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Hybrid Therapy for Rapid
Enlargement of Hibernating
Coronary Arteriovenous Fistulas
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The use of hybrid therapy for recurrent multiple
coronary arteriovenous fistulas in a 56-year-old woman
is reported. The patient underwent surgical closure of
a coronary arteriovenous fistula of the right coronary
artery under cardiopulmonary bypass at 47 years of
age. Reoperation was required 9 years later for recur-
rence of the same fistula. It was divided under a
beating heart. Early postoperative angiography
showed complete occlusion of the right coronary fis-
tula. However, hibernating fistulas of the left circum-
flex artery, which had been left untouched because of
insignificant shunt with no remarkable change for 9
years, increased in size rapidly. Transcatheter emboli-
zation was successfully performed for these residual
fistulas.
(Ann Thorac Surg 2007;83:1532~-4)
© 2007 by The Society of Thoracic Surgeons

urgery for coronary arteriovenous fistula (CAVF) can
be accomplished with very low morbidity and mor-
tality [1-4]. Complete surgical closure of multiple CAVFs
is sometimes difficult, however, because of complex anat-
omy and often, multiple sites of origin. This report
describes a case of successful hybrid therapy in a 56-
year-old patient with a late recurrent fistula of the right
coronary artery (RCA) and hibernating fistulas of the left
circumflex artery that showed rapid enlargement soon
after closure of the RCA fistula.

A 46-year-old woman was referred to our institution for
evaluation of a murmur. Selective coronary angiography
visualized a large RCA fistula draining into the coronary
sinus (Fig 1A). Small fistulas at distal sites of the circum-
flex artery were also noticed (Fig 1B). Oximetry demon-
strated a 2.5:1 left-to right shunt. :

At the age of 47 years, the patient underwent surgical
correction under cardiopulmonary bypass and cardiople-
gia. The dilated RCA near the crux was opened, and the
proximal opening of the fistula was closed directly. The

Accepted for publication Oct 2, 2006.
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Cardiovascular Surgery, 5-7-1 Fujishirodai, Suita, Osaka 565-8565 Japan;
e-mail: otagusar@hsp.ncvc.go.jp.

0003-4975/07/%$32.00
doi:10.1016/j.athoracsur.2006.10.004

_64_



Ann Thorac Surg
2007;83:1532-4

circumflex fistulas were left untouched because of insig-
nificant shunt. The patient made an uneventful recovery.
Postoperative catheterization showed only a 1.08:1 left-
to-right shunt despite a small residual shunt of the RCA.

When the patient was 56 years old, she repeatedly
underwent cardiac catheterization because follow-up
echocardiograms showed increased shunting. Coronary
angiography showed similar findings to those in previous
examinations of fistulas from both the RCA (Fig 2A) and
circumflex artery (Fig 2B). Oximetry revealed a 1.72:1
left-to-right shunt.

Reoperation was performed through a repeat median
sternotomy. The dilated RCA was shown to pursue a
tortuous course along the epicardial surface of the right
atrioventricular groove. Extracardiac dissection and iso-
lation of the fistula were performed using a Starfish
(Medtronic, Minneapolis, MN) heart positioner. The
thickened fistula was divided after temporary occlusion
of the fistula showed no ischemic response. Meanwhile,
the circumflex fistulas were left because the shunt was
insignificant, with no remarkable change for 9 years after
the first preoperative coronary angiography.

On postoperative day 9, angiography showed that the
dilated proximal RCA was occluded by thrombus
(Fig 3A), and the distal RCA was filled by collateral
arteries from the circumflex artery. Oximetry results
almost normalized, with a 1.1:1 left-to-right shunt. An
unexpected finding was that the sizes of the circumflex
fistulas were significantly increased (Fig 3B). According
to the coronary angiography findings, the fistulas had

CASE REPORT OYAMADA ET AL 1533
HYBRID THERAPY FOR CORONARY FISTULAS

Fig 1. Coronary angiography before the
initial operation. (A) A large right coronary
fistula drained into the coronary sinus. (B)
Fistulas of the left circumflex coronary artery
were small.

three feeding arteries from the end of the circumflex
artery draining into the coronary sinus.

A percutaneous transcatheter embolization was therefore
performed to occlude all feeding arteries, which was ac-
complished with 19 microcoils (GDCTM Fibered VortX
Shape, Boston Scientific, Natick, MA; Fig 4). Two years after
hybrid therapy, the patient’s condition was good, and
follow-up echocardiogram showed no significant shunting,.

Comment

Coronary arteriovenous fistula is a rare congenital anomaly
that can be complicated by congestive heart failure, angina,
endocarditis, or rupture of a coronary aneurysm. Hence,

" early surgical intervention has been recommended to pre-

vent the development of significant and potentially fatal
complications. In addition, recent reports have emphasized
the efficacy of percutaneous transcatheter techniques for
the treatment of CAVF. The clinical decision of intervention
or surgery is usually based on angiographic findings or an
abnormal hemodynamic status.

In this patient, there were two issues in the clinical
course. The first was the recurrence of the RCA fistula
after the first operation. In the angiographic findings
before the second operation, the location of the shunt
flow was similar to that of the angiographic findings
before the first operation. On the basis of these results,
the cause of recurrence might have been dehiscence of
friable tissue that was directly closed. The second issue

Fig 2. Coronary angiography before the sec-
ond operation. (A) A recurrent right coronary
fistula showed large shunting. (B) Circumflex
fistulas showed no remarkable change and
were still insignificant.
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Fig 3. Coronary angiography after the second
operation. (A) The dilated right coronary ar-
tery was occluded by thrombus. (B) Hibernat-
ing fistulas rapidly increased in size after
closure of the main fistula.

was the rapid enlargement of the hibernating circumflex
fistulas after the redo operation.

It is generally accepted that small asymptomatic fistu-
las should be managed conservatively because of the
possibility of spontaneous closure [5, 6]; therefore, the
circumflex fistulas, which were small and showed no
remarkable change for 9 years, were ignored at the
second operation. Regarding the potential long-term risk
of enlargement, we considered elective transcatheter
embolization. However, early postoperative angiography
revealed that the hibernating fistulas rapidly increased in
size, while the main fistula in the opposite coronary
system disappeared and the dilated proximal RCA was
thrombosed. Moreover, the distal RCA was opacified
owing to retrograde flow from collateral arteries from the
circumflex fistulas, which had not been recognized be-
fore. This showed that collateral circulation from the
circumflex coronary system had rapidly increased to
maintain the blood supply of the thrombosed RCA.

The phenomena of proximal thrombosis and distal

]

‘VQ‘&‘\

2 x

Fig 4. Left coronary angiography after coil embolization. Circumflex
fistulas were occluded by percutaneous transcatheter embolization.

Ann Thorac Surg
2007;83:1532-4

circulation filled by collaterals have been reported as
prevalent findings [4], but in this case we report opposite
coronary fistulas hibernating for 9 years that showed
rapid enlargement soon after closure of the main fistula.
The precise mechanism of this rapid enlargement is
difficult to prove, but we propose that the possible
mechanism is the acute change of turbulent flow in the
coronary sinus by abrupt termination of coronary blood
flow from the RCA.

Transcatheter embolization was finally adopted to treat
these multiple, growing fistulas. Several criteria exist for the
performance of coil occlusion, such as absence of a single
narrow drainage site, absence of large branch vessels, and
safe access to the coronary artery. Close follow-up is also
required because the long-term outcome after coil emboli-
zation remains unknown [7, 8]. Hybrid therapy should,
however, be considered the treatment of choice for coro-
nary arteriovenous fistulas that are difficult to close com-
pletely by surgical intervention because of complex anat-
omy and multiple sites of origin.
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Abstract

Objective: -

In coronary artery bypass grafting (CABG), utility of an in-situ internal thoracic artery
(ITA) to the left anterior descending artery (LAD) is well accepted. However, an ITA
graft shows ‘string sign’, when the graft flow in the bypass graft is not sufficient.
Although moderate stenosis in the native coronary stenosis is reported as the
commonest cause for this phenomenon, the patent SVG from ascending aorta can be a
cause of insufficient flow in the in-situ ITA graft, because it has greater flow capacity
than the in-situ ITA graft. In present study, we examined the negative impact of
concomitant SVG in the left coronary artery (LCA) on the long-term patency of ITA to
LAD bypass aiming at establishing optimal strategy for graft arrangement.

Methods:

We reviewed coronary angiograms of 313 patients who underwent CABG with two
bypasses to LCA including one in-situ ITA to LAD graft and early postoperative
angiography between March 1986 and December 2006. Patients who had an occluded
graft in the early angiography, or had a composite or sequential graft, were excluded
from this study. In 64 patie'nts, bilateral ITAs were individually anastomosed to LAD
and another LCA branch(BITA group). ITA to LAD and SVG to another LCA branch
bypasses were performed in 249 patieﬁts(ITA/ SV group). The mean follow-up period
was 6.8+4.9 years.

Results:

The cumulative patency rate of ITA-LAD bypass at 10 years was 100% in BITA group,
and 81.4% in ITA/SV group. 14(6%) of ITA-LAD bypass was occluded in ITA/SV
group. When investigating with regard to a degree of native coronary stenosis between
two anastomotic sites in ITA/SV group, the cumulative graft patency rate of ITA-LAD
bypass at 5 years was 98.6% in patients with severe stenosis(>90%), whereas 82.3% in
patients without severe stenosis(p<.0001).

Conclusions:

Patency of the ITA to LAD bypass was affected by concomitant SVG to LCA,
particularly when the native coronary stenosis between two anastomotic sites was not
severe. Competitive flow from SVG could play an important role in failure of the
ITA-LAD graft.
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Introduction _

In coronary artery bypass grafting (CABG), utilization of ITA has been decreased
operative mortality and has not been increased operative complications (7.8). The
internal thoracic artery (ITA) to the left anterior descending artery (LAD) in coronary
revascularization has been proven to be superior long-term patency rate (1) and
improving long-term mortality and morbidity for patients with coronary artery disease
(2.3.4.5.6) compared to use of vein graft to the LAD.

On the other hand, it has been reported that the ITA graft has a significant disadvantage,
that is, competitive flow in the ITA graft cause ‘string sign’, which represents
narrowing of the artery along its whole length (9). Competitive flow can often arise
either when the flow capacity of the graft is insufficient, or when the flow capacity of
the native coronary artery is too high. Several previous studies revealed that the
incidence of this phenomenon was inversely correlated with severity of native coronary
stenosis (10.11.12).

'Recently, in graft arrangement of CABG, various grafts, such as ITA, radial artery,
gastroepiproic artery and saphenous vein graft (SVG) are applied and designed as
various configurations. There are several reports investigating hemodynamic features
of bypass grafts. Kawasuji and colleagues compared the flow capacities of arterial
grafts and SVG and demonstrated that the flow capacity, which represented blood
pressure in diastole, of the in-situ ITA graft was less than that of SVG, the proximal
anastomosis of which put on the ascending aorta (13). Therefore, when the two bypass
grafts, which had different blood pressure, were connected with the same coronary
artery system, there may be negative interactions to each other. These negative effects
of one bypass graft to the other graft have not fully delineated, yet.

The purpose of this study is to examine the effect of concomitant SVG on long-term
patency of the ITA graft to LAD and to consider about an optimal graft arrangement in
coronary revascularization.

Materials and Methods

We reviewed coronary angiograms of 313 patients who underwent CABG with two
bypasses to LCA including one in-situ ITA to LAD graft and early postoperative
angiography between March 1986 and December 2006. There was 263 men and 50
women with mean age of 60.9+8.9 years (table 1). CABG with two distal anastomoses
in LCA was 93 patients and CABG with two distal anastomoses in LCA and one distal
anastomosis in RCA was 220 patients. Second target branches in LCA were the
diagonal branch (Dx; 43) or the left circumflex branch (LCX;.270). The kinds of grafts
which applied for CABG in this study were ITA and SVG. All grafts were
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individually anastomosed to target vessels. Patients were excluded from this study if
they had an occluded graft in the early angiography, or had a composite or sequential
graft.

All coronary angiographies were independently evaluated by cardiologists for the native
coronary artery stenosis and the graft patency, respectively. The degrees of stenosis in
the precise measurement of the minimal luminal diameter were graded as 51% to 75%,
76% to 90%, and 91% to 100%. The maximal severity of stenosis was recorded for all
coronary branches.

Patients were divided into two groups according to graft selection in LCA (table 2).
BITA group consisted of 64 patients. In this group, the bilateral in situ ITA were
individually anastomosed to the LAD and another LCA branch (Dx or LCX)(figure 1).
In ITA/SV group, 249 patients had a single in situ ITA to LAD and SVG to another
LCA branch bypasses (Dx or LCX) were (figure 2). In our institution, off-pump
CABG with total arterial revascularization has been introduced in 2000. At the
baseline, in BITA group, off-pump CABG was carried out with significantly higher rate
than in ITA/SV group. Comparing to ITA/SV group, patients with male sex and
hypertension were included in BITA group with significantly higher rate. ~On the other
hand, the population of CABG with three distal anastomoses was significantly higher in
ITA/SV group than in BITA group.

Operative technique

In our institution, CABG has been carried out with off-pump technique from December
2000. Until December 2000, we performed on-pump CABG. The heart was exposed
through a median sternotomy incision. On-pump CABG was done in a standardized
fashion with ascending aortic cannulation and single venous cannulation of the right
atrium. The core temperature was kept between 32° and 34°C. Intermittent tepid
blood cardioplegia was infused antegradely and retrogradely. Our standard technique
of off-pump CABG has been reported previously (14). A stabilizer and an apical
suction device was used for off-pump CABG and a retract-O-tape (Quest Medical, Inc.,
Allen, TX) was placed for temporary proximal occlusion. While suturing coronary
anastomosis, the surgical field was maintained by COz2 blower and an intracoronary
shunt (Anastaflo;Edward Lifescience, Irvine, California[for 1.5-mm and 2.0-mm
vessels], or Clearview; Medtronic, Minneapolis,Minnesota[for 1.0-mm and 1.25-mm
vessels]). In the present study, the ITA was harvested using either conventional
(combined with vein and fascia), or semiskeletonized (partially combined with vein) or
skeletonized technique (14). All distal portion of ITA grafts were larger than 1.5mm
in diameter assessed by insertion of 1.5 mm flexible probe.
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Long-term patency rate of the ITA to LAD bypass

We calculated long-term patency rate of the ITA-LAD bypass from late coronary
angiogram and examined whether severity of the native coronary stenosis between two
anastomoses site of LAD and LCX affected on the long-term patency rate of the
ITA-LAD bypass. The mean follow-up period was 6.8+4.9 years. The repeated
coronary angiograms (more than twice) were performed on 133 patients
(42.5%;133/313).

Statistical analysis

The continuous variables are expressed as the mean values + standard deviations, and
compared by the unpaired Student’s t-test between the two groups. The data of two
independent groups were compared by Fisher’s exact probability test. The
Kaplan-Meier methods was used to determined the cumulative graft patency rate. The
differences in the outcomes were considered statistically significant at a probability
value <0.05.

Results

In ITA/SV group, 14 bypass grafts were occluded during the follow-up
period(5.6%,14/249). In BITA group, all ITA-LAD bypasses were patent during
follow-up period, whereas the cumulative patecy rate of the ITA-LAD bypass in
ITA/SV group was 94.9% at 5 years, 81.4% at 10 years, respectively (figure 3).

The ITA/SV group was divided to two subgroups regarding to severity of native
coronary stenosis between two distal anastomotic sites in LCA territory (figure 4) .
The ITA/SV-I subgroup consisted of 189 patients and there was severe stenosis, which
was defined as more than 76%, between two anastomostic sites in ITA/SV-I subgroup.
Sixty patients belonged to ITA/SV-II subgroup and ITA/SV-II subgroup had less than
75% stenosis between two anastomoses sites. In the late results, 5 ITA to LAD grafts
were occluded in ITA/SV-I subgroup(2.6%, 5/189), whereas 9 in ITA/SV-II
subgroup(15%, 9/60),respectively. The cumulative patency rate of the ITA-LAD bypass
in ITA/SV-I subgroup was 98.6% at 5 years, 91.2% at 10 years, respectively. On the
other hand, the cumulative patency rate of the ITA-LAD bypass in [TA/SV-II subgroup
was 82.3% at 5 years, 45.6% at 10 years, respectively (p<.0001)(figure 5).
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Discussion

Some differences between ITA graft and SVG were reported. It is well known that the
long-term patency rate and graft durability of the in-situ ITA is higher than that of the
SVG. As a characteristics of the saphenous vein graft, Campeau and associates reported
that atherosclerotic change, which was widely known as ‘vein disease’, was frequently
found during long follow-up periods by means of sequential coronary angiography (18),
while it rarely occur in the ITA graft. Moreover, regarding hemodynamics, SVG has
higher flow capacity than that of the in-situ ITA graft (13). High flow capacity of
SVG was owing to higher blood pressure in an aortocoronary bypass than that in the
in-situ ITA graft, as well as its larger diameter than the in-situ ITA graft.

To examine long-term interactions between the different features of grafts, only patients
who had a simple graft arrangement for coronary artery disease were included in the
present study, whereas patients who had occluded graft in the early coronary angiogram
were excluded. Especially, we focused on the chronic effects on the ITA-LAD bypass,
because the patency of the ITA to LAD bypass is clinically important for survival of
patients after CABG.

In the results, there was no occlusion of the ITA to LAD graft in patients bilateral ITAs
were used. On the contrary, 14 ITA to LAD grafts were occluded in patients who had
patent SVG to the other branch of left coronary artery (figure 3). These results
suggested that type of second graft in LCA influenced to the patency rate of the
ITA-LAD bypass and SVG could have negative impact on the ITA-LAD bypass. In
addition, when we explored the patency rate of ITA-LAD bypass with concomitant
SVG in LCA regarding to degree of native coronary stenosis between two distal
anastomoses, the patecy rate of ITA-LAD bypass having moderate stenosis (less than
75%) between two distal anastomotic sites was significantly lower than that of
ITA-LAD bypass having severe stenosis (more than 76%)(figure 5). These suggested
that concomitant SVG affected on patency of the ITA-LAD bypass, particularly when
the native coronary stenosis between two distal anastomoses in the LCA was not severe.
We carefully reviewed early and late coronary angiograms of the occluded ITA-LAD
bypass of 4 patients. A representative case was shown in figure 6. An ITA graft,
which anastomosed to the LAD, showed ‘string sign’ three years after the operation.
On the other hand, SVG, which anastomosed to marginal branch, was well patent, and
this strong bypass flow from SVG opacified not only LCX but also LAD. In addition,
the ITA graft was visualized by retrograde flow from SVG injection. It suggested that
the presence of the patent SVG and reduced blood flow in the ITA would be a reason
for the ITA-LAD bypass failure. These results demonstrated that patent SVG
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anastomosed to LCX could be a cause of competitive flow in the ITA to LAD and
resultant the ITA-LAD bypass failure, and this would be a critical disadvantage of the
venous graft.

Schmidt and colleagues reported the clinical results of CABG for patients undergoing
isolated myocardial revascularization with bilateral ITAs and supplemental vein grafts.
In their report, the cumulative survival rate of patients who received bilateral ITA grafts
to branches of the left coronary artery showed a significant higher, as compared to that
of patients who received bypsses of left ITA gfaft to the left coronary artery and right
ITA graft to the right coronary artery (19). Previously, this was exclusively due to
inferior patency of venous graft and importance of the circumflex artery over right
coronary artery. However, inferior patency of ITA to LAD graft with the use of SVG
to LCX, as shown in the present study, may be another possible explanation for superior
prognosis of patients with bilateral ITA grafts to the branches of the left coronary artery.
We previously reported the significance of graft arrangement for long-term patency of
multiple arterial grafts by examining the incidence of competitive and reverse flows in
series of off-pump coronary revascularization with total arterial grafts and composite
grafts (15.16.17). In these studies, the moderately stenotic right coronary artery
(RCA) territory and the number of distal anastomotic site of the composite graft were
significant predictors of the competitive flow and graft occlusion (15). In addition,
some specific situations should be avoided for prevention of such flows (16). On the
other hand, the type of composite graft and the diameter of the target coronary branch
did not significantly correlate with the outcome (16). To achieve the advantages of
arterial materials, and to minimize the incidence of cardiac events after CABG (17), we
believe that graft arrangement with maximizing the antegrade bypass flow in the arterial
grafts to the important coronary branch, such as LAD, plays important roles.
Limitations of the present study are as follows. First, this study is retrospective and
non-randomized. The number of patients and bypass grafts were not enough to
conclude this issue. In addition, progression of the native coronary stenosis and
domonancy of the left or right coronary artery were not concerned. However, patients
in this study are consecutive and results demonstrated obvious differences. The results
of this study imply that suitability of venous graft to LCX should be carefully assessed.
In patients who underwent CABG using both an in-situ ITA graft and SVG from the
ascending aorta, we have to take a possibility of competitive flow from SVG into
account, especially when the native coronary stenosis between the two target sites was
not severe. The patency of the in-situ ITA graft would be affected by the whole graft

arrangement, as well as the characteristics of coronary arteries, which included position
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and severity of native coronary stenosis. In considering the optimal graft arrangement
to receive benefits of arterial materials, theses results would be useful.

In conclusion, a patent SVG affected ITA-LAD graft patency, particularly when native
coronary stenosis between the two distal anastomotic sites was not severe.

Competitive flow from not only native coronary artery but also SVG plays a crucial role
in failure of the ITA bypass graft.
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