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Transcatheter closure of coronary artery fistula using Guglielmi detachable coil
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Abstract

Background Coronary artery fistula (CAF) is a rare anomaly. Transcatheter CAF closure has been introduced using various
materials, but only few data are available on the Guglielmi detachable coil (GDC). The advantage of using GDC for transcatheter CAF
closure is more controllable, therefore much safer when compared to other coils. This report is about our experience in transcatheter
closure of CAF using fibered GDC in our hospital. Methods & Results From 2002 to 2007, there were 10 patients with CAFs (age
range: 28 to 56 year-old, 7 males) who underwent transcatheter CAF closure. There were a total of 19 CAFs which originated from right
coronary (n = 5), left circumflex (n = 3), left anterior descending artery (n = 10) and left main trunk (n = 1). Median number of coil
deployment for each fistula was 3 (range: 1 to 6). The pulmonary artery was the most common site of the distal communication of CAFs
(n = 14), followed by right atrium (n = 3), left atrium (n = 1) and left ventricle (z = 1). Immediate coronary angiography after GDC
deployment revealed no residual shunt in 12 (63.2%) CAFs, significant reduction of the flow in 5 (26.3%), while 2 (10.5%) could not be
closed due to small size. Nine (90%) patients underwent a repeated angiography within 3 to 8 months. Among 12 CAFs that were
occluded immediately post-deployment, there were 2 CAFs with insignificant residual flow. Among 6 CAFs with significantly decreased
flow immediately post-deployment, 2 were occluded totally in the follow-up angiography. In total, 12 (70.5%) CAFs were occluded
completely and 5 (29.5%) CAFs still had insignificant residual flow, which did not need any additional coil deployment. During a mean
follow up of 4.3 + 0.7 year, all patients remained symptom and complication free. Conclusions The fibered GDC is a safe and effective
method for percutaneous closure of the CAFs.
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1 Introduction

Coronary artery fistula (CAF) is a rare anomaly. It
consists of abnormal communication between coronary
artery and one of the cardiac chambers or vessels adjacent to
the heart. CAFs were present in 0.002% of the general
population and were visualized in nearly 0.25% of patients
undergoing catheterization."* Their clinical importance
was usually seen in the period of adulthood, due to an
increased risk of complications, including heart failure,
myocardial ischemia, infective endocarditis, arrhythmias,
and rupture.* ®

Surgery and direct epicardial ligation were traditionally
viewed as the main therapeutic methods for the closure of

Correspondence to: Muhammad Munawar, MD, PhD, Bina Waluya
Cardiac Center/Department of Cardiology and Vascular Medicine, Faculty
of Medicine, University of Indonesia, Jakarta, Indonesia. E-mail:
muna@cbn.net.id
Telephone: +62-21-87781606
Received: August 19, 2011
Accepted: October 18,2011

Fax: +62-21-8403869
Revised: October 11, 2011
Published online: March 28, 2012

CAFs."”) Surgical correction is safe and effective, with good
results.* ! However, treatment of asymptomatic adult
patients with non-significant shunting was still a matter of
debate. Transcatheter closure of CAFs is a non-surgical
treatment option. Since its introduction in early 1980s,!'!
transcatheter closure of CAF is now widely available and
has been recognized for nearly a decade as an effective and
safe approach and provides good outcome. There are a
variety of devices being used for the closure including coils,
vascular plug, covered stent, and detachable balloon.52¢!
The Guglielmi detachable coil (GDC) (Boston Scientific/
Target Therapeutics, Boston, Mass, USA) is a platinum coil
commonly used in intracranial occlusion of brain
aneurysm.?"* Only few data are available on the use of
GDC for CAF closure.” Fibered GDC has robust throm-
bogenic properties and therefore presents a better alternative
for closing the fistula. GDC provides an additional
advantage over the other coils due to the ability to reposition
or even remove the coil when it was not in proper position,
which would minimize the risk of coil migration. This study
reported our experience of using these coils in the treatment
of CAF and the mid-term follow-up.
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2  Methods

2.1 Patient population

Consecutive patients diagnosed with CAF who underwent
transcatheter closure using fibered GDC were included in
this study. Patient baseline characteristics, hemodynamic
and angiographic data, and clinical status were collected
from the patient’s medical records. All patients were
diagnosed incidentally to have CAF during coronary angiogram.
Informed and written consent were obtained from all
patients. Clopidogrel 75 mg (O.D.) was given for 3 days
prior to procedure and was continued for at least one month.
Aspirin 160 mg (O.D.) was given for at least 6 months after
the procedure. During the procedure, heparin was given
intravenously at 100 units per kilogram bodyweight. CK-MB
and troponin T were not obtained routinely unless myocardial
injury was suspected.

2.2 Cardiac catheterization

The procedure was done to all patients in fasting state
and mild sedation. Percutaneous access by the Seldinger
technique was obtained from both the right femoral vein and
artery. After collection and analysis of hemodynamic data,
anatomy and dimensions of the coronary arteries, the CAFs
were determined using selective coronary angiograms.
Hand injection of contrast facilitated catheter positioning in
the distal CAF. Determination of the orificium of the CAF
was done by multiple views. Terminology of the CAF was
used according to the Dutch Registry ie., its origin,
pathway and termination.*”

We used fibered GDC as the occlusive device. A 2.0 F
microcatheter, either Progreat 2.0 (Terumo, Tokyo, Japan)
or Excesior 1018 (Boston Scientific, Natick, MA, USA) that
could accommodate 0.014 inch wires or GDC was used.
After determining the orificium of CAF, the microcatheter
was then introduced through guiding catheter over 0.014
inch hydrophilic coronary guidewire (Radiofocus, Guidewire M,
Terumo, Tokyo, Japan) until it was selectively positioned
within the CAF. The tip of the microcatheter was placed at
least 1 to 2 cm away from its orificium of the CAF to avoid
embolization of the coil into the distal coronary artery. The
GDC coil was deployed into the fistula through the micro-
catheter. After the coil was considered in a proper position
within the fistula (Figure 1 and 2), then it was detached. If
the blood flow within the fistula remained high, an
additional coil was inserted. Repeat angiography was
performed after removal of the microcatheter. The patient
was discharged on the second day after the procedure.
Repeat angiography was scheduled to be performed in 3 to
6 months following the procedure in order to evaluate the

flow within the fistula. Clinical follow-up was performed by
regular visits on a yearly basis.

2.3 Statistical analysis

The statistical analysis was performed using SPSS
version 17 software (SPSS Inc, Chicago, Illinois). Continuous
variables were expressed as the mean + SD and categorical
variables as proportions (%o).

3 Results

This study consisted of 10 patients (age range: 28~56
years, 70% male) with CAFs who underwent transcatheter
closure during the periods of 2002 to 2007. There were 3
patients with symptoms of angina pectoris, 1 patient complained
of shortness of breath, the rest were asymptomatic. Resting
electrocardiogram (ECG) and echocardiogram of all patients
were normal. All of the patients had a positive treadmill test,
but no structural heart diseases were detected. Two cases
were associated with significant coronary artery disease and
underwent coronary stenting in addition to CAF closure.

Figure 1.  Transcatheter closure of LAD fistula using Guglielmi
detachable coil in a patient with no symptoms. (A): Before coiling;
(B): After 2 GDCs deployment, there was still insignificant flow in
the fistula; (C): Four months after coiling. The flow from another
fistula (from LCX, white arrow) was seen, but the fistula originated
from LAD was totally occluded. The distal LAD became larger
(black arrow) due to lack of stealing phenomenon. (D): LAO
cranial position, the fistula originated from LAD was clearly seen
and was totally occluded. GDCs: Guglielmi detachable coil; LCX:
left circumflex; LAD: left anterior descending; LAO: left anterior
oblique.
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Figure 2.  Transcatheter closure of LAD fistula using Guglielmi
detachable coil in a 54-year-old man with shortness of breath and

positive treadmill test. (A): AV fistula from mid LAD to PA; (B):

Just after 1 coil deployment, the flow was absent (black arrow); (C):

Three months after coil deployment, an insignificant flow reappeared
at the CAF (black arrow). AV: Arteriovenous; LAD: left anterior
descending; PA: pulmonary artery.

The baseline characteristics of the patients are presented in
Table 1. The detailed fistula type, coils used and outcome in
patients are listed in Table 2. After the procedure, all patients
had no ECG changes or symptoms suggesting myocardial
injury. Therefore, we did not perform echocardiogram or
obtain CK-MB or troponin T level following the procedure.
Nineteen CAFs were detected during the cardiac
catheterization. They consisted of 16 unilateral, 1 bilateral
and 3 multilateral communications. The proximal sites of

Table 1.  Patient characteristics.
Patient Sex Age (years) Sign Symptoms  Associate lesion

EN F 52 Nil Nil Nil

ZAE M 48 Murmur  Angina Significant LAD
stenosis

SAM M 41 Nil Angina Significant LAD
stenosis

TON M 54 Nil SoB Nil

PUD M 28 Nil Nil Nil

HW M 51 Nil Nil Nil

LUH M 49 Nil Nil Nil

MAD F 35 Nil Angina Insignificant LAD
stenosis

SYA M 36 Nil Nil Nil

RAB F 56 Nil Nil Nil

F: female; M: male; LAD: left anterior descending artery; SoB: shortness of
breath.

Table2.  Details of fistula type, coils used and outcome in
patients undergoing CAF closure.

Patient Fistula type Fistula size  No. of coils Outcome
(mm) used
EN LAD to PA 3 2 Totally occluded
LAD to PA 4 3 Totally occluded
ZAE LAD to PA 2 1 Totally occluded
SAM LAD to PA 4 3 Insignificant flow
TON LADtoPA 3 1 Totally occluded
RCAto PA 3 2 Totally occluded
PUD RCAtoRA 2 1 Totally occluded
LM to PA 2 1 Totally occluded
HW LADtoPA 3 2 Insignificant flow
RCAtoRA 3 2 Totally occluded
LAD to PA 4 3 Totally occluded
LUH LCXto LA 1 - Cannot be closed due
to small CAF
MAD LADto PA 3 1 Insignificant flow
LAD to PA 4 3 Totally occluded
SYA LCXtoLV 6 3 Totally occluded
RCAto RA 3 2 Insignificant flow
LAD to PA 3 2 Insignificant flow
RAB LCXtoPA 1 - Cannot be closed due
to small CAF
RCAtoRA 8 3 Totally occluded

CAF: coronary artery fistula; LAD: left anterior descending; LCX: left
circumflex; RCA: right coronary artery; LM: left main; PA: pulmonary
artery.

communication were originated from left anterior descending
artery (n = 10), right coronary artery (n = 5), left circumflex
artery (n = 3) and left main trunk (» = 1). The pulmonary
artery (n = 13) was the most common site of distal commu-
nication of the CAFs, followed by the right atrium (n = 3), left
atrium (n = 1), and left ventricle (n = 1). The mean CAF
size was 3.3 = 1.6 mm (range: 1 to 8 mm). All patients
underwent transcatheter closure using fibered GDC. All coil
deployments were performed retrogradely (via the femoral
artery). Median number of fibered GDCs was 3 (range: 1 to 6).
The mean procedure time was 45 £ 19 min (range: 34 to 73
min). The mean fluoroscopy time was 12 £ 6 min (range:
8~19 min). Coronary angiography immediately after GDC
deployment revealed no residual shunt in 12 (63.2%) CAFs,
in 5 (26.3%) had significant decrease in the flow, while in 2
(10.5%) CAFs could not be closed due to small sizes. Nine
patients (90%) underwent repeat angiograms within 3 to 8
months (mean: 4.3 + 0.9 months) after the CAF closure
procedure. Among 12 CAFs that occluded immediately
following the first procedure, there were 2 CAFs with an
insignificant residual flow within the fistula (Figure 2).
Among 6 CAFs that had significantly decreased flow
immediately post-deployment, there were 2 CAFs occluded
totally during the follow-up angiography. Therefore, the total
number of CAFs completely occluded was 12 (70.5%) and
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the remaining 5 (29.5%) CAFs had an insignificant residual
flow. No additional coils were added in the patients during
repeat angiography follow-up. After a mean follow up of
4.3 £ 0.7 year, all patients remained symptom and compli-
cation free.

4 Discussion

The first case of transcatheter embolization therapy was
performed in 1960 by Luessenhop et al.*'! They reported a
47-year-old woman with cerebral arteriovenous malformation
and was treated by injecting spherical plastic emboli into the
carotid artery. Since then, numerous devices and materials
have been used to occlude vascular structure in various
clinical settings."” Reidy ar al!" reported the first successful
transcatheter closure of congenital CAF in 1983. Subsequently,
many authors have demonstrated the feasibility of transcatheter
occlusion of CAF using different devices and materials.!"> %!
However, all of the reports were limited in patient numbers
and follow-up data. The largest series was reported by
Armsby at al™ on 35 cases over twelve years with
transcatheter closures of CAF using coils in 28 patients,
umbrella devices in 6 patients and the Gritka vascular
occlusion device in 1 patient. Post-deployment angiograms
demonstrated complete occlusion in 19 cases, traces in 11
cases, and small residual flow in 5 cases. Follow-up echo-
cardiograms (median: 2.8 years) in 27 patients showed no
flow in 22 and small residual flow in 5. Of the 6 patients
without imaging follow-up, immediate post-deployment
angiograms showed complete occlusion in 5 patients and
small residual flow in 1 patient. Thus, complete occlusion
was accomplished in 27 (82%) patients. Early complications
included transient ST-T wave changes in 5 patients,
transient arrhythmias in 4 patients and single instances of
distal coronary artery spasm, fistula dissection and unretrieved
coil embolization. There were neither deaths nor long-term
morbidity. Perry at al.** reported transcatheter CAF closure
on nine patients. There were three CAFs from the LCX
artery to the coronary sinus, three from the LAD to the right
ventricular apex, two from the RCA to the superior vena
cava/right atrial junction and one CAF from the LCX to the
pulmonary artery. The CAFs was closed with Gianturco
coils in six patients, a double-umbrella device in two and a
combination of an umbrella and coils in one patient. All
CAFs were completely occluded. Complications consisted
of migration of two coils, one of which was retrieved, and a
transient junctional tachycardia in one patient. In three
patients with multiple CAFs, transcatheter occlusion was
not attempted.”*”!

To the best of our knowledge, there has been only one
report of transcatheter closure of CAF using GDCs by
Tacoy et al™ In their report of a 35-year-old man
complained of chest pain who had severe tortuous fistula
arising from distal LCX, the CAF was completely closed by
multiple insertion of GDCs. The GDC system consists of a
soft platinum coil soldered to a stainless steel delivery wire.
When the GDC is in proper position within CAF, a 1 mA
current is applied to the delivery wire. The electric current
dissolved the stainless steel delivery wire proximal to the
platinum coil by means of electrolysis. Therefore, using this
device would avoid coil migration and embolization.****!
Large clinical trials showed the safety and efficacy of GDCs
in endovascular treatment.*® In our case, we used GDCs
not only because it is easy to perform , but due to the con-
trollable coil manipulation which could prevent coil embo-
lization and minimize complications.

Transcatheter closure of CAF is relatively safe, but death
has been reported.®" Armsby et al" reported a very low
rate of complications. Among 35 cases, there were 5
patients with early complications including transient ST-T
wave changes, 4 patients developed transient arrhythmias, 1
patient had a distal coronary artery spasm, 1 patient developed
fistula dissection and 1 patient experienced unretrieved coil
embolization. There were neither deaths nor long-term morbi-
dity in their study.!"”! In our case series, all patients were
free from symptoms and complications during follow-up.

The most important factor in this procedure is to choose
the coil size, which exceeded the diameter of the CAFs by at
least 30%, in order to prevent coil repositioning or migration.
The limitation of this coil is its relatively more expensive
when compared to other coils. In our series, we did not have
a case of giant fistula, which has been reported in other
studies.®**! However, if such a case was encountered, a
number of coils may be required, or we might use another
closure device, such as a vascular plug (Aga Medical Corp.,
Minneapolis, USA). This device should be used for large
CAFs and its orificium should be at close proximity to the
ostium of the coronary artery, because of the stiffness of its
delivery cable. The tip of the guiding catheter for delivering
the vascular plug should be placed around 0.5 to 1 cm from
the orificium at the proximal of the fistula. If the orificium
of the fistula is quite far from the ostium of the coronary
artery, the delivery cable could result in injury of the
coronary artery. The delivery catheter should also engage 1
to 2 cm within proximal of the fistula. The stiffness of the
cable could also cause difficulty to manipulate.

In conclusion, transcatheter coil embolization using
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fibered GDC coil in selected patient with CAF is safe and
effective.

4.1 Study limitations

This study is a case series of transcatheter closure of

CAF and is done retrospectively. Therefore, it will not
represent the non-surgical treatment of all CAF cases and
not included those having a large CAF. A prospective and
multicenter study or registry on transcatheter closure of
CAF using this device may be needed.
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