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Transcatheter 
Coil Embolization
in 17 Patients with 22 
Coronary Artery Fistulas

Coronary artery fistulas are rare anomalies that often become symptomatic with age. They 
are typically diagnosed incidentally during coronary angiography. The chief nonsurgical 
treatment is transcatheter coil embolization. We evaluated the outcomes of this procedure 
in 17 symptomatic patients who had 22 fistulas in total.

The 9 men and 8 women (mean age, 52 ± 16.5 yr; range, 27–74 yr) presented at 4 
Turkish hospitals from October 2008 through March 2015. Three patients had multiple 
fistulas. Twelve fistulas originated from the right coronary artery and 10 from the left coro-
nary artery, draining into the pulmonary artery in 18 instances. We evaluated results post-
procedurally and after 2 to 5 months, defining angiographic success as a flow better than 
Thrombolysis in Myocardial Infarction grade 2 in the treated artery.

Twenty-one of the 22 procedures immediately produced the targeted flow. We observed 
2 minor and no major complications. On follow-up, 3 symptomatic patients under went suc-
cessful repeat treatment of one fistula each. We found that transcatheter coil embolization 
afforded good success rates with few complications in closing coronary artery fistulas. We 
share our experience to add to the data on treating patients with coronary artery fistulas, 
and to raise awareness among clinicians. (Tex Heart Inst J 2020;47(2):135-9)

C oronary artery fistulas (CAFs), first described by Krause1 in 1865, are created 
when a coronary artery abnormally ends in a cardiac chamber, the pulmonary 
artery (PA), or a systemic vein. Their frequency ranges from 0.05% to 0.25% 

in angiographic series,2 and their prevalence in the general population is approximately 
0.002%.3

 Most CAFs are congenital; however, they can develop after trauma or procedures 
such as ablation,4 coronary artery bypass grafting,5 or stent implantation.6 In 50% of 
cases, the CAF originates from the right coronary artery (RCA); in 42%, from the left 
coronary artery; and in 5%, from both.2 Fistulas typically drain into the right-sided 
cardiac chambers or the PA.7
 Whether coronary steal causes ischemic symptoms in CAF has been debated.8 Ex-
cept for a continuous murmur, hemodynamically small f istulas can be silent until 
patients age or a fistula expands with an increased left-to-right shunt ratio; in either 
circumstance, dyspnea or angina may be reported.2 Ruptured CAFs may lead to myo-
cardial ischemia, infective endocarditis, pulmonary hypertension, or sudden death.9
 Most CAFs are discovered incidentally during coronary angiography, and even 
more are revealed on computed tomographic (CT) angiograms.8 Results of exercise 
tests, stress echocardiography, and myocardial perfusion scintigraphy help to deter-
mine decreases in coronary flow.9 Echocardiography is useful for identifying related 
hemo dynamic changes, shunt ratios, concomitant congenital anomalies, and possible 
ischemic complications.10 High-resolution multislice CT reveals a fistula’s course and 
drainage region.10

 Percutaneous closure or surgical ligation can prevent fistula-related complications 
and alleviate symptoms.2 Small and medium-sized fistulas are typically accessible and 
are candidates for percutaneous closure when they originate as a single root from a 
proximal arterial segment and drain into one narrow area.11 The predominant per-
cutaneous closure method is transcatheter coil embolization (TCE) (Fig. 1); closure 
devices may also be used,11 and stent-grafts may suffice when a coronary lesion and 
fistula occupy the same arterial segment.12 Surgical ligation is preferable when fistulas 
are tortuous, aneurysmal, or complex, or when patients need other coronary surgery.13

 We studied 17 patients diagnosed with CAF. We noted the characteristics of the 
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fistulas and evaluated the postprocedural and short-term 
outcomes of TCE. We present our findings to raise 
awareness about the topic.

Patients and Methods

We retrospectively evaluated 22 TCE treatments of 
CAF in 9 men and 8 women (mean age, 52 ± 16.5 yr; 
range, 27–74 yr) at 4 Turkish hospitals from October 
2008 through March 2015.
 From hospital records, we obtained the patients’ demo-
graphic characteristics, symptoms, lengths of hospital 
stay, and procedural complications. For each CAF, we 
recorded the arterial segment (proximal, mid, or distal) 
where it originated and its diameter at the proximal and 
distal point of origination, the largest width of the CAF, 
and the regions where coils were placed. (Because TCE 
was performed in different centers at different times, we 
did not evaluate brands or types of microcatheters or 
coils.) We considered TCE successful when flow was 
Thrombolysis in Myocardial Infarction (TIMI) grade 1 
or better, and unsuccessful when flow was TIMI grade 
2 or worse.14

 All patients provided written informed consent for the 
study, which conformed with institutional and national 
ethical standards and the Declaration of Helsinki.
 Statistical Analysis. We used SPSS 15.0 (SPSS, an IBM 
company) for statistical analysis. Variables with normal 
distribution were expressed as mean ± SD.

Results

The main symptoms at presentation were chest pain and 
dyspnea. Seven patients (41%) had hypertension. Angio-

grams showed critical coronary artery stenosis (>50%) in 
3 patients (18%). Effort stress testing, myocardial scin-
tigraphy, or both revealed ischemia in 9 patients (53%). 
One patient was scheduled for TCE because a fistula 
had developed after a surgical ligation.
 The 17 patients had 22 CAFs (Table I); 14 had only 
one. One patient had 2 CAFs; 2 patients each had 3 
CAFs (Fig. 2). Twelve CAFs (55%) originated from the 
RCA, 7 (32%) from the left anterior descending coro-
nary artery (LAD), and 3 (14%) from the left circum-
flex coronary artery. Eighteen CAFs (82%) drained into 
the PA.
 The f istulas most often originated from proximal 
arterial segments. Those arteries had larger diameters 
proximal to the fistulas than distal to them (mean, 3.62 
± 0.5 vs 3.1 ± 0.42 mm). The largest fistula’s diameter 
was 3.5 mm (total mean diameter, 2.17 ± 0.67 mm), and 
the mean diameter of the segments where coils were im-
planted was 1.74 ± 0.45 mm. Up to 5 coils were used per 
CAF and up to 8 per patient (mean, 2.26 ± 0.99 coils).
 The postprocedural success rate for TCE was 95% 
(21 of 22 CAFs). The failed procedure left symptom-
atic residual shunting with TIMI grade 2 flow, and that 
patient underwent successful repeat TCE. All patients 
survived without stroke, myocardial infarction, major 
bleeding, or transient ischemia or arrhythmias. Two 
patients had minor procedural complications (12%): 
one was allergic to the contrast medium15; another had 
a hematoma (<5 cm) at the intervention site,16 which 
was controlled with compression during the procedure. 
Coil embolization outside a fistula, the chief technical 
complication of TCE,17 did not occur. The mean post-
procedural hospital stay was 1.5 ± 0.7 d.

Fig. 1  Patient 9. Representative angiograms show A) a fistula originating from the left anterior descending coronary artery and 
B) successful closure after transcatheter coil embolization.
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 Within 2 to 5 months (mean, 3.5 ± 1.4 mo), all pa-
tients underwent follow-up angiographic evaluation. 
Three had symptomatic residual shunting with TIMI-2 
flow and underwent TCE again in one CAF each, with 
good results. The overall short-term procedural success 
rate was 86% (18 of 21).
 The rate of procedural failure was too low for statistical 
comparisons in terms of the other variables evaluated, so 
we present only our numerical and observational results.

Discussion

Our patient population was similar to those in other 
reports.18 Diagnoses of CAF were distributed almost 
equally between women (47%) and men (53%). Fistulas 
typically become symptomatic in individuals who are 
50 years of age,19 as was the case in 10 of our patients. 

More than 90% of the CAFs originated from the proxi-
mal RCA or LAD,2,20 and 82% drained into the PA, 
consistent with a 90.9% PA drainage rate reported in 
19,584 people after CT study.18

 The success rates of TCE typically exceed 95%.21 Our 
success rate was 95% postprocedurally in 22 CAFs and 
86% on follow-up in 21 CAFs. The only 2 procedural 
complications were minor.
 Patients in whom TCE failed remained symptomatic 
or reported symptoms later. The reasons for failure were 
not consistent. However, some factors may have affected 
the outcome, such as wide fistula diameter, anatomic 
complexity of the ostium, diff iculty in microcatheter 
manipulation, inappropriate coil diameter, and insuf-
ficient technical knowledge.
 In most CAFs, a single artery of origination is identi-
fied. In 10% to 16% of cases, multiple complex feeding 

TABLE I. Characteristics of the 17 Patients with 22 Coronary Artery Fistulas

CAF Features TIMI Grade

Pt.
Age (yr), 
Sex

Presenting 
Symptom(s) No. Course

Max. 
Diam. (mm)

No. of 
Coils

After 
Procedure Follow-Up

1 65, M Chest pain 1 RCA–PA 2.5 2 1 1

2 51, M Chest pain and dyspnea 1 RCA–PA 2.7 3 0 0

3 55, F Chest pain and dyspnea 1 LCx–PA 2.0 2 0 0

4 54, M Fatigue 1 LAD–RA 2.8 3 1 1

5 48, F Dyspnea 1 RCA–PA 2.1 2 0 0

6 65, M Dyspnea 1 LAD–PA 1.8 2 0 0

7a 56, F Chest pain and dyspnea 2 RCA–PA

LAD–PA

3.3

2.7

3

2

0

0

0

0

8b 40, M Chest pain 1 LAD–PA 1.3 2 2 2

9 74, F Chest pain 1 LAD–PA 1.5 1 0 0

10 43, M Fatigue 1 RCA–PA 1.4 2 0 0

11 59, M Chest pain 1 RCA–PA 2.4 2 1 0

12 74, F Dyspnea 1 LCx–PA 1.5 1 1 2

13 60, F Chest pain 3 RCA–PA

RCA–PA

RCA–PA

2.5

2.1

1.8

3

2

1

1

0

0

0

0

0

14 32, F Dyspnea 1 RCA–RA 1.5 1 0 0

15c 27, M Chest pain 1 LAD–PA 3.5 5 0 0

16 49, F Chest pain 1 LAD–PA 2.0 3 0 0

17 33, M Chest pain and dyspnea 3 RCA–RA

RCA–RA

LCx–PA

1.9

1.7

2.7

3

2

3

1

0

0

0

0

2

CAF = coronary artery fistula; F = female; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; 
M = male; Max. Diam. = maximal diameter; PA = pulmonary artery; Pt = patient; RA = right atrium; RCA = right coronary artery; 
TIMI = Thrombolysis In Myocardial Infarction 
 
a Patient 7 had a minor hematoma. 
 
b Patient 8 underwent successful repeat TCE after a procedure failed and left symptomatic residual shunting. 
 
c Patient 15 was allergic to the contrast medium. 
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arteries are involved,22 so patients are often symptomatic 
because of significant shunting; this was the case in our 
patients who had multiple fistulas. In addition, several 
coils are often needed to close multiple or large-diameter 
fistulas, likewise the case in most of our patients.
 Study Limitations. Our study was limited by its retro-
spective nature. The prevalence of CAF in the general 
population is so low that large randomized controlled 
studies are not feasible. Our study had no surgical liga-
tion group with which to compare results of TCE. Be-
cause so few procedures failed, we could not determine 
factors predicting the procedural success of TCE.

Conclusion

We found that TCE had high technical success rates and 
a low risk of complications in CAF closure, and it consis-
tently relieved patients’ symptoms. We will continue to 
use this treatment method when clinical indications and 
CAF anatomy are appropriate. Our experience supports 
the findings in existing reports, and it confirms for other 
physicians that CAFs may be treated successfully.

References
  1. Krause W. Über den Ursprung einer akzessorischen A. 

coronaria aus der A. pulmonalis [in German]. Zeitschr Ratl 
Med 1865;24:225-7. Available from: https://babel.hathitrust.
org/cgi/pt?id=mdp.39015062326106&view=image&seq 
=537 [cited 2020 Mar 13].

  2. Gowda RM, Vasavada BC, Khan IA. Coronary artery 
fistulas: clinical and therapeutic considerations. Int J Cardiol 
2006;107(1):7-10.

  3. Fernandes ED, Kadivar H, Hallman GL, Reul GJ, Ott DA, 
Cooley DA. Congenital malformations of the coronary 
arteries: the Texas Heart Institute experience. Ann Thorac 
Surg 1992;54(4):732-40.

  4. Hsieh CH, O’Connor S, Ross DL. Circumf lex coronary 
artery to left atrium fistula caused by mitral isthmus ablation. 
Heart Lung Circ 2014;23(7):689-92.

  5. Khunnawat C, Mukerji S, Abela GS, Thakur RK. Unusual 
complications of coronary artery bypass graft surgery. Am J 
Cardiol 2006;98(12):1665-6.

  6. Chen WH, Lee PY, Wang EP. Left anterior descending 
artery-to-right ventricle fistula and left ventricular free 
wall perforation after rotational atherectomy and stent 
implantation. J Invasive Cardiol 2005;17(8):450-1.

  7. Saboo SS, Juan YH, Khandelwal A, George E, Steigner ML, 
Landzberg M, Rybicki FJ. MDCT of congenital coronary 
artery fistulas. AJR Am J Roentgenol 2014;203(3):W244-52.

  8. Angelini P, Velasco JA, Flamm S. Coronary anomalies: 
incidence, pathophysiology, and clinical relevance. 
Circulation 2002;105(20):2449-54.

  9. Raju MG, Goyal SK, Punnam SR, Shah DO, Smith GF, 
Abela GS. Coronary artery fistula: a case series with review 
of the literature. J Cardiol 2009;53(3):467-72.

10. Seol SH, Seo GW, Song PS, Kim DK, Kim KH, Kim DI, 
et al. Coronary-pulmonary artery fistula‒multiple diagnostic 
imaging modalities. J Thorac Dis 2014;6(2):E27-9.

11. Wejner-Mik P, Lipiec P, Peruga JZ, Jaszewski R, Pawlowski 
W, Kasprzak J. Optimal treatment of coronary-to-pulmonary 
artery fistula: surgery, coil or stent graft? Postep Kardiol Inter 
2013;9(3):282-5.

12. Ozlu MF, Ozcan F, Maden O, Dogan FM, Cagli K. 
Simultaneous treatment of a fistula and a stenosis at 
right coronary artery: one stone two birds. Int J Cardiol 
2011;149(3):e118-9.

13. Armsby LR, Keane JF, Sherwood MC, Forbess JM, Perry SB, 
Lock JE. Management of coronary artery fistulae. Patient 
selection and results of transcatheter closure. J Am Coll 
Cardiol 2002;39(6):1026-32.

14. Gibson CM, Cannon CP, Daley WL, Dodge JT Jr, 
Alexander B Jr, Marble SJ, et al. TIMI frame count: a 
quantitative method of assessing coronary artery flow.
Circulation 1996;93(5):879-88.

15. Bottinor W, Polkampally P, Jovin I. Adverse reactions to 
iodinated contrast media. Int J Angiol 2013;22(3):149-54.

Fig. 2  Patient 13. Angiograms reveal A) 3 coronary artery fistulas 
that drain into the pulmonary artery (asterisk). A fistula originates 
in the distal right coronary artery (arrowhead) and dilates substan-
tially as it feeds the right coronary artery acute marginal branch 
(arrow) before draining. B) Successful results after transcatheter 
coil embolization.

A

B

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-10

https://babel.hathitrust.org/cgi/pt?id=mdp.39015062326106&view=image&seq=537
https://babel.hathitrust.org/cgi/pt?id=mdp.39015062326106&view=image&seq=537
https://babel.hathitrust.org/cgi/pt?id=mdp.39015062326106&view=image&seq=537


Texas Heart Institute Journal Transcatheter Coil Embolization of Coronary Fistulas      139

16. Stone PA, Campbell JE. Complications related to femoral 
artery access for transcatheter procedures. Vasc Endovasc 
Surg 2012;46(8):617-23.

17. Qureshi SA. Coronary arterial fistulas. Orphanet J Rare Dis 
2006;1:51.

18. Liu M, Hou Q, Guo X, Wang S, Ma Z. Dual-source CT 
coronary angiographic evaluation of coronary artery fistulas. 
Exp Ther Med 2014;7(5):1155-9.

19. Ata Y, Turk T, Bicer M, Yalcin M, Ata F, Yavuz S. Coronary 
arteriovenous fistulas in the adults: natural history and 
management strategies. J Cardiothorac Surg 2009;4:62.

20. Zenooz NA, Habibi R, Mammen L, Finn JP, Gilkesons 
RC. Coronary artery fistulas: CT findings. Radiographics 
2009;29(3):781-9.

21. Silva M, Carvalho N, Teixeira A, Nogueira G, Menezes I, 
Ferreira R, et al. Percutaneous embolization of coronary 
fistulas: a single-center experience. Port J Cardiol 
2011;30(12):891-6.

22. Yun G, Nam TH, Chun EJ. Coronary artery fistulas: 
pathophysiology, imaging findings, and management 
[published erratum appears in Radiographics 
2018;38(7):2214]. Radiographics 2018;38(3):688-703.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-10


