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ABSTRACT

Objective: To evaluate the use of cardiovascular magnetic resonance (CMR) to visualize
angiographically-detected congenital coronary artery fistulas in adults. Methods: CMR tech-
niques were used to study 13 patients, recruited from the Dutch Registry, with previously an-
giographically diagnosed fistulas. Results: Coronary fistulas were detected in 10 of 13 (77%)
patients by CMR and, retrospectively, in two (92%) more. In 93% of these, it was possible to
determine the origin and the outflow site of the fistulas. Cardiovascular magnetic resonance
allowed demonstration of dilatation of the fistula-related coronary artery in all cases. Tortuosity
of fistulas was detected in all visualized patients. Uni- or bilaterality of fistulas as seen on CAG
was proven on CMR in all patients. Flow measurement could be performed in 8 patients. A fairly
good correlation (r = 0.72) was found between angiographic (mean 6.2 mm, range 1-16) and
cardiovascular magnetic resonance (mean 6.3 mm, range 3—-15) measured fistulous diameters.
Conclusions: Cardiovascular magnetic resonance of congenital fistulas with clinical signifi-
cant shunting is feasible and can provide additional physiological data complementary to the
findings of conventional coronary angiography.

INTRODUCTION

To date coronary arteriography (CAG) has been considered
the “gold standard” for detection and delineation of the fistulous
communications. There are several reports in the literature of
noninvasive methods having been successfully used in the iden-
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tification of such fistulas (1-6). A noninvasive technique such
as cardiovascular magnetic resonance (CMR) may therefore be-
come important as it provides excellent 3D imaging and accurate
flow quantification (7). Flow quantification may give informa-
tion on the amount of ventricular volume loading caused by a
fistula, which may be relevant to the timing and method of treat-
ment. CMR may, therefore, provide a supplement or substitute
for coronary angiography, and the purpose of this report is to as-
sess its value in visualizing angiographically proven congenital
coronary artery fistulas (CAFs) in a series of adult patients. Cur-
rent experience with CMR for the diagnosis of CAFs is limited
to case histories (8—11). CAFs have varied consequences that
range in importance from an incidental finding at CAG to im-
portant anomalies with hemodynamic significance and requiring
intervention. CAFs can result in congestive heart failure due to
sizeable left-to-right shunt, thromboembolic events, myocardial
ischemia or infarction, infective endocarditis, ventricular and
supraventricular arrhythmias or even sudden death secondary
to rupture of an associated aneurysm of the fistula (1, 3, 5, 10,
12). For symptomatic patients, surgical or percutaneous per-
manent occlusion of the fistulas is widely accepted. However,
controversies exist in the management of asymptomatic subjects
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(5, 13, 14). We report the findings on CMR of morphological
anatomy and flow quantification of 13 adult patients with pre-
viously known congenital CAFs. These patients were recruited
from a national Dutch Registry, where both angiography and
CMR were available (15).

MATERIALS AND METHODS

Patients

A group of 13 consecutive patients with CAFs, who gave their
informed consent and were recruited from the Dutch Registry
(DR) where both coronary angiograms and CMR were available,
were investigated for the value of CMR in detecting the fistulas.

Data of the Dutch registry

The DR of congenital CAFs comprised 71 adults out of
30,829 patients who underwent coronary angiography. The data
of the DR on CAFs have been described earlier in detail (15).
In brief, between 1996 and 2003, a registry was started for col-
lecting data of adult patients with CAFs. In the registry clinical
data and coronary angiographic findings of 51 patients with con-
genital solitary CAFs and 20 subjects with coronary artery-left
ventricle multiple micro-fistulas (16) were included.

Coronary angiography

Assessment of the size of the fistulous vessel was based on
comparison with the angiography catheter diameter. For the def-
inition of fistulous aneurysm, we adopted the definition of coro-
nary aneurysm, which is angiographically defined as a coronary
artery dilatation that exceeds the diameter of the normal adjacent
segments or the diameter of the patient’s largest coronary vessel
by a factor of 1.5 (17). The pathway of the fistula was described
by two terms: straight or tortuous and single or multiple. Accord-
ing to the outflow of the fistula, we defined the receiving vessel
or cardiac chamber and singularity or multiplicity, respectively.

Cardiovascular magnetic resonance

We performed CMR using a 1.5 Tesla whole-body magnetic
resonance scanner (Magnetom Sonata, Siemens, Aerlangen,
Germany). using a 4 element phased array radiofrequency re-
ceiver coil. First, black blood anatomical imaging was performed
using a single shot turbo spin echo technique with half Fourier
imaging, triggered to the heart rhythm in diastole (spatial reso-
lution 1.7 x 1.4 x 5 mm?). During a breath-hold, a series of 11
parallel axial or oblique slices were obtained. For more vessel
detail, a recently developed coronary CMR technique was ap-
plied (18). This bright blood technique used a fat suppressed 3D
steady state free precession pulse sequence (true FISP) applied
during a breath-hold (spatial resolution 1.4 x 1.3 x 4 mm?).
A series of these thin slabs (2.4 cm) were placed to visualize
the vessel anatomy in greater detail. In order to visualize entry
jets of fistulas within other vascular structures cine imaging was
applied. A standard true FISP cine sequence was acquired, as
well as a breath-hold fast low-angle shot (FLASH) sequence

with improved sensitivity to flow dephasing effects (19). Areas
where fistula entry points were detected on initial CMR images
were re-imaged using appropriately located parallel cine views.
Finally, the volume flow through the fistula was assessed through
a plane perpendicular to the vessel. A phase sensitive flow quan-
tification technique was applied within a breath-hold (spatial
resolution 1.4 x 1.2 x 5.5 mm?, temporal resolution 60 ms).
Analyses of volume flow data was performed with the FLOW
software package (Medis, Leiden, The Netherlands). Contours
were manually drawn around the cross-section of the fistula on
anatomic (magnitude) images, and the volume flow was cal-
culated on the corresponding velocity map. By integrating all
cardiac phases, the net volume flow was determined.

The evaluation of CMR was single blinded. The investigators
(ACvR and AMB) knew that the patients had fistula but had no
access to further details regarding origin, outflow, pathway and
fistula-related arteries.

Statistical analysis

All continuous variables are presented as mean + standard
deviation and discrete variables are expressed as frequencies and
percentage. Linear correlations coefficients were assessed be-
tween the diameters calculated by CAG and measured by CMR.
Nonparametric Bland-Altman analysis was performed for as-
sessing agreement between two methods.

RESULTS

Patients

Patient baseline characteristics are displayed in Table 1. The
mean age of the 13 patients was 57 years (range 30-79 years),
of whom 4 were women and 9 were men.

Coronary angiographic examinations

A total of 14 CAFs were apparent in the 13 patients on an-
giography: one bilateral and 12 unilateral. The mean diameter
of the 14 CAFs was 6.2 mm (range 1-16 mm). The fistulous
communications originated from the proximal segment of the
left anterior descending artery in 7 cases, left main stem once,
right coronary artery (RCA) 4 times, and circumflex artery (Cx)
twice. The outflow was into the pulmonary artery 6, right atrium
1, right ventricle (RV) 3, left atrium (LA) 1 and superior vena
cava (SVC) 3 times.

Cardiovascular magnetic resonance

The evaluation of CMR was single blinded. On the first re-
view, 11 of the 14 fistulas (79%) in 10 of the 13 (77%) patients
were detected. On a second review, guided by angiographic in-
formation, 2 of the 3 initially undetected fistulas were retro-
spectively identified. Example of images obtained by CAG and
CMR are shown in Figs. 1 and 2, demonstrating anatomical and
physiological details (four consecutive images of Fig. 2, A-D
demonstrate the details of the jet flow).
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Figure 1. (A—F) Comparison of coronary angiographic and CMR images. A, (patient 4) The left coronary arteriogram in right-anterior oblique
(RAO) projection demonstrating the fistula (long arrow) originating from the proximal LAD and outflow into the PA (short arrow). B, Trans-axial
CMR cross section of the heart (spin echo technique) showing outflow of the LAD-fistula into the anterior side of the pulmonary artery (white
arrow). A segment of the LAD is visible (white arrowhead). C, (patient 5): The right coronary arteriogram in left-anterior oblique (LAO) projection
demonstrating the fistula (arrowhead) originating from the proximal RCA and its outflow into the SVC. Two aneurysms (arrows) are appreciated.
D, CMR of the same patient showing the RCA in LAO equivalent view (coronal image) depicting the dilated fistulous vessel (white arrowhead)
with one of the aneurysms (white arrow). The second aneurysm is outside the plane of the image. E, (patient 3) The aortogram in RAO
projection demonstrating the fistula (black arrows) originating from the Cx and its outflow into the RA and coronary sinus (CS). Huge dilatation
and ectatic fistulous vessel are noticeable. The CS shows aneurysmal dilatation (white arrowhead). F, CMR longitudinal view of the same patient
demonstrating the dilated tortuous fistulous vessel (white arrows).

Figure 2. (A-D) Four consecutive CMR transverse T1-weighted slice images, from patient number 9, taken at 50, 150, 250 and 350 ms during
diastole. The images were obtained with TE of 8.2 ms. Slice thickness of 7 mm. The arrows identifying the waxing and weaning of a signal free
space in the pulmonary artery during this part of the cardiac cycle. This phenomenon, called “flow void,” is caused by the outflow jet from the
fistula into the pulmonary artery.
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The mean diameter of the fistulous vessels was 6.3 mm (range
3—15 mm), providing good agreement (r = 0.72) with the di-
ameter assessed by CAG. As demonstrated on Bland-Altman
plots, there was no systematic trend found (20). Plot diagrams
are shown in Fig. 3. Morphologic characteristics are listed in
Table 2. Easy access of CAG relative to the limited availability
of CMR resulted in delays between 1 and 112 months between
the 2 investigations, with a median delay of 3 months.

r=0.72

diameter on CMR (mm)

0 2 4 6 8 10 12 14 16
diameter on CAG (mm)

(@

81 +1.96 SD (= 6.8)

CAG - CMR (mm)
N S
[

-1.96 SD (= -5.7)

Average diameter using CAG and CMR (mm)
(b)

Figure 3. A) Scatter plot of the relationship between the angio-
graphically assessed and CMR measured diameter of the fistulous
vessels and B) Bland-Altman scatter diagram of the differences
plotted against the averages of the two methods within a mean of
+1.96 SD. The differences are not clinically important.

Anatomical details (Table 2)
Origin
The origins of all 13 fistulas were identified in corresponding
regions by CAG and CMR.

Outflow

In all fistulas, the outflow could be visualized by CMR and
confirmed in cine images by signal loss at the site of the outflow
jet. In one case (patient 11, of which outflow was to the SVC) the
outflow was assessed by CMR as single while the CAG showed
multiple outlets. The 3 other fistulas draining to the SVC were
diagnosed correctly.

Pathway

In 3 fistulas, there were differences between the CAG and the
CMR findings. In patient 5, the pathway was assessed on CMR
to be multiple while on the CAG it proved to be single; this may
be due to tortuosity of the fistulous vessel. In patient 10, the
opposite was the case: on CMR, the pathway was diagnosed as
single while it was seen on the CAG to be multiple. In patient 12
(first fistula, RCA — RV), CMR could not provide a description
of the pathway of one of the bilateral fistulas. It is striking that in
all 3 of these disparities, the fistulas originating from the RCA.

Aneurysms

In 4 patients, 4 showed aneurysmal manifestation on CAG
(patients 3, 4, 5 and 7). Three out of 4 aneurysms (1 fusiform
and 2 saccular) were detected by CMR (Table 1). The missed
aneurysm by CMR was of small diameter (6 x 9 mm) (patient
4).

Failure of CMR in detecting CAFs (Table 3)

In the initial review, 3 fistulas were not detected. The angio-
graphic diameters of these were 3, 1 and 10 mm, respectively.
The fistulas originated from the proximal segment of the LAD in
2 patients (1 and 8) and from the RCA in one of the patients (pa-
tient 13). On the second CMR revision, 2 of the 3 fistulas were
detected when guided by the angiographic road-map. The diam-
eter of the undetected CAF was 1 mm, its course was straight,
and no shunt was detected by CMR.

Failure of CMR to detect CAFs can be attributed to the small
diameter of the fistulous vesselor inadvertent misidentification
of the fistulous vessel as a normal branch because of localization
of the fistula adjacent to the pericardium.

Physiology

Flow quantification could be performed in 8 out of 13 CAF
patients. The average flow velocity measured in the fistulous
vessel was 10 cm/s (range from 1.2-36). The mean flow quan-
tification through the fistulas was 0.55 1/min (range 0.02-3.8).
Individual results of all 13 patients are given in Table 4. In 5

Feasibility of CMR Coronary Artery Fistulas 579
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Table 3. Morphologic characteristics of missed CAFs by CMR

Patient Fistula diameter Origin Outflow
1 3 mm LAD PA
8 1mm LAD RV

13 10 mm RCA RV

Fistula characteristics

Origin: multiple, Outflow: single, PW: multiple/tortuous
Origin: single, Outflow: single, PW: single/straight
Origin: single, Outflow: single, PW: single/tortuous

Sequence of detection
Detected on second review
Missed on both occasions
Detected on second review

Abbreviations: CMR = cardiovascular magnetic resonance, LAD = left anterior descending coronary artery, PA = pulmonary artery, RCA = right

coronary artery, RV = right ventricle, PW = pathway.

other fistulas, the flow measurements could not be analyzed due
to poor image quality caused by improper breath-holding.

Diastolic flow exceeded systolic flow in most cases. In mid-
systole there was a dip followed by an increase towards the end
of systole. In diastole flow generally increased gradually until
end-diastole; in patients 3 and 10, there is a discrete mid-diastolic
peak. In the 3 patients (patients 3, 11 and 12) with the largest fis-
tulas associated with the highest flow through the fistula, surgical
ligation in combination with coronary artery bypass grafting was
performed. Among the Dutch Registry patients evaluated, there
was no uniform oxymetrically calculated left-to-right shunt vol-
umes available because it was based on retrospective registry
data and a prospective protocol was lacking.

DISCUSSION

The present study is one of the first to investigate the feasi-
bility of CMR for the detection of congenital coronary artery
fistulas in adult patients. It demonstrated that CMR could ini-
tially identify fistulas in 79% of the cases. A second review
under angiographic imaging guidance identified 92% of the an-
giographically established fistulas.

Until now CAG has been considered the standard for visual-
ization of CAFs, but the relation of CAFs to other structures, their
origin, and course may not always be apparent by this method.
CMR may be of value for complementary imaging with diag-
nostic anatomical and physiological work-up, and eventually for
follow-up (1).

Table 4. Characteristics, diameters and flow data of the fistulous
vessels

Previously published papers concerning CMR and CAFs
were mainly based on case reports (1-6), which included individ-
uals who were, on average, younger, more often symptomatic,
and with considerably more comorbidities requiring surgical or
nonsurgical interventional procedures (21) than found in our
current series. Several authors recommend the use of CMR as a
diagnostic tool for pre-interventional work-up of CAFs (4, 8, 9,
22).

Our study shows that CMR is capable of detection of 92% of
the fistulas. Smaller fistulas and small aneurysms were missed
by CMR, but these are without clinical consequence. In some
patients, measurement of the shunt flow may give pivotal infor-
mation which may influence the clinical decision making. The
findings of high flow through the shunt in patients 3, 11 and 12
did not alter but enforce the clinical management.

Failure to identify this fistula by CMR is likely due to the lack
of spatial resolution, compared to angiography, though a learn-
ing curve effect cannot be excluded. Detailed characteristics of
the missed fistulas are shown in Table 3.

CMR was capable of identifying tortuosity in 79%, multi-
plicity of pathways in 57% and multiplicity of the origin in 93%
(Table 5). Furthermore, CMR determined the distance of origin
of the CAFs with regard to the left main stem and outflow into
the cardiac structures, diameter of the fistula-related artery, di-
ameter of the fistulous vessel and assessment of dimension of
the cardiac chambers (Table 2).

Current MR sequences have improved image quality with su-
perior anatomical definition, pointing to CMR as an alternative
diagnostic tool for evaluating anatomy, physiology and func-
tion (4, 10-12). Recent advances in fast CMR have facilitated

Case Diameter (mm) Flow data
CAG CMR Velocity (cm/sec) Volume (mL/min)

1 3 — — —

2 4 5 2.9 30

3 16 15 36 3835

4 5 5 9.4 85

5 14 5 — —

6 5 7 2.4-3.6 —

7 4 3 — —

8 1 — — —

9 3 4 2.4 20
10 4 6 1.2 15
11 8 9 14.4 550
12 3 4 18 130

7 — — —
13 10 7 — —

Table 5. CMR results of the different components of the fistula

Number of fistulas (%)

Detection
First review result
Second review result

11/14 (79%)
13/14 (93%)

Origin
Donating vessel 13/14 (93%)
Single/multiple 13/14 (93%)
Pathway
Straight/tortuous 11/14 (79%)
Single/multiple 8/14 (57%)
Outflow
Site 12/14 (86%)
Single/multiple 11/14 (79%)
Aneurysms 3/4 (75%)

Feasibility of CMR Coronary Artery Fistulas 581



its clinical use for imaging blood flow through the coronary
arteries (23) and could enhance the detection rate of CAFs as
breath holding was a major determining factor in the fistulous
flow assessment by CMR. Another advantage of CMR is its
noninvasiveness.

The ability of conventional CMR to detect CAFs may, how-
ever, be limited when the shunt is small and the donor artery
is not dilated (9). This is particularly true when fistulas drain
into the right side of the heart such as right ventricle (2x) or
pulmonary artery (1x), as was the case in the three unidentified
fistulas in this study.

Few discrepancies were found between the CAG and CMR
assessed fistula morphological description (Tables 2 and 4).
These discrepancies can be explained by the lack of accuracy
in CAG assessed diameters of the fistulous vessels. Secondly, a
discrepancy might be due to the differences in CMR sequence
methods.

CMR visualization of coronary fistulas is not easy, and a final
analysis of images is time consuming, making the technique
unsuitable for initial screening. It may, however, be of great
value for complementary imaging and diagnostic work-up as
the shunt measurement is reliably performed by CMR.

Suggested criteria for fistula detection by CMR

On the basis of previous findings (8, 10-12) and our own
experience, some criteria for identification of the fistula may be
suggested when clinical suspicion is raised.

Anatomical assessment

Assessment of unilateral as well as multilateral fistulous ves-
sels originating from one or more coronary arteries, entering into
the outflow site, identification of the fistulous jet within the entry
site, and demonstration of the presence or absence of a dilated
donor artery. Dilatation of the fistula-related artery is thought
to be present when a disproportionate relation is found between
the size of the coronary artery and the amount of myocardial
territory it supplies.

Physiological assessment

Signal loss (flow void), which is detected when an influxing
jet of turbulent flow into 2 perpendicular planes (e.g., transver-
sal and sagittal), is seen waxing and weaning into the recipient
cardiac chambers or great thoracic vessels. Patients suitable for
CMR application are those with symptomatic congenital CAFs
originating from the right, left or both coronary arteries and
terminating into the right half of the heart.

CONCLUSION

CMR is a non-invasive method that may provide additional
anatomic information and shunt flow measurement as compared
to conventional CAG in CAFs, provided that the diameter of the
fistulous vessel is large enough. Further improvement of CMR
techniques and future study of a larger number of cases are
needed for more precise assessment.

CMR is useful not only for identification of CAFs but also
for delineating their sites of origin and drainage. Furthermore,
CMR may provide, in some CAFs patients, additional physio-
logical data and definitive confirmation of CAFs. With its current
performance, however, it is not the diagnostic modality of first
choice when this anomaly is suspected and a prospective study
with high resolution 3D CMR imaging is warranted.

Study limitations

The present study included a small sample of patients. Inspite
of this limited number of patients, a good correlation was found
between the CMR measured and CAG assessed diameter of the
fistulous vessels

In this single-blind retrospective study, we investigated the
capability of CMR to detect the angiographically proven CAFs.
The small sample size and the design of the study did not permit
the calculation of the sensitivity and specificity of CMR for a
given size CAFs. .Only in patients where CAG and CMR were
available, a comparison could be made. It comprised a small
number of survey-based subjects. In view of the limited number
of patients studied for flow measurement by CMR, the compar-
ison was limited between the two methods. Future prospective
studies in large number of patients with continuous murmur are
required to determine the clinical value of CMR in patients with
CAFs.

The authors appreciate the assistance of Dutch Cardiac
Centres (appendix 1) and of Mrs. M.A. Belderok and Mr. M.
Mintjens during the preparation of the manuscript.
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APPENDIX 1

Participating Dutch centres (in alphabetical

order)

W.G. de Voogt, MD, R.G.E.J. Groutars, MD, B. Ilmer, MD,

A.R. Willems, MD, J. Visser, MD, St Lucas-Andreas Hospi-
tal Amsterdam; W.A.A.J. van Ekelen, MD, P.E. Polak, MD, St
Anna Hospital Geldrop; J.A.J. de Boo, MD, A.H. Liem, MD,
H.W.O. Roeters van Lennep, MD, Oosterschelde Hospital Goes;
B. van Vlies, MD, A.J. Funke Kiipper, MD, Kennemer Gasthuis
Haarlem; A. Derks, MD, H.T. Droste, MD, J.H. Fast, MD, Hos-
pital group Twente, Location Hengelo; D.G. de Waal, MD, Wa-
terland Hospital Purmerend; D.E.P. de Waard, MD, Antonius
Hospital Sneek; C.L.J.M. van Engelen, MD, Zaans Medical Cen-
tre De Heel Zaandam; W.J. Louridtz, MD, H.A. Oude Luttikhuis,
MD, Isala clinics, location Sophia, Zwolle.
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