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Abstract
AIM: To describe the characteristics of coronary artery 
fistulas (CAFs) in adults, including donor vessels and 
whether termination was cameral or vascular.

METHODS: A PubMed search was performed for ar-
ticles between 2000 and 2010 to describe the current 
characteristics of congenital CAFs in adults. A group of 
304 adults was collected. Clinical data, presentations, 
diagnostic modalities, angiographic fistula findings and 
treatment strategies were gathered and analyzed. With 
regard to CAF origin, the subjects were tabulated into 
unilateral, bilateral or multilateral fistulas and com-
pared. The group was stratified into two major subsets 
according to the mode of termination; coronary-camer-
al fistulas (CCFs) and coronary-vascular fistulas (CVFs). 
A comparison was made between the two subsets. 
Fistula-related major complications [aneurysm forma-
tion, infective endocarditis (IE), myocardial infarction 
(MI), rupture, pericardial effusion (PE) and tamponade] 
were described. Coronary artery-ventricular multiple 
micro-fistulas and acquired CAFs were excluded as well 
as anomalous origin of the coronary arteries from the 
pulmonary artery (PA). 

RESULTS: A total of 304 adult subjects (47% male) 
with congenital CAFs were included. The mean age was 

51.4 years (range, 18-86 years), with 20% older than 
65 years of age. Dyspnea (31%), chest pain (23%) and 
angina pectoris (21%) were the prevalent clinical pre-
sentations. Continuous cardiac murmur was heard in 
82% of the subjects. Of the applied diagnostic modali-
ties, chest X-ray showed an abnormal shadow in 4% of 
the subjects. The cornerstone in establishing the diag-
nosis was echocardiography (68%), and conventional 
contrast coronary angiography (97%). However, multi-
slice detector computed tomography was performed in 
16%. The unilateral fistula originated from the left in 
69% and from the right coronary artery in 31% of the 
subjects. Most patients (80%) had unilateral fistulas, 
18% presented with bilateral fistulas and 2% with mul-
tilateral fistulas. Termination into the PA was reported 
in unilateral (44%), bilateral (73%) and multilateral 
(75%) fistulas. Fistulas with multiple origins (bilateral 
and multilateral) terminated more frequently into the 
PA (29%) than into other sites (10.6%) (P  = 0.000). 
Aneurysmal formation was found in 14% of all sub-
jects. Spontaneous rupture, PE and tamponade were 
reported in 2% of all subjects. In CCFs, the mean age 
was 46.2 years whereas in CVFs mean age was 55.6 
years (P  = 0.003). IE (4%) was exclusively associated 
with CCFs, while MI (2%) was only found in subjects 
with CVFs. Surgical ligation was frequently chosen for 
unilateral (57%), bilateral (51%) and multilateral fistu-
las (66%), but percutaneous therapeutic embolization 
(PTE) was increasingly reported (23%, 17% and 17%, 
respectively). 

CONCLUSION: Congenital CAFs are currently detected 
in elderly patients. Bilateral fistulas are more frequently 
reported and PTE is more frequently applied as a thera-
peutic strategy in adults.

© 2011 Baishideng. All rights reserved.

Key words: Coronary artery fistulas; Congenital heart 
defect; Coronary angiography; Multi-detector computed 
tomography angiography

BRIEF ARTICLE 

Online Submissions: http://www.wjgnet.com/1949-8462office
wjc@wjgnet.com
doi:10.4330/wjc.v3.i8.267

World J Cardiol 2011 August 26; 3(8): 267-277
ISSN 1949-8462 (online)

© 2011 Baishideng. All rights reserved.

World Journal of 
CardiologyW J C

267 August 26, 2011|Volume 3|Issue 8|WJC|www.wjgnet.com



Said SAM. Characteristics of congenital coronary artery fistulas

Peer reviewers: Seung-Woon Rha, MD, PhD, FACC, FAHA, 
FESC, FSCAI, FAPSIC, Cardiovascular Center, Korea Univer-
sity Guro Hospital, 80, Guro-dong, Guro-gu, Seoul 152-703, 
South Korea; Pil-Ki Min, MD, PhD, Cardiology Division, Heart 
Center, Gangnam Severance Hospital, Yonsei University Col-
lege of Medicine, 712 Eonjuro, Gangnam-gu, Seoul 135-720, 
South Korea

Said SAM. Current characteristics of congenital coronary artery 
fistulas in adults: A decade of global experience. World J Cardiol 
2011; 3(8): 267-277  Available from: URL: http://www.wjg-
net.com/1949-8462/full/v3/i8/267.htm  DOI: http://dx.doi.
org/10.4330/wjc.v3.i8.267

INTRODUCTION
Nowadays congenital coronary artery fistulas (CAFs) in 
adults are frequently non-invasively[1-4], semi-invasively[5-8] 
and invasively[9] detected because of  the rapid advent of  
various imaging modalities. With these advanced diagnos-
tic techniques many unilateral[10-15], bilateral[16-20] and multi-
lateral[21] fistulas have been diagnosed. Many reports from 
various parts of  the world recording congenital CAFs in 
adults have been published during the last decade[22-28]. 
The pertinent diagnosis of  congenital CAFs in adults has 
been published from different regions of  the world[29-36]. 
A review of  the world literature resulting in 304 patients 
between 2000 and 2010 to identify the current character-
istics of  congenital CAFs in adults is presented, and the 
important findings are discussed. 

MATERIALS AND METHODS
PubMed was searched for terms “coronary artery” and 
“fistulas” combined with “congenital” and “adult”. From 
the English and non-English medical literature, only rel-
evant publications regarding congenital CAFs in adults 
were chosen and considered for analysis and evaluation. 
The search was conducted for the period from 2000 to 
2010. Coronary artery-ventricular multiple micro-fistulas 
and acquired CAFs, as well as cases of  anomalous origin 
of  the coronary arteries from the pulmonary artery (PA) 
were excluded. Papers with a mixed population (pediatric 
and adult) or with pediatric subjects alone were excluded. 
Papers and data were carefully examined for complete-
ness. The following criteria for CAFs were stipulated 
to include homogenous subsets for analysis: origin and 
number of  donor vessels (unilateral, bilateral and mul-
tilateral) and mode of  termination [coronary-cameral 
fistula (CCF) vs coronary-vascular fistula (CVF)]. Patients 
were tabulated according to the origin from the right 
or left coronary arteries or their branches, or from the 
right or left sinus of  Valsalva and number of  the fistulas 
with regard to their characteristics [from the left main 
trunk (LMT), left anterior descending (LAD), circumflex 
coronary artery (Cx), right coronary artery (RCA), left 
coronary artery (LCA), unilateral, bilateral or multilateral 
fistulas]. A number of  parameters were examined for 

comparison, such as mean age, gender, clinical presenta-
tion, fistula characteristics and complications. The follow-
ing question was addressed in this review: do different 
age groups in the adult population with congenital CAFs 
differ in clinical presentation, fistula characteristics and 
treatment modalities?

Definitions 
CCFs: The fistula terminates into a cardiac chamber (right 
atrium (RA)/coronary sinus (CS), right ventricle (RV), 
left atrium (LA) and left ventricle (LV). 

CVFs: The fistula terminates into a thoracic vessel [PA, 
superior vena cava (SVC), pulmonary veins (PV), bron-
chial and cardiac veins and right ventricular outflow tract 
(RVOT)]. 

These definitions were adopted and modified from 
Gupta-Malhotra[37].

Statistical analysis
Data and categorical variables are presented as counts 
and percentages and continuous variables are expressed 
as mean. Statistical analysis was performed by using the 
two-tailed paired Student t-test and Chi-square test. A P 
value < 0.05 was considered significant. Statistical analy-
ses were performed using SPSS version 18.0 (SPSS Inc., 
USA).

RESULTS
Review subjects
Characteristics of  304 patients between 2000 and 2010 
were collected. Of  this group, 47% were male, mean age 
was 51.4 years (range, 18-86 years). The majority (46%) 
of  patients were aged 18-50 years but a considerable pro-
portion (20%) were older than 65 years (Figure 1). The 
fistulas were multilateral in 6 (2%) patients, bilateral in 
55 (18%) and unilateral in 243 (80%). The origin of  the 
unilateral fistulas was from the LCA in 69% [LMT (7%), 
LAD (42%), Cx (20%)] and RCA in 31% (Table 1). 
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Figure 1  Age categories in years of 304 adults with congenital coronary 
artery fistulas. Septuagenarians represented (20%) of the cohort. The majority 
(46%) was in the age category 18-50 years. 



Major clinical presentations and complications
Thirty-five patients (11%) were asymptomatic. In 11 (4%) 
patients, the clinical presentation was not recorded and 
85% of  patients were symptomatic. The major presenta-
tions were composed of  a single symptom in 63% and 
37% presented with multiple symptoms. These were, in 
decreasing order of  frequency, dyspnea (31%), chest pain 
(23%) and angina pectoris (21%). Moreover, palpitation 
was a commonly reported symptom occurring in 13%, 
congestive heart failure (CHF) in 8%, infective endocar-
ditis (IE) in 4%, and abnormal shadow on chest X-ray in 
4% of  patients. Furthermore, fatigue was reported in 6% 
of  patients, atrial fibrillation in 5%, syncope in 4%, peri-
cardial effusion (PE) in 2% and myocardial infarction (MI) 
in 2%. Ventricular and supra-ventricular tachycardia were 
very rarely seen.

CHF: Overt CHF was reported in 8% of  patients, 70% 
of  whom were female. The mean age was 60.6 years 
(range, 27-86 years). In these patients, the mean ratio of  
the left-to-right shunt (Qp:Qs) was 1.8 (range, 1.2-2.7). 
The mean systolic PA pressure was elevated at 47 mmHg 
(varying from 25/9 to 61/24 mmHg), compatible with 
mild pulmonary hypertension. Unilateral fistulas were 
predominant, being present in 19/23 (83%) of  patients, 
and bilateral in 4/23 (17%). The origin was the LCA in 
21/27 (78%) and the RCA in 6/27 (22%) of  the fistulas. 
The therapeutic management of  this sub-group was sur-
gical ligation (SL) in 14 patients, percutaneous therapeutic 
embolization (PTE) in 5 patients and conservative medi-
cal management (CMM) in 4 patients. 

IE: IE was reported in 11/304 patients (4%), 36% of  
whom were female. All had CCFs where fistulas arose 
from right or left coronary arteries having a unilater-

al[1,38-41] or bilateral[1,42] origin. The termination site was al-
ways a cardiac chamber either right- or left-sided: RA[38,41], 
RV[1], CS[39,40,42,43] or LA[1]. Streptococcus[38,42,44] and Staphylo-
coccus species[40] were isolated from blood cultures. Echo-
cardiography demonstrated aneurysmal dilatation of  the 
donor vessels[43-45], and recipient chamber[42,45], and val-
vular[44,45] and non-valvular[42,44] vegetation. Furthermore, 
there was moderate and severe valvular regurgitation 
with ruptured chordae[1,39]. Non-valvular vegetation was 
located in the inferior atriocaval junction[38] and CS[40,42,44]. 
Turbulent flow in the recipient chamber was noted by 
color Doppler[40,45]. Associated congenital and acquired 
heart defects (single coronary artery, bicuspid aortic valve 
and atrio-ventricular valvular heart disease) were also vi-
sualized[1,2,41]. All patients were treated surgically, but two 
were managed conservatively. IE has been reported to 
occur in the clinical history of  patients with CAFs[46]. 

MI: Both ipsilateral (4 ×) and contralateral (1 ×) to the 
shunt, infarctions (2%) were reported only in patients 
with CVFs where the fistulas communicated to the right 
or left side of  the vascular system; PA[9,27,47-49], SVC[10,50], 
RVOT[12,51] and PV[52]. The mean age was 60.8 years (range, 
51-78 years). They were 2 females and 3 males. Signifi-
cant coronary artery disease was present in 2 patients and 
3 were free of  atherosclerotic lesions. A unilateral fistula 
was found in 2 and bilateral fistulas in 3 patients. Of  the 
3 patients with bilateral fistulas (LAD-RCA), one had 
inferolateral MI, one developed inferior MI and the third 
presented with anterior MI. A myocardial perfusion test 
revealed reversible ischemia in 2 and was negative in one. 
Medical treatment of  the fistula was conducted in 3, PTE 
in one and SL in one of  the patients. PCI was performed 
in a non-fistula vessel in 2 patients. No infarct-related 
complications were described.

Diagnostic work-up
Cardiac murmur: Cardiac murmur was reported in 
(47%) of  patients. Of  those, continuous heart murmur 
was heard in (82%), systolic murmur in (11%) and dia-
stolic murmur in (7%). No murmur was heard in (53%). 
Only few patients had two different cardiac murmurs.

Abnormal shadow on chest X-ray: The chest X-ray 
demonstrated a marked abnormal shadow in 11/304 (4%) 
patients; unilateral in 8 (5 LCA, 3 RCA) and bilateral in 
4 (LAD-RCA). The LCA participated in the formation 
of  the fistula in the majority of  fistulas (9/16) with an 
abnormal shadow on the chest X-ray on either unilat-
eral[53,54] or bilateral fistulas[55-58]. The RCA was involved 
in fistula formation in 7/16 (44%) patients. Termination 
occurred into the PA in 9/12 (75%) patients, into the CS 
in one (8%), into the RA in one (8%) and into the LA in 
one (8%). All fistulas were associated with an aneurysm. 
Three-quarters of  the patients (9/12) were treated surgi-
cally, (8%) PTE was performed in one and 2 (17%) were 
followed with CMM. 

For the morphological, anatomical visualization, and 
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Table 1  Origin, termination, pathway and management of 
unilateral fistulas in adult patients with congenital coronary 
artery fistulas (n  = 243)

Origin LMT 
(n  = 17) 

(7%)

LAD 
(n  = 102) 

(42%)

Cx 
(n  = 48) 
(20%)

RCA 
(n  = 76) 
(31%)

Termination 
   PA 47% 75% 23% 16%
   RA/CS 29%   7% 52% 37%
   RV   6%   9%   4% 25%
   SVC 12% none   6%   5%
   LV none   3%   4% 12%
Aneurysm 18%   7% 17% 17%
Management
   SL 47% 63% 52% 54%
   CMM 41% 13% 31% 17%
   PTE 12% 24% 17% 29%

LMT: Left main trunk; LAD: Left anterior descending coronary artery; Cx: 
Circumflex coronary artery; RCA: Right coronary artery; PA: Pulmonary 
artery; CS/RA: Coronary sinus/right atrium; RV: Right ventricle; SCV: 
Superior vena cava; LV: Left ventricle; SL: Surgical ligation; CMM: 
Conservative medical management; PTE: Percutaneous therapeutic 
embolization.
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functional assessment of  CAFs, different diagnostic mo-
dalities separately or combined were applied to confirm 
the presence of  unilateral[12,13,59-61], bilateral[16,19,30,48,62], or 
multilateral[6,21,63] CAFs. In the reviewed group, the cor-
nerstone in establishing the diagnosis was conventional 
coronary angiography (CAG) (97%) and echocardiog-
raphy (68%). However, multi-slice detector computed 
tomography (MDCT) is slowly gaining popularity, and 
was applied in (16%) of  reviewed patients. In the current 
review, associated congenital and acquired heart disease 
was present in 22% compared with 13% in a previous 
review in 2006[64]. 

Doppler echocardiography remains of  great diag-
nostic value in the detection, intra-operative imaging and 
follow-up of  patients with CAFs[2,22]. CAFs could be 
suspected[7,8] and confirmed[51,65,66] by echocardiography, 
as well as demonstration of  dilatation and aneurysm of  
the donor vessel[34,36,67-70] and dilatation of  the recipient 
chamber[3,4,71-73]. Thrombotic or vascular masses have 
been visualized by echocardiography[72]. Abnormal flow 
by color Doppler imaging provided a direct clue in the 
diagnosis of  fistulous communication[74-79]. Furthermore, 
turbulent blood flow may be seen in the dilated recipient 
cardiac chamber[2]. In cases of  IE associated with CAFs, 
valvular[44,45] and non-valvular[42,44] vegetations have been 
described. Echocardiographic examination showed a 
variety of  associated congenital and acquired heart de-
fects[2,3,51,80]. By means of  echocardiography, right-sided 
pressure could be estimated and the left-to-right shunt 
(ratio of  pulmonary to systemic blood flow) could be cal-
culated[24,47,51,81,82]. Rupture of  an aneurysm associated with 
CAFs causing PE and tamponade was easily illustrated by 
echocardiography[15,83,84].

Angiographic fistula characteristics related to the 
origin and number of  donor vessels: Unilateral fistu-
las were found in 80% of  subjects (Table 1). An origin 
from the LMT was reported infrequently in 17 patients 
in total (7%). The fistulas terminated mostly into the 
right heart side[10-15,85]. Outflow was mostly into the main 
PA (47%)[2,61,86], with distribution to the left[80] or right 
PA branch[87]. Only a few ended in the left heart side[75]. 
Mild[14,75], moderate[71] to severe[11] pulmonary hyperten-
sion was recorded. Dilatation[10,12,14] of  the LMT was 
not frequently observed. In only 3 reports, aneurysmal 
formation of  the LMT was found[13,14,88]. LMT fistulas 
terminated into PA in 47% and LAD fistulas ended in 
the PA in 75%[41,65,89-92]. On the other hand, exit to the 
RA/CS of  Cx fistulas was found in 52% and of  RCA 
fistulas was found in 37%. These differences in termina-
tion may be related to developmental embryological and 
anatomical issues. Few LAD fistulas ended in the LV, RV, 
RA and LA[1,38,93,94]. The clinical presentations of  LAD 
fistulas were usually chest pain[76], angina pectoris[90,95], 
dyspnea[41,82,92,96-98], fatigue[99], palpitations[1,74], syncope[100], 
CHF[77,101-103] or IE[1,38]. Cx fistulas terminated into the 
PA in (23%)[47,104], but the majority ended in the CS in 
40%[43,105-109] and the RA in 15%[73,78,110] of  cases. The 

clinical presentations consisted of  dyspnea[111,112], palpita-
tions[69,81], syncope[83], angina pectoris[113,114], chest pain[84], 
fatigue[66,115], CHF[45] and IE[39,40,43]. The termination of  
RCA fistulas was variable: RA 26%, RV 25%, PA 16%, 
CS 11%, left LV 12%, LA 3%, SVC 5%, RVOT 1% 
and PV 1%[33,41,72,70,110,116]. The clinical presentations were 
angina pectoris[27,35,79], chest pain[9,31,51,117], dyspnea[36,68], 
palpitations[33] and syncope[118]. In some cases, an abnor-
mal shadow on a chest X-ray brought the subjects to 
further medical attention[34,119,120]. A comparison between 
unilateral, bilateral and multilateral fistulas is presented 
in Table 2. Bilateral fistulas were present in 18% of  the 
total group. The distribution of  the origin is summarized 
in Table 3. The PA pressure was reported frequently to 
be normal[121-124], but mild[29], moderate[62,125-127] or severe[28] 
pulmonary hypertension has been reported in this cat-
egory of  fistulas. Fistulas of  multilateral origin (i.e. 3 or 
more fistulas) had a variety of  clinical presentations; as-
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Table 2  Comparison between unilateral, bilateral and multi-
lateral fistulas related to site of origin, aneurysmal formation, 
mode of termination and management

Unilateral 
(n  = 243) (80%) 

Bilateral 
(n  = 55) (18%)

Multilateral 
(n  = 6) (2%)

Termination 
   PA1 44% 73% 75%
   CS/RA 28% 18% 10%
   LA   2%   5% --
   LV   6%   4% 15%
   RV 13%   4% --
Aneurysm 13% 16% 33%
Management
   SL 57% 51% 66%
   CMM 20% 32% 17%
   PTE 23% 17% 17%

1Statistical significance was reached between termination into pulmonary 
artery (PA) (29%) vs exit to all other sites (10.6%) (P = 0.000). CS/RA: 
Coronary sinus/right atrium; LA: Left atrium; LV: Left ventricle; RV: Right 
ventricle; SL: Surgical ligation; CMM: Conservative medical management; 
PTE: Percutaneous therapeutic embolization.

Table 3  Distribution of origin of bilateral fistulas in adult pa-
tients n  (%)

Bilateral fistulas n  = 55

LMT-LAD 3 (5)
LMT-RCA 2 (4)
LAD-RSV 3 (5)
LAD-Cx 1 (2)
LCA-RCA 2 (4)
RCA-LAD 31 (56) 
RCA-Cx   8 (15)
RSV-Cx 1 (2)
RCA-D 3 (5) 
RCA-im 1 (2)

LMT: Left main trunk; LAD: Left anterior descending coronary artery; 
RCA: Right coronary artery; RSV: Right sinus of Valsalva; Cx: Circumflex 
coronary artery; LCA: Left coronary artery; D: Diagonal branch; im: 
Intermediate branch. 
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ymptomatic, chest pain, fatigue, palpitations, dyspnea and 
syncope[5,6,21,63,128,129]. Termination was mainly into the PA 
(Table 2). 

Aneurysm: In 43 patients (14%), aneurysmal formation 
was detected. Aneurysms were associated with unilat-
eral (74%), bilateral (21%) and multilateral fistulas (5%). 
Overall, exactly the same figure (14%) was found in a 
mixed pediatric and adult population of  236 patients be-
tween 1993 and 2004 reviewed in 2006[64]. Although there 
were no differences found in the frequency of  aneurysm 
formation, the composition of  the 2 studies was com-
pletely different. The current review included no pediatric 
subjects. Aneurysmal formation is infrequently reported 
in a pediatric population. 

Angiographic fistula characteristics related to the mode 
of  termination: A comparison between CCFs and CVFs 
is shown in Table 4. In CCFs, unilateral fistulas were 
more prevalent (87%) than in those subjects with CVFs 
(74%). The fistulas with multiple origins (bilateral and 
multilateral) were present in 13% and 26% of  CCFs and 
CVFs, respectively. In unilateral CVFs, an origin from the 
LCA was predominantly involved in fistula formation in 
86% of  subjects and the RCA in only 14%. In unilateral 
CCFs, equal distributions of  LCA and RCA were found. 
Comparing the therapeutic strategy between the two re-
views of  2010 and 2006[64], we found a specific increase 
in SL and PTE procedures; from 38% to 56% for SL 
and from 5% to 22% for PTE, while CMM remained un-
changed 21% (2010) vs 24% (2006).

DISCUSSION
Up till now, no data has been available describing a large 
cohort of  adults with congenital CAFs. The purpose of  
this review was to systematically investigate the current 

characteristics of  this anomaly in adults. Generally, CAFs 
may have 2 angiographic appearances; a solitary form 
and coronary artery-ventricular multiple micro-fistula 
form[130]. In the current review further classification of  
the solitary CAFs according to their mode of  termination 
was undertaken: CCFs and CVFs. On comparison of  the 
current findings with the review of  2006[64], we found 
that a continuous heart murmur was heard in significantly 
more patients (82% vs 32%). Furthermore, CHF was re-
ported in more patients (8% vs 3%). The percentage of  
asymptomatic presentation remained unchanged (11%) 
compared with the review of  2006 (9%)[64]. In this study, 
fatigue was present in 6% and palpitations in 13%, while 
these were both reported as 7% in 2006. IE was not re-
ported in 2006 but was diagnosed in 4% of  the patients 
in this review. CCFs were associated with the develop-
ment of  IE (P = 0.000). None of  the patients with CVFs 
developed IE. Part of  the reason for the occurrence 
of  IE in CCFs is that the extent of  turbulent flow may 
be higher in a dilated cardiac chamber compared with 
a vascular structure and endothelial damage caused by 
a continuous fistulous jet may be pointed at the wall of  
the cardiac chamber. In contrast, MI was associated with 
CVFs (P = 0.042) and it was not seen in any of  the pa-
tients with CCFs. CVF patients with MI (60.8 years) were 
10 years older than the rest of  the group (50.7 years). 
Borderline significance was reached in CCF patients with 
IE who were 10 years younger (41.8 years) than those 
who did not develop IE (51.2 years) (P = 0.068). More 
investigations are warranted to identify subjects who 
require antibiotics for prophylaxis of  IE. Among the 
subjects in both IE and MI subsets, nearly one-third were 
female in contrast to the CHF subset where the majority 
(two-thirds) were female. The lowest mean age was found 
in the IE subset (41.8 years) and the highest in the CHF 
subset (60.6 years) (Table 5), implying that subjects with 
IE are diagnosed earlier and female subjects with con-
genital CAFs are prone to develop CHF at an older age. 
Patients with unilateral fistulas and an origin from the 
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Table 4  Comparison of demographic data, major fistula char-
acteristics and fistula-related complications between coronary-
cameral fistulas and coronary-vascular fistulas n  (%)

CCFs 
(n  = 135) 

(44%)

CVFs 
(n  = 169) 

(56%) 

P  value

Mean age (range, yr)     46.2 (18-85)   55.6 (18-86) 0.000
Female gender      68 (50.4)  93 (55) NS
Aneurysm      24 (18.2)     19 (11.2) NS
MI None 5 (3) 0.042
IE 11 (8) None 0.000
PE      4 (2.9)    4 (1.8) NS
Abnormal chest X-ray   3 (2) 8 (5) NS
Origin from LMT and LAD      33 (24.1)    94 (55.6) 0.000
Fistulas having multiple 
origins (bilateral and 
multilateral) 

  17 (13) 44 (26) 0.003

CCFs: Coronary-cameral fistulas; CVFs: Coronary-vascular fistulas; MI: 
Myocardial infarction; IE: Infective endocarditis; PE: Pericardial effusion; 
LMT: Left main trunk; LAD: Left anterior descending coronary artery. 

Table 5  Fistula characteristics and fistula-related major com-
plication in relation to demographic data

Age (yr), mean (range) Female gender (%)

Origin of fistulas
   Unilateral
      LMT 50.4 (21-74) 47
      LAD 55.6 (18-86) 51
      Cx 51.4 (21-82) 52
      RCA 44.9 (18-78) 53
   Bilateral 57.4 (24-83) 60
   Multilateral 58.0 (38-79) 67
Clinical presentation
   CHF 60.6 (27-86) 70
   IE 41.8 (22-65) 36
   MI 58.0 (44-78) 33

LMT: Left main trunk; LAD: Left anterior descending coronary artery; Cx: 
Circumflex coronary artery; RCA: Right coronary artery; CHF: Congestive 
heart failure; IE: Infective endocarditis; MI: Myocardial infarction.
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RCA, had the lowest mean age (44.9 years) and patients 
with bilateral and multilateral fistulas were older (57.4 
and 58 years, respectively). This may indicate that fistulas 
from the RCA may become symptomatic earlier and are 
detected at a relatively young age, while diagnosis may 
be delayed, for obscure reasons, in fistulas with multiple 
origins. The behavior of  the fistulas in CCFs and CVFs is 
quite variable, as we found that the frequency of  fistulas 
presenting with multiple origins (bilateral and multilateral) 
in CVFs (26%) was twice that in CCFs (13%) (P = 0.003), 
and the termination of  bilateral or multilateral fistulas 
into the PA (29%) was significantly higher than into other 
outflow sites (10.6%) (P = 0.000). Not only unilateral 
CAFs may be suspected and diagnosed by echocardiog-
raphy[2,46,48,67,128] and their presence confirmed by CAG 
or MDCT[48,131], but also distinctive echocardiographic 
findings may suggest the presence of  bilateral CAFs[48,132]. 
In the series of  Vitarelli et al[2], transthoracic echocardiog-
raphy was suggestive for the presence of  CAFs in 33% 
of  cases and trans-esophageal echocardiography (TOE) 
confirmed the diagnosis in all patients. In the previously 
published 2006 review[64], CAG was performed in 83%, 
while this review found an increase to 97% of  subjects. 
The selective nature of  CAG visualizes mainly a single 
origin of  CAFs from a unique coronary artery during its 
super selective engagement, while MDCT, owing to its 
non-selective nature is easily able to demonstrate mul-
tiple origins of  bilateral or multilateral fistulas originating 
from the coronary arteries or possessing a separate origin 
directly from the ascending thoracic aorta. Currently, the 
cornerstone in diagnosis remains echocardiography (68%) 
and CAG (97%), however MDCT (16%)[48,131], is gaining 
ground and has proved to be more useful in detecting 
multilateral fistulas, especially fistulas with multiple ori-
gins from the ascending aorta[5,6]. Non-invasive MDCT or 
TOE should be included alongside CAG in the workup 
of  this category of  patient to detect CAFs with suspect-
ed or unrecognized multiple origins. The usefulness and 
advantages of  MDCT for the visualization of  CAFs are 
well known. Recognition of  CAFs by MDCT has become 
increasingly popular in adults with congenital CAFs[93].

It was reported in 2006 that the origin of  the fistulas 
was from the LCA in 58% and from the RCA in 42% of  
patients[64]. In the current review, the overall figures were 
69% and 31%, respectively. In 2006, the fistulas were 
unilateral, bilateral and multilateral in 93%, 6% and 1%, 
respectively. Currently, the majority, as expected, were uni-
lateral fistulas (80%), followed by bilateral fistulas (18%) 
and finally multilateral fistulas (2%). Among the unilateral 
fistulas, the LAD was predominantly the origin (42%) of  
the fistulas, followed by the RCA (31%), the Cx (20%) 
and finally the LMT (7%). In this study, it was possible to 
identify 2 distinct subtypes of  clinically relevant fistulas 
with specific termination sites; the CCFs and the CVFs. In 
this study, the proportion of  fistulas with multiple origins 
(20%) was significantly increased compared with a few 
years earlier (7%)[64]. There appears to be distinct differ-
ences in terms of  mean age, gender and complications 

between CCFs and CVFs. The difference in mean age 
between CCF (46.2 years) and CVF (55.6 years) subjects 
was statistically significant (P = 0.000). The difference in 
gender was insignificant. No significant difference was 
found between aneurysmal formation, rupture and PE in 
CCFs and CVFs. The origin from the LMT and LAD of  
CCF fistulas was significantly less frequent (24.1%) than 
of  CVFs (55.6%) (P = 0.000) (Table 4). 

During the last decade, advances in diagnostic and 
therapeutic techniques and devices as well as the fruitful 
collaboration between interventional cardiologists and ra-
diologists[31] have encouraged clinicians to apply sophisti-
cated diagnostic methods and advanced treatment modal-
ities for complex CAFs. Despite the increasing reported 
numbers of  bilateral fistulas, PTE was performed in 22% 
of  subjects. The broad availability of  modern occluding 
materials and devices[133], the rapid gain in experience[134], 
the collaboration between interventional radiologists and 
cardiologists[31,134], and the increased number of  diag-
nosed patients as witnessed by the increased proportion 
of  bilateral fistulas, have led to increased rates of  SL and 
PTE procedures (Figure 2). In 2006, SL was performed 
in 38% of  patients, currently reported as increased up 
to 56%, while PTE was undertaken in only 5%, but is 
now significantly increased up to 22%, while CMM re-
mains unchanged at 24% vs 21%. The statistical analysis 
produced significant figures with the application of  the 
univariate method, but this was completely abolished 
when the multivariate test was performed with correction 
for age and gender. Age was the confounder and driving 
force for these differences. Regarding these latter find-
ings and in view of  the lack of  available data concerning 
a large cohort of  adult patients with congenital CAFs, 
a national registry and international cooperation should 
be launched. The conduction of  a coordinated and well 
orchestrated study to build a database according to a pro-
spective well-defined protocol seems to be necessary in 
the future. 

The main findings of  this review are summarized 
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CMM
PTE
SL

22.2%

21.9%

55.9%

Treatment options

Figure 2  Treatment modalities in adult patients (n = 304) with congenital 
coronary artery fistulas. CMM: Conservative medical management; PTE: 
Percutaneous therapeutic embolization; SL: Surgical ligation.
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as follows: (1) 20% of  adults with congenital CAFs are 
elderly; (2) 63% of  patients presented with a single symp-
tom; (3) severe complications such as IE and MI are 
relatively uncommon and occurred more commonly in 
males (IE 64% and MI 67%), but presentation with CHF 
occurred more frequently in females (70%) and had a 
higher (60.6 years) mean age; (4) CCFs may predispose to 
the development of  IE, which was exclusively reported in 
patients with CCFs either having a unilateral or a bilateral 
origin; (5) regardless of  the origin from the left or right 
coronary arteries, either in a unilateral or bilateral fashion, 
MI was infrequently recorded but selectively occurred in 
patients with CVFs (P = 0.042); (6) echocardiography and 
CAG remain the mainstay to suspect and detect CAFs in 
symptomatic and asymptomatic adult subjects; MDCT is 
rapidly gaining ground in the diagnostic armamentarium; 
(7) currently, LCA is the origin of  unilateral fistulas in 
two-thirds of  subjects; subjects with unilateral fistulas 
originating from the RCA are relatively younger age 
(44.9 years) and may be diagnosed earlier compared with 
the LCA (54.4 years) and multilateral fistulas (58 years); 
moreover, fistulas with multiple origins are more readily 
reported (20%); and (8) in the last decade, SL (56%) and 
PTE (22%) have tremendously increased as a treatment 
option of  congenital CAFs in adults. 

There are some recognized limitations of  this re-
view. One is that many publications of  the last decade 
were not included in this work due to incompleteness 
and lack of  specific data needed for the current review. 
Therefore there may be a problem of  limited sample 
size. The important question of  whether there is a need 
for IE antibiotic prophylaxis in all subtypes of  CAFs, or 
should it be reserved for CCFs is difficult to answer from 
the present data. Further investigations are warranted. A 
further shortcoming is the fact that the numbers in the 
subgroups are small. The need for a prospective national 
and international registry is of  pivotal importance.
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data is presented of adult patients with congenital CAFs. The correct diagnosis 
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evaluate this rare congenital anomaly. 
Innovations and breakthroughs
Recent reports have highlighted and emphasized the importance of appropriate 
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patients with congenital CAFs. 
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Despite the wide availability of MDCT, echocardiography and conventional CAG 
with its limited 2-dimensional character is still a very important diagnostic tool in 
establishing the diagnoses of CAFs. In some patients, MDCT may be a comple-
mentary or supplemental non-invasive diagnostic modality to echocardiography 
and conventional CAG. With further sophistication and its 3-dimensional prop-
erties it may, in the future, even replace conventional CAG in the detection of 
congenital CAFs. 
Terminology
CAFs: CAFs are considered when an abnormal communication exists between 
one or more coronary arteries and a cardiac chamber or an intrathoracic vas-
cular structure. According to their mode of termination, CAFs may be classified 
into coronary-cameral or coronary-vascular fistulas.
Peer review
This article is a very comprehensive review about the characteristics of congen-
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