study, we analysed the long- term 
outcomes of patients with CAAs following three different 
management strategies.
Methods We performed a retrospective review of patient 
records with documented CAA diagnosis between 2000 
and 2005. Patients were divided into three groups: 
medical management versus percutaneous coronary 
intervention (PCI) versus coronary artery bypass grafting 
(CABG). We analysed the rate of major cardiovascular 
and cerebrovascular events (MACCEs) over a period of 10 
years.
Results We identified 458 patients with CAAs (mean 
age 78±10.5 years, 74.5% men) who received medical 
therapy (N=230) or underwent PCI (N=52) or CABG 
(N=176). The incidence of CAAs was 0.7% of the total 
catheterisation reports. The left anterior descending 
was the most common coronary artery involved (38%). 
The median follow- up time was 62 months. The total 
number of MACCE during follow- up was 155 (33.8%); 
91 (39.6%) in the medical management group vs 46 
(26.1%) in the CABG group vs 18 (34.6%) in the PCI group 
(p=0.02). Kaplan- Meier survival analysis showed that 
CABG was associated with better MACCE- free survival 
(p log- rank=0.03) than medical management. These 
results were confirmed on univariate Cox regression, but 
not multivariate regression (OR 0.773 (0.526 to 1.136); 
p=0.19). Both Kaplan- Meier survival and regression 
analyses showed that dual antiplatelet therapy (DAPT) 
and anticoagulation were not associated with significant 
improvement in MACCE rates.
Conclusion Our analysis showed similar long- term 
MACCE risks in patients with CAA undergoing medical, 
percutaneous and surgical management. Further, DAPT 
and anticoagulation were not associated with significant 
benefits in terms of MACCE rates. These results should 
be interpreted with caution considering the small size and 
potential for selection bias and should be confirmed in 
large, randomised trials.

INTRODUCTION
The incidence of coronary artery aneurysms 
(CAAs) varies from 0.3% to 5.3%.1 In most 
cases, CAAs are asymptomatic. However, when 
symptomatic, the clinical presentation varies 
and is typically dependent on the underlying 
cause, for example, atherosclerotic coronary 
artery disease (CAD). More than 80% of 
CAAs are atherosclerotic in origin.2 3 Other 
causative factors include Kawasaki disease, 
connective tissue disorders, congenital 
anomalies, infection, specific drug reactions, 
trauma or iatrogenic interventions.4 Potential 
complications of CAAs include thrombosis, 
rupture and embolism, which can precipitate 
ischaemia or even sudden death.5

The management strategies of CAAs 
include medical (conservative) therapy, 
percutaneous coronary intervention (PCI) 
and surgery. To date, there is no consensus 

Key questions

What is already known about this subject?
 ► Coronary artery aneurysms (CAAs) are increasingly 
being diagnosed on coronary angiography. However, 
there is paucity of data regarding the long- term 
outcomes of different management strategies in 
patients with CAA.

What does this study add?
 ► Our study analysed the long- term MACCE outcomes 
of patients with CAAs who underwent medical 
management versus percutaneous and surgical 
interventions.

How might this impact on clinical practice?
 ► Our results will inform clinical decisions regarding 
the selection of management strategies for patients 
with CAA and the role of antiplatelet/anticoagulant 
therapy in this patient cohort.
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on the optimal management of CAAs. This is because 
the natural history and long‐term outcomes of CAAs 
remain unclear. In the lack of large randomised clinical 
trials, current recommendations are primarily based on 
small studies and anecdotal evidence. Further, controver-
sies persist regarding the benefits of anticoagulant and 
dual antiplatelet therapy (DAPT) in this patient popu-
lation.6 7 In this retrospective cohort study, we analysed 
the long- term major cardiovascular and cerebrovascular 
event (MACCE) outcomes of patients with CAA who were 
managed conservatively versus those with PCI or surgical 
intervention over a 10- year follow- up period.

METHODS
Patient population
This was a single- centre, retrospective cohort study at the 
Cleveland Clinic. All patients whose cardiac catheterisa-
tion reports documented a diagnosis of CAA between 
2000 and 2005 were included in the present study. CAA 
was defined as a localised dilatation of coronary vascular 
lumen with diameter >1.5 times compared with the refer-
ence coronary vessel. Patients reported to have ‘ectasia’ 
(diffuse dilatation of the coronary vessel) and those with 
no recorded follow- up after the initial catheterisation 
were excluded from the study. The study was reported 
according to the guidelines of the Strengthening and 
Reporting of Observational Studies in Epidemiology 
Statement checklist.8

Data collection
All patients who underwent coronary arteriography 
between 2000 and 2005 were eligible. A total of 74 269 
consecutive cardiac catheterisation reports were searched 
for the word ‘aneurysm’. This strategy retrieved 3333 
catheterisation reports, which were further evaluated to 
exclude patients with aortic, ventricular and sinus of Vals-
alva aneurysms. A total of 498 patients matched our inclu-
sion criteria; however, 40 patients were further excluded 
due to incomplete chart information or lack of follow- up 
after the initial catheterisation (figure 1).

The baseline patient characteristics, aneurysm anatom-
ical details, and outcomes were collected by a thorough 
review of individual medical charts and cardiac catheteri-
sation images. Mortality data were obtained from multiple 
sources in an additive manner, including the Social Secu-
rity Death Index, State Death Index and public record 
searches. For patients who did not have any date of death 
on record, the date of last known follow- up was used as 
the censor date.

Outcome definitions
The primary MACCE endpoint was a composite of all- 
cause death, stroke, unplanned percutaneous or surgical 
revascularisation, and presentation with an acute coro-
nary event. All patients were followed for a maximum of 
10 years starting from the day of CAA diagnosis.

Statistical analysis
Categorical variables were analysed using the Χ2 test and 
expressed as frequency and percentage. Continuous 
variables were analysed using one- way analysis of vari-
ance with post- hoc Tukey’s test, wherever appropriate, 
and reported as mean±SD. Univariate analysis was done 
using the OR; the multivariate analysis was done using 
the multivariable binary logistic regression. Kaplan- Meier 
curves were used for survival analysis. A p value cut- off 
of 0.05 was required for statistical significance. SPSS 
software (IBM SPSS Statistics for Windows, V.24.0, IBM 
Corp) was used for data analysis.

RESULTS
Baseline characteristics
The current study included 458 patients, divided into 
three groups: 230 (50.2%) patients were managed medi-
cally, 176 (38.4%) underwent coronary artery bypass 
grafting (CABG) and 52 (11.3%) underwent PCI. The 
incidence of CAA was 0.7% of the total catheterisa-
tion reports. The mean age of the patient population 
was 78±10.5 years, with a male preponderance (N=341; 
74.5%). Anginal symptoms were reported in 64% of 
individuals and 32% had a history of congestive heart 
failure. The details of patient baseline characteristics are 
mentioned in table 1.

Coronary anatomy and aneurysms
Atherosclerotic CAD was the most common association 
with CAA, documented in 421 (91.7%) patients. Other 
reported causes of CAA included Kawasaki disease (n=2; 
0.4%), congenital artery anomaly (n=2; 0.4%) and iatro-
genic (due to stent implantation) (n=2; 0.4%). The mean 
aneurysm size was 6±0.3 mm and the mean reference 

Figure 1 Patient selection flow diagram. Flow diagram 
depicting the inclusion and exclusion criteria for selection of 
patients with coronary artery aneurysm.
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vessel diameter was 2.8±0.8 mm. There was no difference 
in the mean aneurysm size in the medical (6 mm) versus 
PCI (6.9 mm) versus CABG (6 mm) groups. The details 
of the coronary vessels and aneurysms are mentioned in 
table 2.

The mean SYNTAX score was 10±9; however, the 
SYNTAX scores for patients with medical management 
were lower at 6.5±8.2, compared with patients who had 
either CABG (15.4±8.4) or PCI (10.3±5.7) (p<0.001). 

The mean aneurysm diameter to reference vessel diam-
eter ratio was 2.2. The most common artery involved was 
the left anterior descending (LAD) in 40.5% of cases, 
followed by the right (29.2%) and left circumflex coro-
nary arteries (28.1%). In the PCI group, 20 (38.4%) 
patients received bare- metal stents and 24 (46.1%) 
patients received drug- eluting stents. Target vessel with 
aneurysm revascularisation was seen in 42 (80.7%) 
patients versus non- target vessel revascularisation in 10 
(19.7%) patients.

Long-term outcomes
The median follow- up period was 62 (11–120) months. 
The total number of MACCE during follow- up was 155 
(33.8 %): 91 (39.6%) in the medical management group 
vs 46 (26.1%) in the CABG group vs 18 (34.6%) in the 
PCI group (p=0.02). The MACCE rate was significantly 
higher in the medical management group than the 
CABG group (p=0.005). Other comparisons (CABG vs 
PCI and PCI vs medical management) were statistically 
insignificant.

Kaplan- Meier survival analysis showed that CABG was 
associated with better MACCE- free survival than medical 
management (p log- rank=0.03); however, MACCE- free 
survival was similar between CABG and PCI (p log- 
rank=0.34), as well as between PCI and medical manage-
ment (p log- rank=0.66; figure 2). In addition, there 
were no significant differences in MACCE- free survival 
between patients who received DAPT, warfarin or both 
(p log- rank>0.05; figure 3).

Table 1 Baseline characteristics of the enrolled patients with coronary artery aneurysm (N=458)

Medical
(N=230)

CABG
(N=176)

PCI
(N=52) P value

Age (years), mean±SD 77.7±10.3 79.7±10.1 74.1±11.4 0.002

Gender (males) 168 (73) 133 (75.6) 40 (77) 0.77

Hypertension 167 (72.6) 151 (85.8) 35 (67.3) 0.001

Diabetes 68 (29.6) 56 (31.8) 12 (23.1) 0.46

Coronary artery disease 185 (80.4) 156 (88.6) 47 (90.4) 0.02

Hyperlipidaemia 173 (75.2) 154 (87.5) 41 (78.8) 0.04

Chronic kidney disease 38 (16.5) 25 (14.2) 5 (9.6) 0.44

Congestive heart failure 78 (33.9) 53 (30.1) 18 (34.6) 0.70

Anginal symptoms 129 (56.1) 122 (69.3) 42 (80.7) 0.001

H/O smoking 140 (60.8) 84 (47.7) 26 (50) 0.03

Aortic aneurysm 16 (7) 14 (8) 13 (25) 0.66

Peripheral vascular disease 21 (9.1) 25 (14.2) 9 (17.3) 0.13

Warfarin use 41 (17.8) 28 (15.9) 6 (11.5) 0.54

DAPT use 65 (28.3) 34 (19.3) 41 (78.8) <0.001

SYNTAX scores (mean±SD) 6.5±8.2 15.4±8.4 10.3±5.7 <0.001

Aneurysm size (mean±SD) 0.6±0.34 0.6±0.22 0.69±0.17 0.64

Aneurysm/vessel ratio (mean±SD) 2.28±1.4 2.26±0.67 1.77±0.44 0.35

Data are frequency (%) unless otherwise stated. Bold font indicates statistical significance (p<0.05).
CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapy; PCI, percutaneous coronary intervention.

Table 2 Anatomical details of aneurysm

Details of aneurysm N (%)

Cause of aneurysm—atherosclerosis 421 (91.7)

Arteries involved (/patient number)

  Left anterior descending 186 (40.5)

  Right coronary artery 134 (29.2)

  Left circumflex artery 129 (28.1)

  Left main artery 28 (6.1)

  Saphenous vein graft 19 (4.1)

Mean size of aneurysm (mm) 6.0±0.3

Mean size of reference artery (mm) 2.8±0.8

Mean aneurysm/reference artery ratio 2.2±1.1

Anomalous artery congenital aneurysm 1 (0.2)

Giant aneurysms 2 (0.4)

Total no of aneurysms identified 505 (100)

Data are presented as count (%) or mean±SD.
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Univariate regression analysis showed that older age 
(OR 1.051 (1.014 to 1.056), p=0.01), acute coronary 
syndrome (ACS) on initial presentation (OR 1.601 
(1.051 to 2.441), p=0.03), chronic heart failure (OR 
2.021 (1.471 to 2.775), p<0.001) and chronic kidney 
disease (OR 1.685 (1.156 to 2.456), p=0.007), and aneu-
rysm location in the left main artery (OR 1.584 (1.283 
to 1.868), p<0.001) were significantly associated with 
increased MACCE rates in patients with CAA. In contrast, 
CABG treatment was associated with less MACCE 
on long- term follow- up (OR 0.684 (0.480 to 0.975), 
p=0.03). However, the association was not significant for 
PCI, DAPT and anticoagulation (table 3). Multivariate 
regression showed that only chronic heart failure was 

significantly associated with worse MACCE outcome (OR 
1.934 (1.343 to 2.785), p<0.001). The significant MACCE 
difference between CABG and medical treatment was 
not stable on multivariate regression (OR 0.773 (0.526 
to 1.136); p=0.19).

Other than MACCE, aneurysm- related complications 
were seen in seven patients; five patients presented with 
thrombus formation in the aneurysmal area, one patient 
with type B aortic dissection after stent placement in 
the aneurysm and one patient with LAD to pulmonary 
artery aneurysm (likely secondary to congenital artery 
fistula).

Figure 2 Kaplan- Meier survival analysis for freedom 
from major cardiovascular and cerebrovascular events 
(MACCEs) in different study groups (medical management 
vs percutaneous coronary intervention (PCI) vs coronary 
artery bypass grafting (CABG)). Kaplan- Meier survival curve 
analysis for freedom of MACCEs in patients with medical 
management versus CABG versus PCI in patients with 
coronary artery aneurysms.

Figure 3 Kaplan- Meier survival analysis for freedom 
from MACCE in patients who received warfarin, DAPT 
or both. DAPT, dual antiplatelet therapy; MACCE, major 
cardiovascular and cerebrovascular event.

Table 3 Univariate regression analysis of the factors 
associated with MACCE outcomes in patients with coronary 
artery aneurysm

HR (95% CI) P value

Patient characteristics

Age (years) 1.051 (1.014 to 1.056) 0.01

Gender (male) 0.707 (0.504 to 0.993) 0.45

Diabetes mellitus 0.940 ((0.670 to 1.319) 0.72

Hypertension 0.664 (0.462 to 1.094) 0.07

Chronic heart failure 2.021 (1.471 to 2.775) <0.001

Chronic kidney disease 1.685 (1.156 to 2.456) 0.007

Smoking history 1.025 (0.746 to 1.408) 0.88

Angina history 1.050 (0.750 to 1.468) 0.78

ACS on initial presentation 1.601 (1.051 to 2.441) 0.03

Coronary artery disease 1.450 (0.887 to 2.371) 0.14

H/O prior CABG 0.985 (0.707 to 1.373) 0.93

Peripheral vascular disease 0.959 (0.605 to 1.519) 0.85

Aneurysm anatomical details

Aneurysm location

  LAD 1.036 (0.752 to 1.428) 0.83

  LCA 0.893 (0.622 to 1.284) 0.54

  RCA 0.894 (0.634 to 1.263) 0.53

  LMA 1.584 (1.283 to 1.868) <0.001

Atherosclerosis as cause 0.991 (0.572 to 1.717) 0.98

Aneurysm size 1.500 (0.665 to 3.379) 0.33

Aneurysm/vessel ratio 1.035 (0.810 to 1.322) 0.78

SYNTAX score 0.998 (0.958 to 1.040) 0.93

Interventions

CABG (ref: medical 
management)

0.684 (0.480 to 0.975) 0.03

PCI (ref: medical management) 0.895 (0.540 to 1.484) 0.67

DAPT use 1.038 ((0.741 to 1.454) 0.83

Warfarin use 0.973 (0.930 to 1.017) 0.22

ACS, acute coronary syndrome; CABG, coronary artery bypass 
grafting; DAPT, dual antiplatelet therapy; LAD, left anterior 
descending; LCA, left circumflex artery; LMA, left main artery; 
MACCE, major cardiovascular and cerebrovascular event; PCI, 
percutaneous coronary intervention; RCA, right coronary artery.
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DISCUSSION
We report the long- term outcomes of patients with CAA 
from a high- volume health system. The key findings of 
our study were (a) the incidence of CAA diagnosis was 
0.7% of all- comers for invasive coronary arteriograms; 
(b) atherosclerosis remained the most common cause of 
CAA and LAD was the most commonly involved coronary 
artery; (c) CABG was associated with better MACCE- free 
survival than medical management, but no significant 
difference was recorded between CABG and PCI; and 
(d) no significant difference in MACCE- free survival 
was noted between patients managed on DAPT versus 
warfarin.

Consistent with prior studies,6 9–11 atherosclerosis was 
the most common causal association of CAA, present in 
more than 90% of our patients. This could be due to the 
natural history of CAA formation with the presence of 
focal areas of calcification and fibrosis, as well as large 
cholesterol crystals. Such features weaken the vessel wall 
and decrease its elasticity, ultimately reducing the vessel’s 
tolerance to intraluminal pressure with subsequent dila-
tation and aneurysm formation. Long- term transmural 
inflammation, which is characteristic of atherosclerotic 
disease, further contributes to this process of vessel- wall 
weakening.

Because most patients with CAA in our study had associ-
ated CAD, their management was directed towards CAD 
revascularisation. This provided us with an opportunity 
to compare the long- term outcomes of patients under-
going different modes of revascularisation or medical 
management. Patients who underwent either CABG or 
PCI had higher SYNTAX scores compared with the medi-
cally managed patients, signifying the increased severity 
of CAD in this subset of patients. Interestingly, CABG 
was associated with better MACCE- free survival than 
medical management, but no significant difference was 
noted between PCI and CABG in terms of MACCE- free 
survival. The latter finding should be interpreted with 
caution because of the limited number of patients in the 
PCI arm of our study. Although the significant difference 
between CABG and medical treatment was confirmed 
in univariate regression, it disappeared in multivariate 
regression. This may be because patients selected for 
CABG are usually less sick than those selected for conser-
vative therapy. Therefore, the implications of this finding 
are prognostic rather than to recommend CABG as a 
management strategy for CAA.

Former studies have reported good short- term and 
long- term outcomes for CABG in patients with CAA12 13 
; however, data comparing CABG outcomes to those of 
PCI or medical management alone are rare. Szalat et al 
reviewed the short- term outcomes of 18 patients with 
CAA who underwent CABG and 24 patients who under-
went PCI. No mortality was recorded in either group. In 
patients with follow- up data at 4 months, 12 (92%) and 15 
(79%) patients were asymptomatic in the CABG and PCI 
groups, respectively, while 5 patients in the PCI group 

developed restenosis.14 Our findings are in line with 
recent results from the International Coronary Artery 
Aneurysm Registry (CAAR). Data analysis of 1565 patients 
with CAA showed that CABG and PCI had similar rates of 
mortality (15.6% vs 15.9%, p=0.92) and MACCE (31.6% 
vs 31.4%; p=0.96) at short- term follow- up.15 To our knowl-
edge, the current study offers the longest follow- up data 
of patients with CAA in the literature.

The role of DAPT and warfarin in patients with CAA 
is a topic of debate. Recent studies16–18 have shown that 
patients with CAA are at higher risk of MACCE compared 
with patients with control CAD. In our study, about 12% 
of patients presented with ACS (during the initial coro-
nary arteriography), which is a high- risk group for future 
thrombotic events (as confirmed by univariate regression), 
especially in the infarct- related artery. Previous authors 
suggested that patients with stent placement and CAA 
should be considered for long- term DAPT therapy.19 20 
Similarly, chronic anticoagulation to prevent downstream 
thromboembolism has been suggested by some studies, 
given the decreased coronary flow velocities in the aneu-
rysmal artery. Anticoagulation seems to be of benefit in 
patients with Kawasaki disease and giant aneurysms to 
prevent myocardial infarction and sudden death.10 21 In 
atherosclerotic aneurysms, however, the benefit of anti-
coagulation has not been evaluated. Some authors have 
suggested that given the natural history of atherosclerotic 
aneurysms, there is no convincing evidence to justify the 
risk of anticoagulation.22 However, recent studies have 
suggested an efficacious role of anticoagulation, espe-
cially in patients with aneurysm presenting with ST- eleva-
tion myocardial infarction and coronary aneurysms with 
multivessel disease.23 24

In the CAAR registry, 90.2%, 64.8% and 13.4% of 
patients were prescribed aspirin, DAPT and anticoagula-
tion at discharge, which we believe reflects contemporary 
practice.15 In our study, both Kaplan- Meier survival and 
Cox regression analyses showed no significant MACCE 
benefits for DAPT and warfarin alone or combined on 
long- term follow- up. Large- scale randomised trials are 
needed to validate our results in this high- risk population.

Limitations
Our study has the inherent limitations of a retrospective 
cohort study with regard to selection bias and immortal 
time bias. During the reading of coronary catheterisation 
reports, there might have been some interobserver vari-
ability in the measurement of the aneurysm size. Aiming 
at long- term follow- up, we retrieved the data for patients 
who were managed ≥15 years ago; therefore, the manage-
ment strategies in this study may not reflect contemporary 
practice. Further, we may not have captured all deaths. 
In addition, our study population consisted mainly of 
patients with CAD; therefore, the results regarding DAPT 
and oral anticoagulation may not be applicable to other 
causes of CAA such as Kawasaki disease and connective 
tissue disorders.
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Conclusion
CAA is often associated with CAD. Medical management, 
PCI and CABG are performed depending on the asso-
ciated coronary anatomy with the aneurysmal lesion. In 
the present study, data analysis showed similar long- term 
MACCE risks in patients with CAA undergoing medical, 
percutaneous and surgical management. These findings 
should be interpreted with caution considering the rela-
tively small size and the potential for selection bias in this 
retrospective study. In addition, we found that neither 
DAPT nor warfarin offers significant MACCE benefits on 
long- term follow- up. Large, comparative trials are needed 
to confirm our findings and optimise the management of 
these high- risk patients.
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