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Introduction
Since the Food and Drug Administration first approved the use of 

drug-eluting stents (DES) in May 2003, roughly eight million stents 

have been deployed worldwide and current projections indicate that 

by the end of 2010, greater than 4.5 million DES will be implanted 

per year1,2.

By releasing local anti-proliferative drugs and inhibiting neointi-

mal hyperplasia, DES have drastically reduced the rates of resteno-

sis compared with bare metal stents (BMS).1,2 However, the 

localised effects of DES lead to diversified remodelling of the ves-

sel wall including delayed re-endothelialisation, inflammatory 

changes of the medial wall, and hypersensitivity reactions3. The end 

result is vascular remodelling that can present along a wide spec-

trum from late acquired stent malapposition (LSM) to frank coro-

nary artery aneurysm formation3,4.

The development of coronary aneurysms from coronary stenting 

has previously been described with BMS, where aneurysm forma-

tion was linked to mechanical factors including stretch, stent frac-

ture and dissection5,6. However recently, there have been an 

increasing number of reports describing coronary aneurysm forma-

tion following placement of DES, suggesting a pathophysiologic 

link between DES and coronary aneurysm7,8.

The incidence, clinical presentation and implications associated 

with the development of coronary aneurysms (CA) following DES 

(DESCA) are not known. Our objective was to systematically 

review published literature for the incidence, clinical characteris-

tics, predictors, treatment and, outcomes of DESCA.

Methods
SEARCH STRATEGY

A literature search using PubMed, EMBASE, and Google Scholar 

was performed using the Medical Subject Heading (MeSH) terms 

“Coronary artery aneurysm,” “paclitaxel,” “sirolimus,” “everoli-

mus,” “zotarolimus,” and “drug-eluting stent” to identify case 

reports and case series. No language restriction was applied. Bibli-

ographies of relevant studies and the “related articles” link in Pub-

Med were used to identify additional studies. Published abstracts 

from annual meetings of the American College of Cardiology 

(ACC), American Heart Association (AHA), European Society of 

Cardiology (ESC), Transcatheter Therapeutics (TCT), Society of 

Coronary Angiography and Intervention (SCAI) and EuroPCR 

were also identified. Reference lists of review articles and cited 

articles were used to locate additional studies. The following jour-

nals were hand-searched from January 2002 to October 2010: 

Heart, Journal of the American College of Cardiology, American 

Journal of Cardiology, American Heart Journal, Circulation, Hyper-

tension, Circulation Research, European Heart Journal, Journal of 

Invasive Cardiology, and Journal of Interventional Cardiology.
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STUDY SELECTION

Randomised DES trials comparing DES vs. BMS were reviewed 

for reports of DESCA, which was defined as dilation of the coro-

nary artery that exceeded 1.5 times the reference diameter of the 

adjacent angiographically normal coronary segment. This defini-

tion differed from the 1.2 times dilation used in the clinical trials. 

DES for treatment of de novo coronary artery aneurysms and non-

coronary aneurysms were excluded.

DATA EXTRACTION

Studies were selected and data were extracted independently by two 

reviewers (A.H. and K.K.). Disagreements were resolved by consen-

sus. The studies were evaluated carefully for duplicate or overlapping 

data. Reports from collaborating groups were cross-referenced to 

avoid counting the same case more than once. Information on age, 

gender, initial indication for percutaneous coronary intervention 

(PCI), type and number of stents deployed, presenting symptoms 

leading to CA detection, length of time from DES to CA, location of 

aneurysm, use of IVUS to confirm aneurysm, and treatment regimens 

were recorded. Authors of the published manuscripts/abstracts were 

contacted for additional data regarding their patients. In addition to 

the number of participating patients, we recorded the following clini-

cal and angiographic characteristics: age, gender, diabetes mellitus, 

and hypertension. Time duration between index angiography and 

follow-up angiography on which DESCA was diagnosed were 

recorded as well as clinical follow-up rates. Raw data obtained from 

source information of the individual studies were used for all analy-

ses. Guidelines of the Cochrane Handbook for Systematic Reviews 

5.0.1 were followed for our meta-analysis9.

STATISTICAL ANALYSIS

Risk ratios (RR) with 95% confidence intervals (CI) were com-

puted as summary statistics. Categorical variables were reported as 

percentages and continuous variables were presented as means 

±standard deviation. The pooled RR was calculated with the DerSi-

monian-Laird method for random effects.10 To assess heterogeneity 

across trials, we used the Cochran Q-test based on the pooled RR by 

Mantel-Haenszel. Heterogeneity was also assessed by means of the 

I2 statistic as proposed by Higgins et al (determining the variance 

across groups as a result of heterogeneity instead of chance).11 

Results were considered statistically significant at p<0.05. Statisti-

cal analyses were performed using Revman software version 5.0.17 

(The Nordic Cochrane Centre, The Cochrane Collaboration, 

Copenhagen, Denmark).9

RESULTS

The results of our search strategy are summarised in the flow diagram 

(Figure 1). We identified 35 case reports7,8,12-44 and five case series45-48,60 

describing 51 cases of DESCA. There were six reports of mycotic /

infectious aneurysms49-54. A search of the outcome registry data yielded 

eight studies describing 200 cases of DESCA55-62. Finally, 22 cases of 

DESCA were reported as adverse events in 11 clinical trials63-71.

RANDOMISED TRIAL DATA (TABLE 1, FIGURE 2)63-71

Landmark clinical trials evaluating the safety and efficacy of DES 

vs. BMS were individually reviewed for assessment of coronary 

aneurysm as an endpoint. Using this criterion, 11 clinical trials 

reporting 22 cases of DESCA during an angiographic follow-up of 

six to nine months were found63-71.

Figure 1. QUORUM diagram. 

266 studies identified 
by search strategy

11 clinical trials
N=22

Clinical trial dataOutcome registry dataReports/Series

65 studies with 
297cases of DESCA

201 studies excluded*

8 clinical registries
N=200

5 case series
N=34

35 case reports
N=35

6 case reports of 
mycotic aneurysm N=6

*Studies were excluded primarily due to non-DES-related aneurysms and ineligible patient populations. 
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In the TAXUS II63 trial, a total of eight DESCA were identified 

by coronary angiography (three in the TAXUS-slow-release (SR) 

group, one in the SR control group, one in the TAXUS-moderate-

release (MR) group, and three in the MR control group). Differences 

in aneurysm rates between TAXUS and control groups were not 

significant, and aneurysm formation was not correlated with 

adverse clinical events. In the TAXUS V65 randomised trial com-

paring SR PES to BMS, a trend toward greater late-acquired aneu-

rysm formation was seen in patients who received PES (1.4% with 

PES compared to 0.2% with BMS) but this did not approach statis-

tical significance (p=0.07). In the TAXUS VI trial66 assessing clini-

cal and angiographic outcomes of the TAXUS MR stent in the 

treatment of long, complex coronary artery lesions, 9-month angio-

graphic follow-up showed 1.4% of patients in the Taxus group 

developed coronary aneurysms compared to 0.5% in BMS (p=0.62). 

In the SIRIUS trial67, there was no statistical difference in the inci-

dence of aneurysm formation in the SES group (1.1%) compared to 

BMS (0.65%). In the trials of ZES 68 and EES69,70, there were no 

DESCA reported in either DES or BMS groups.

Using a random effects analytic model (Figure 2), the incidence 

of CA in DES was 0.6% vs. 0.5% in the BMS group amongst 5,929 

patients translating into a relative risk of (RR) 1.02 (95% CI 0.38-

2.69; p=0.98). There was mild heterogeneity amongst trial with 

respect to formation of coronary aneurysms between the trials.

(I²=39%; p=0.13).

CLINICAL REGISTRY DATA (“REAL WORLD”)55-62

Data were available from eight clinical registries involving 10,355 

patients who underwent DES implantation55-62. DESCA occurred in 

200 patients translating into a pooled weighted mean incidence of 

1.9 % (95%CI 1.2%-2.9%) during a mean follow-up of 6- to 

9-months in the clinical registry data. Eighty-two percent (82%) of 

Table 1. Incidence of coronary aneurysms in landmark DES trials.

Trial N DES Control FU (months) Aneurysm in DES Aneurysm in control

TAXUS II63 536 SR/MR PES BMS 6 4 (1.50%) 4 (1.48%)

TAXUS VI66 448 MR PES BMS 9 3 (1.43%) 1 (0.04%)

TAXUS IV64 559 PES BMS 9 2 (0.68%) 2 (0.74%)

SIRIUS67 701 SES BMS 8 4 (1.1%) 2 (0.6%)

TAXUS V65 1156 PES BMS 9 8 (1.4%) 1 (0.2%)

ENDEAVOR68 1197 ZES BMS 6 0 0

SPIRIT III69 1002 EES PES 8 0 0

FUTURE I&II70 106 EES BMS 6 0 0

HORIZONS AMI71 423 PES BMS 13 2/319 (0.6%) 3/104 (2.8%)

DES: drug-eluting stent; BMS: bare metal stent; EES: everolimus-eluting stent; SES: sirolimus-eluting stent; PES: paclitaxel-eluting stent; 
ZES: zotarolimus-eluting stent; MR: moderate release; SR: slow release

Figure 2. Forest plot of risk of DESCA in DES vs. BMS.

 DES BMS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M H, Random, 95% CI Year M-H, Random, 95% CI

TAXUS II SR 3 131 1 136 12.4% 3.11 [0.33, 29.56] 2003
TAXUS II MR 1 135 3 134 12.4% 0.33 [0.03, 3.14] 2003
TAXUS IV 2 292 2 267 14.9% 0.91 [0.13, 6.45] 2004
SIRIUS 2 350 4 351 17.5% 0.50 [0.09, 2.72] 2004
TAXUS V 7 498 1 492 13.7% 6.92 [0.85, 56.00] 2005
TAXUS VI 3 209 1 207 12.4% 2.97 [0.31, 28.33] 2005
FUTURE I 0 27 0 15  Not estimable 2005
SPIRIT III 0 669 0 332  Not estimable 2006
ENDEAVOR II 0 598 0 599  Not estimable 2006
FUTURE II 0 44 0 20  Not estimable 2006
HORIZONS AMI 2 319 3 104 16.6% 0.22 [0.04.1.28] 2008

Total (95% CI) 3272 2657 100.0% 1.02 [0.30, 2.69]

Total events 20 15
Heterogeneity: Tau2=0.66; Chi2=9.77, df= 6 (P=0.13); I2=39%
Test for overall effect: Z=0.03 (P=0.98) 0.01 0.1 1  10 100
 Favours DES Favours BMS
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these were in segments with SES and 18% in segments with PES. 

The percentage of SES vs. PES treated sites that developed an 

aneurysm was similar (Table 2). Thirty-four (34) patients (17%) 

had events (including death, MI or TLR) during the 6-13 months 

follow-up. There were nine cases (4.5%) of stent thrombosis during 

follow-up. Aneurysms appeared to occur more frequently in B2 and 

C type lesions than in types A and B155-57. Additionally, chronic total 

occlusion lesions and stenting in the setting of acute MI appeared to 

be independent predictors of aneurysm development.58-61

PATIENT LEVEL DATA FROM PUBLISHED REPORTS7,8,12-44 

AND CASE SERIES45-48,60

There were 35 case reports 7,8,12-44 (N=35) and five case series 

45-48,60 (N=34) including a total of 69 patients on whom patient 

level data was available (Table 3). Characteristics of patients included 

in these reports are summarised in the table. Mean age was 

55±10 years, with 69% male. The indication for DES placement 

included acute coronary syndrome (unstable angina/NSTEMI) in 

44%, stable angina in 32%, and STEMI in 22% and abnormal stress 

test in 2%. Five patients (7%) died during the acute presentation dur-

ing the index hospitalisation. Mean duration between DES implanta-

tion and CA was 14.2+13.7 months (95% CI 11-17.5 months).

In the case reports and case series, DESCA was seen 67% of the 

time in the LAD, 25% in the RCA, 12.5% in the left circumflex, 

1.5% in the ramus, and 1.5% in the left main. Sixty-three percent 

(63%) of the reported DESCA was from SES, 34% from PES, 1.5% 

from ZES, and 1.5% EES. In 34 (49%) patients the diagnosis of 

DESCA was confirmed with IVUS. Kaplan Meyer survival analy-

sis based on DES type did not demonstrate any significant differ-

ence between SES and PES in relation to time to development of 

DESCA (log rank p=0.34).

The clinical presentation of DESCA in these patients included 

acute MI in 20.5%, 16% presented with unstable angina (36.5% 

ACS) and 26% with stable anginal symptoms. Twenty-two (32%) 

patients underwent CABG with aneurysm excision/repair and in 

five patients evidence of intense inflammation was reported on sur-

gical pathology. Three patients (8%) were treated with repeat PCI, 

one patient (2%) was treated with coil embolisation, and 33 (48.5%) 

patients were managed conservatively with dual antiplatelet ther-

apy of which three CA subsequently resolved on follow-up angiog-

raphy. Five patients (7%) died suddenly after presenting with 

NSTEMI before definitive treatment could be provided.

When adequate clinical data was available from case reports and 

series (69 patients), we used the classification scheme proposed by 

Aoki et al72 to categorise DESCA into three types (Table 4). Our 

search revealed six reports of mycotic aneurysms49-54. Mean age 

was 60±11 years. All the six (100%) were males. Four SES and 

three PES were used to cover six lesions. All patients presented 

with recurrent fevers and ACS. Three patients had pre-existing 

CKD and diabetes, and two patients had formation of intra-cardiac 

fistulae. Median duration between implantation and clinical presen-

tation was two months (two days – four months). All patients had 

positive blood cultures for Staphylococcus aureus. Four out of six 

patients (67%) had pathological confirmation of mycotic aneu-

rysms. Five out of six patients were treated with surgical excision 

with bypass grafting. There were two deaths (33%).

Table 2. Clinical registry data.

Study Incidence
Age

(Years)
Sex Presentation

Definition 
(reference)

Stent type Predictors of DESCA Treatment / Outcomes

Rha 200555 1.7% (5/296) 55.8±8.1 4M
1F

6 month 
angiography

NR 4 SES
1 PES

Type C Lesion No events till 6 months FU

Rha 200656 3 % ( 19/614) 61.6±10 16M
3F

6 month 
angiography

NR SES (20),
PES (10)

NR No events till 6 months FU

Ahn 200757 1.4 % ( 8/1339) 58.8±8.95 10M
8F

6-9 month 
angiography

>1.5 times SES (17/2602) 
PES (5/804)

Type C and B2 lesions 15 patients medical FU 2
PCI for LST, 1 CABG

Yu 200758 3.4 % ( 29/844) NA NA 6 months NA SES (19/734)
PES (12/342)

DES in STEMI and CTO 1 LST

Kim 200759 1 % (11/923) 59.3±3.1 6M
5F

6 months >1.5 times 8 SES
3 PES

ACS Type C and B2 
lesions

No events till 6 months FU

Alfonso 200960 1.25% (15/1197) 58±11 12M
3F

10 months >1.5 times 10 PES
5 SES

DES in STEMI and CTO 
Long DES
Multiple DES
Residual dissections 

13 months FU, one ST leading 
to death, 50% patients had 
an Event (death, MI,TLR) free 
survival at one year

Kim 201061 1.7% (35/2011) 65±9 19M
16F

6-9 month 
angiography

>1.5 times 33 SES
2 PES

DES in STEMI and CTO 
Long DES(>33 mm)
LAD

NR

Imai 201062 2.2% (68/3131) NA NA 14 months >1.2 times 68 SES ST = 5 patients (7.3%) 
TLR = 17patients (25%)
SF = 27 patients (39%)

Pooled estimate of incidence 1.9 %( 95%CI 1.2%%-2.9%)

NA: not available; ACS: acute coronary syndrome; CTO: chronic total occlusion; FU: follow-up; ST stent thrombosis; TLR: target lesion revascularisation; SF: stent fracture; DES: drug-eluting stent; 

STEMI: ST-elevation myocardial infarction; BMS: bare metal stent; LST: late stent thrombosis; MI: myocardial infarction
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Table 3. Patient level data.

Case reports

Study Age Sex Stents Type
Indication

for PCI

Duration 

(months)
Location IVUS Presentation Treatment / Outcome 

Virmani 200410 58 M 2 S UA 18 Cx Y NSTEMI SCD

Stabile 200411 52 F 1 S NSTEMI 7 LAD Y NSTEMI PCI with BMS

Vik Mo 200412 43 M 1 P SA 6 RCA Y Follow-up Covered stent

Abreu 200513 52 M 1 S NSTEMI 17 OM1 NSTEMI Conservative

Panja 200514 58 M 1 S SA 1 LAD Angina CABG with repair

Kaul 200515 75 F 1 S ACS 6 LAD Angina CABG

Anandraja 200616 45 F 1 P SA 6 LAD UA Conservative

Latchmandas 200617 59 M 2 P MI 1 LAD Y Staged PCI Conservative

Nilsen 200618 55 F 1 P SA 2 LAD Follow-up Conservative

Harish 200719 56 M 1 S MI 24 LAD Conservative

Kim 200620 54 F 1 P SA 6 LAD Follow-up Conservative

Al Mutairi 200721 55 F 1 S UA 12 LAD Y Positive stress CABG

Gomez 200722 67 M 2 S UA 48 LAD, RCA Y Angina CABG

Jindal 200723 66 M 3 2S, 1P UA 6 LAD Angina CABG with repair

Zhang 200724 44 M 3 P SA 1 LAD Staged PCI Conservative

Vaknin-Assa 200725 59 M 1 S Positive stress 20 RCA STEMI CABG with repair

Papafaklis 200726 60 M 1 P SA 2.5 RCA Y Positive stress Conservative

Aziz 200727 70 F 2 S NSTEMI 26 LAD Y STEMI PCI with BMS

Luthra 200728 50 M 1 S STEMI 48 LAD Angina CABG with repair

Ruiz-Nodar 200729 60 M 2 P NSTEMI 5 LAD, RI Y Angina Conservative

Yamen 200730 43 F 1 P SA 2 LAD Y Follow-up Conservative

Gurvitch 200731 50 M 3 2S, 1P UA 1 LAD, RCA Y Staged PCI Conservative

Wang 200832 71 F 1 P NSTEMI 9 RCA Angina CABG without repair

Park 200733 55 F 1 P NSTEMI 7 LAD Y Follow-up Conservative

Okamura 200834 75 F 1 S SA 8 RCA Y Angina Coated stent

Zbinden 200835 55 M 3 E STEMI 3 OM2, rPDA Y Follow-up Re-dilation of stent, life long 
ASA, Plavix

Kim 200936 55 M 2 S UA 12 RCA,Cx UA CABG

Subraminian 200937 65 F 1 p UA 36 LAD N Angina CABG

Lanjewar 200938 56 M 1 S ACS 6 RCA Y Angina PCI with BMS

Lee 200939 42 M 3 S, P, Z STEMI 6 RCA, Cx, LAD N Angina Conservative

Xie 200940 53 M 2 S STEMI 29 Cx N STEMI/ST PCI with BMS/death 6 hours later

Ovunc 201041 61 M 1 S SA 51 LAD, Diag N Angina Conservative

Min 200942 49 M 3 S STEMI 52 LAD Y STEMI/ST PCI with DES

Seol 200943 55 M 2 S STEMI 34 LAD Y STEMI/ST PCI with DES

Eshima 200944 77 F 2 S UA 8 LAD Y ACS Conservative

Case series

Gupta 200645 (2 patients) 55 M 2 S MI 15 days LAD Tamponade CABG with repair

32 M 2 S SA 2 days LAD NSTEMI CABG with repair

Bavry 200746 (4 patients) 49 F 1 S NA 19 LAD CABG with repair

44 M 2 P NA 21 LAD Coiling

45 M 1 P NA 6 RCA Conservative

49 F 1 S NA 10 LM Y Conservative

Minocha 200747 (9 patients) 50.1 
±15

8M, 
1F

9* S (9/9) NA 17.8±13.4 9 LAD
2 RCA

4 UA
4 MI
1 Fever

5 CABG w/ repair,
2 medical follow-up,
2 SCDs

Kachru 200548 (4 patients) 4 3S 1P NA 2 wks(2)
6 mo (1)
18 mo(1)

2 ACS;
1 Angina
1 Follow-up

3 CABG w/ repair,
1 follow-up

Alfonso 200949 (15 patients) 57±11 12M,
3F

15 5S,
8P

7 STEMI
4 UA
4 SA

14±9 11 LAD
2 LCx
2 RCA

Y 6 ACS
9 ASX

1 death

S: sirolimus-eluting stent; P: paclitaxel-eluting stent; Z: zotarolimus-eluting stent; UA: unstable angina, NSTEMI: non-ST-elevated myocardial infarct, 
SA: stable angina, MI: myocardial infarction
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Discussion
Reports of coronary aneurysms following DES placements have 

been increasing and are seen not uncommonly in routine clinical 

practice. Because DES are the most commonly utilised stents in 

clinical practice it becomes important to identify the incidence, risk 

factors and natural history of this iatrogenic disease. Our systematic 

review provides the best available synthesis of available evidence 

in this regard.

INCIDENCE

In the pre DES era, the incidence of coronary aneurysms ranged 

from 1.4-4.9%6,73-75. In the present review, the incidence of DESCA 

ranged from 1-3.4% in clinical registries to 0.7-1.4% in clinical tri-

als. However, interpreting the accuracy of these values is fraught 

with difficulty. Firstly, in the studies we examined, the definition of 

CA was variable. The DES trials defined CA as a 20 % increase in 

vessel diameter compared to the standard definition of 50% used in 

the case reports and case series .Secondly, the reported incidence of 

DESCA in clinical trials and registries is based on “early” angio-

graphic follow-up at 6-9 months. It is still unknown if late aneu-

rysm formation occurs more frequently. Moreover, the diagnosis of 

CA in many studies was made by coronary angiography, which is 

merely a “luminogram” and cannot reliably discern vascular 

remodelling, LST, or fracture. Unlike IVUS examination, standard 

angiography cannot distinguish between aneurysms and pseudo-

aneurysms or compare overlapping versus non-overlapping 

stents77-79. In our review, only 34 out of the 69 cases (49%) of 

DESCA were confirmed with IVUS evaluation. The importance of 

IVUS examination in clarifying the morphology of CA was demon-

strated by Maehara et al80 who found that only one-third of the 

angiographically diagnosed aneurysms in 77 consecutive patients 

had the IVUS appearance of a true or pseudoaneurysm. Instead, 

most angiographically diagnosed aneurysms had the morphology 

of complex plaques or normal segments with adjacent stenosis. 

Lastly, in many landmark DES trials there was simply no mention 

of the incidence of DESCA. These factors further complicate the 

issue of “true” incidence of DESCA. However, based on our meta-

analysis, the weighted pooled incidence appears to be in the order 

of 0.6% (95% CI 0.4%-0.9%) [RCTs] to 1.9 % ( 95% CI 1.2%%-

2.9%) [registries] at a mean follow-up of nine months.

CLASSIFICATION

In an attempt to organise DESCA into various categories, a novel clas-

sification system has been proposed by Aoki et al72 (Table 4) that char-

acterises coronary aneurysms based on aetiology and clinical course. 

Type I DESCA occur immediately (within one month) of stent place-

ment. Pathophysiology is similar to that seen in early reports involving 

BMS with arterial injury from mechanical factors such as stretching, 

stent fracture, dissection, and haematoma4-7. Type II DESCA occurs 

sub acutely, usually from 6-9 months, and is felt to be secondary to 

arterial wall response to the DES. Specific to DES, this was the most 

common type of aneurysm in the reported series and clinical trials. 

Type III DESCA refers to infectious mycotic aneurysms.

PATHOPHYSIOLOGY OF TYPE II DESCA

Several features unique to DES have been proposed to contribute to 

the formation of CA late after implantation. Both sirolimus and 

paclitaxel are potent anti-mitotic agents which inhibit cell cycle 

progression and thereby inhibit neo-intimal hyperplasia. However, 

it is this same anti-proliferative effect which has been proposed as 

increasing the risk of CA3,5,10. In fact, Rab et al5 reported that using 

anti-inflammatory agents such as glucocorticoids and colchicine 

after stent placement could increase the risk of CA. Within this 

model, the inhibition of neointimal proliferation and delay in inti-

mal healing may lead to weakening of the arterial wall and thus 

aneurysm formation. Pathologic analysis of aneurysms revealing 

intense eosinophilia with a dominant T-lymphocytic infiltrate sug-

gests that localised hypersensitivity may lead to aneurysm forma-

tion. First reported by Virmani et al, localised inflammation at 

aneurysm sites has also been noted in other case reports10,15,28,45,46. 

Among the three components of DES –metal, polymers, and drug– 

non-erodible polymers have been proposed as antigenic stimuli. 

Due to the paucity of data involving eosinophilic infiltrates caused 

by BMS and pharmacokinetic data revealing undetectable siroli-

mus levels within the arterial wall after 60 days, Virmani et al7 pro-

posed that non-erodible polymers such as polyethylene-vinyl 

acetate and poly-n-butyl methacrylate serve as the key players 

inciting this inflammatory response. In sensitive patients, the 

intense eosinophilic infiltration would lead to vessel wall remodel-

ling, destruction of the medial wall, and aneurysm formation3,10. 

Zbinden et al35 recently reported the first case of CA with EES. 

They found that even with second-generation DES which have 

a more biocompatible polymer, there can be adverse reactions to the 

polymer and/or to the drug, leading to aneurysm formation with 

possible late stent thrombosis.

CLINICAL PRESENTATION AND OUTCOMES

As summarised in this study, CA have varied clinical presentations. 

In the case reports and series of CA associated with DES place-

ment, 62.5% of the 69 patients presented with ACS or angina, and 

Table 4. Classification of DES associated CAA by Aoki et al72.

Type Definition Pathophysiology Presentation # Reported

I Acute “pseudo-aneurysm” Mechanical factors related to PCI <4 weeks, ACS 8

II Sub-acute / Chronic Arterial wall response to stent Variable 61 (+ majority of cases in clinical 
registries and trials)

III Mycotic / Infectious Infection (S Aureus) Fevers, ACS, CHF 6
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there were five cases (7%) of cardiac death during the index hospi-

talisation. In contrast, in registries55,56,58 and clinical trials63-71 there 

was not an increased risk of major adverse cardiovascular endpoints 

(MACE) in patients with DESCA, similar to pre-DES data.6,74

RISK FACTORS

Among various clinical predictors studied, DES for CTO, complex 

lesions (Type B and C2)55,57 and stenting in primary PCI appear to 

portend an increased risk for CA formation58-61. In their study evalu-

ating the efficacy of PES in CTO lesions, Werner et al found that in 

three of 48 patients (6%), there was a moderate increase of luminal 

diameter at 6-month angiographic follow-up. The increase in lumen 

size did not reach angiographic criteria for CA; however, they did 

not perform IVUS, which could have better clarified the 

morphology87.

IMPLICATIONS

Reports regarding DESCA are still emerging, but our systematic 

review of the available evidence suggests that CA may not be just a 

sporadic but a systemic problem with DES. While the pooled inci-

dence in our systematic review has been between 0.6%-1.9% this 

value takes on added significance when seen in the larger context of 

the over 2.5 million PCIs every year and the over nine million DES 

that have been deployed since 2003. Another notable finding in our 

search was the number of cases of DESCA seen in East Asian and 

South Asian populations, suggesting possible racial and ethnic dif-

ferences in vascular response to DES implantation. This apparent 

increased number may be secondary to the higher prevalence of 

prior Kawasaki’s disease in Asians with resultant intrinsic changes 

in coronary vasculature.88

There are no clear guidelines in the treatment of DESCA – vari-

ous methods employed in case reports include observation, dual 

antiplatelet therapy, coiling, and surgical excision. One study 

reported use of a pericardial patch to repair a coronary aneurysm28.

Aoki and colleagues72, proposed “individualised” therapy, using a 

combination of aneurysm size, expansion history, pathophysiology, 

and symptoms to decide which therapy alternatives to apply, if any. 

This approach is both reasonable and necessary without trial data to 

guide CA management for Type I&II. DESCA appears to predispose to 

stent thrombosis and it appears reasonable to suggest long-term and 

perhaps indefinite DAPT in such patients. Importantly, every effort 

should be made to further define aneurysmal segments using IVUS.

Owing to the catastrophic consequences of DES infection, a high 

index of suspicion is warranted. In this setting, immediate confir-

mation of diagnosis, either by invasive or non-invasive techniques, 

and an urgent aggressive management is required. Therefore, if an 

infected Type III coronary aneurysm is detected, prompt surgical 

excision of the stent and debridement of infected tissues is recom-

mended to minimise the risk of rupture, cardiac tamponade and 

sudden death.

Optimal patient selection and stent size for DES as well as ensur-

ing appropriate stent apposition at the time of deployment all could 

potentially curtail the risk of DESCA. Additionally, if patients are 

found to have diseased segments of the coronary vasculature that 

are ecstatic or aneurismal, it would be advisable to not use DES 

under those circumstances.

Limitations
Our systematic review has several limitations, fundamentally those 

inherent to primary studies. As CA has recently been recognised as 

a potential complication of DES, literature is limited and very het-

erogeneous. Although every effort was made to gather as much 

information about cases and studies, data was incomplete and hence 

meaningful statistical inferences could not be drawn. Biased selec-

tion of reported patients was very likely in our case reports. Moreo-

ver, only 33% of case reports confirmed aneurysm formation with 

IVUS examination. There was no standardised definition of CA. 

Moreover, most of the landmark clinical trials did not even mention 

coronary aneurysm let alone set it as a pre-specified endpoint.

Conclusions
This study demonstrates that coronary artery aneurysms after DES 

implantation are a relatively rare complication with variable clini-

cal outcomes; however, when put into the context of several million 

such stents being placed annually, the clinical and economic impact 

becomes substantial. Systematic evaluation of DESCA including 

potential mechanisms, long-term risk, and appropriate management 

still need investigation. A standardised definition of and diagnostic 

approach to CA, including IVUS confirmation, is needed. A thor-

ough review of major DES trials with careful long-term follow-up 

of patients receiving DES is also warranted.
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