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Case Report

The lurking potential of tangential forces: A case of
an arteriovenous shunt developed by percutaneous
coronary intervention for the septal branch
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KEYWORDS Summary We describe the case of a 59-year-old male. His first percutaneous coronary inter-
Angioplasty; vention (ECI) using a t?are metal stent was performed for a 90% stenosis in the mid portion of the
Perforation; left anterior descending artery (LAD). However, we performed re-PCl because in-stent resteno-
Shunt; sis developed during a chronic stage. After the first dilatation of the restenotic lesion, using a
cutting balloon, the stenosis at the ostium of the septal branch, which takes off from the stent
strut, became exacerbated. Therefore, after selective guidewire insertion to the septal branch,
we performed balloon inflation. Unfortunately, a coronary dissection and perforation developed
in the septal branch and a coronary arteriovenous shunt was also formed. Additional inflation
for in-stent restenosis with a perfusion balloon provided successful occlusion of the ostium of
the septal branch and the shunt flow disappeared. After careful re-selection of a guide wire
into the septal branch, the perforated portion was then dilated using a small-sized conventional
balloon. Finally, reperfusion of the septal branch was accomplished without any angiographic
sign of coronary dissection, perforation or shunt. We herein report a rare case of coronary
arteriovenous shunt formation due to the dissection and perforation of a coronary artery.

© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.

Size mismatch

Introduction cardiac tamponade [1]. We herein present a rare case of
a coronary arteriovenous shunt associated with a coronary
Although a perforation of a coronary artery rarely devel- ~ Perforation during PCI.

ops during percutaneous coronary intervention (PCl), it can
sometimes be fatal due to critical complications such as Case report

A 59-year-old male with symptoms of chest pain during exer-
* Corresponding author. tion and drinking was admitted to our hospital. His coronary
E-mail address: hhashida@ehime-nh.go.jp (H. Hashida). risk factors were smoking and diabetes mellitus. Coronary
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Figure 1  Coronary angiogram revealed in-stent restenosis in
mid portion of left anterior descending artery (indicated by the
arrow).

angiography revealed a significant stenosis in the left cir-
cumflex artery (LCx) and the mid portion of the left anterior
descending artery (LAD). After the first PCl for the LCx, the
second PCI for a 90% stenosis in the LAD was successfully per-
formed with implantation of bare metal stents (Duraflex™
3.0/8-mm and 3.0/25-mm, Goodman, Nagoya, Japan). A
follow-up coronary angiography performed 6 months later,
however, revealed a significant restenosis in the proxi-
mal stent site (Fig. 1) and a third PCI was performed for
that lesion. Pre-procedure medications included 100 mg/day
of aspirin and 200 mg/day of cilostazol. After the sheath
insertion, 5000 units of heparin was intravenously adminis-
tered, followed by continuous infusion at 400 units/h. A right
radial artery approach was taken using a 5F-guiding catheter
(Heartrail JL3.5™, Terumo, Tokyo, Japan). After two guide
wires (Runthrough NS™ Terumo) were placed in the septal
branch diverging from the stent placement and the 2nd diag-
onal branch, a third guide wire (Whisper™, Guidant, Santa
Clara, CA, USA) was selected for the distal LAD. Then, the
first dilatation of the culprit lesion was attempted using a
cutting balloon (Cutting Balloon™ Ultra 2.5/10-mm, Boston
Scientific, Maple Grove, MN, USA). However, the balloon did
not advance to the stenosed lesion. After the removal of
the two side branch guide wires, the balloon was then suc-
cessfully advanced to the stenosed lesion and the lesion was
dilated using the cutting balloon with nominal pressure. The
stenosis at the ostium of the septal branch became exacer-
bated after dilatation, so the guide wire (Runthrough NS™)
was again advanced through the stent strut and the septal
branch was dilated using a conventional balloon (Maverick
2™ 2.25/20-mm, Boston Scientific) (Fig. 2). After 12 atm of
balloon inflation was attempted due to indentation, which
remained at the septal branch, the coronary flow suddenly
became disrupted at the middle of the septal branch (Fig. 3).
The angiogram performed after the removal of guide wires
showed an expanded septal branch associated with the
harsh blood flow running parallel to the LAD toward the

Figure 2 The ostium of the septal branch was dilated after
the guidewire selection into the septal branch through the stent
strut.

cardiac base (Fig. 4). These angiographic findings showed
the complication of an arteriovenous shunt due to septal
dilatation. First of all, we administered 18 mg of protamine
sulfate intravenously. Next, in order to occlude the ostium
of the septal branch, a perfusion balloon (ACS Rx Esprit™,
2.5/20-mm, Guidant) was inflated at the proximal stent site
for approximately 5 min. Thereafter, the septal branch was
occluded from the ostium and the abnormal blood flow dis-
appeared (Fig. 5). In addition, to ensure the closure of the
perforated portion in the middle of the septal branch, which
was possibly related to the formation of an arteriovenous

Figure 3  Coronary angiogram, immediately after the dilata-
tion of the septal branch, showed the septal branch dissection
with the disruption of blood flow from the same portion (indi-
cated by the arrow).
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Figure 4 Serial images of a coronary angiogram (1 and 2) revealed the novel blood flow (black arrow) from the dissected portion
of the septal branch (white arrow) to the left anterior descending artery. This flow followed a course into the vessel running parallel
to the left anterior descending artery toward the proximal portion (3 and 4; arrow heads).

Figure 5 Coronary angiogram after the dilatation using the
perfusion balloon revealed successful occlusion of the sep- Figure 6 Final angiogram revealed successful reperfusion
tal branch and disappearance of shunt flow (indicated by the  of the septal branch without coronary dissection, perforation
arrow). and/or shunt (indicated by the arrow).
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shunt, additional dilatation (at 4 atm) was performed using a
small-sized balloon (Maverick 2™, 1.5/20-mm) after a care-
ful guide wire (Runthrough NS™) re-selection to the septal
branch. Finally, the reperfusion of the septal branch was
accomplished without any angiographic sign of either coro-
nary dissection, perforation, or arteriovenous shunt (Fig. 6).

Discussion

A coronary artery perforation is a relatively rare compli-
cation and the rate of occurrence is approximately 0.5%,
according to previous reports [1—7]. With regard to classifi-
cations of coronary perforation, the classification reported
by Ellis et al. has been widely used [1]. Namely, the perfo-
rations are divided into types 1, 2, and 3 and the existence
of cavity filling, depending on the angiographic findings. Our
case was classified as type 3 with cavity spilling. This group
is reported to be very rare, comprising only 0.02% of all PCI
patients and 5% of all perforation cases according to the
report by Witzke et al. [2] or 0.01% of all cases that have
undergone PCl and 2% of all cases of perforation according
to the report by Fasseas et al. [3]. On the other hand, in
Japan, Shirakabe et al. demonstrated that it accounts for
0.35% of all PCI cases and 17% of all perforations [6].

The main cause of coronary perforation is thought to be
related to wire manipulation [2] during procedures. How-
ever, in this case, because we had no difficulty advancing
the guide wire to the septal branch and noting that the per-
foration formed immediately after the balloon inflation in
the septal branch, we believe that it is unlikely that guide
wire manipulation was the cause. Regarding cases of perfo-
ration due to balloon dilatation, the main cause is reported
to be the discrepancy between arterial diameter and bal-
loon size [8]. The ratio of the balloon diameter to vascular
diameter was significantly greater in the group with perfo-
ration than in the non-perforation group [1,9]. In this case,
the balloon edge was carelessly advanced to a small septal
branch and it caused a noticeable size difference.

With regard to forming an arteriovenous shunt, simul-
taneous perforation occurring both in the artery and the
vein was considered to be essential. Regarding the mech-
anism of the simultaneous perforation, the first possibility
was the artery and the vein were penetrated concurrently
with a pointed tip of a guidewire [3,6]. However, perfora-
tion by a guide wire was considered to be unlikely in our
case since guide wire manipulation in the septal branch was
technically simple. In addition, neither a shunt flow nor any
extravasation of contrast medium was detected in a test
shot after guide wire placement. In this case, therefore we
may suggest another possibility of shunt formation: if the
artery and the vein are anatomically located very closely
together, the surplus tangential force, for instance, by an
inappropriate balloon/vessel ratio, which was 1.76 in our
case, can cause the simultaneous perforation of artery and
adjacent vein wall. This microscopic section including the
septal branch from autopsy heart after paraffin fixation and
hematoxylin—eosin staining shows the septal branch and the
vein running parallel and very close together (Fig. 7).

With regard to the initial treatment, we believe that
the administration of protamine to neutralize the effect of
heparin was appropriate [8]. In order to close the shunt

Figure 7 A microscopic section including the septal branch
(indicated by the arrow) from autopsy heart: the vein (arrow-
head) is located closely to the septal branch.

flow, balloon dilatation of the LAD with a perfusion bal-
loon to occlude the ostium of the septal branch might be
the simplest option, but the possibility of recanalization
could not be fully ruled out. Recent reports have indicated
the effectiveness of a covered stent for the treatment of
coronary perforation [10]. Therefore, the implantation of a
covered stent to cover the ostium of the septal branch for
the purpose of occluding the shunt flow could be a possi-
ble strategy. Moreover, when the covered stent is deployed,
while reperfusion for the branches would be virtually impos-
sible, the occlusion of the 2nd diagonal branch from the
ostium, resulting in the occurrence of myocardial infarction,
becomes inevitable due to the anatomical relationship in
our case.

The clinical course in the cavity spilling group of class
3 was reported to be good [1,7]. Shirakabe et al. [6] have
reported that only balloon inflation or neutralization of hep-
arin was performed for successful closure. Therefore, the
balloon inflation of the perforated lesion should have been
attempted first, but advancing the guide wire into the per-
forated septal branch was considered to involve the risk of
exacerbating the perforation. As a result, a prudent guide
wire manipulation into the perforated septal branch was
essential. The direct closure of the perforated vessel using
thrombin [11], adipose tissue [12], Gelfoam [13], coils [14],
polyvinyl alcohol [15], and clots [16] have all been reported
as possible strategies for coronary artery perforation. How-
ever, these procedures were generally used for perforation
of a peripheral coronary artery caused by a guide wire and
are not suitable for the treatment of the intermediate por-
tion of relatively large vessels such as in this case.

In our case, although only the ostium of the septal
branch should have been dilated, the balloon was care-
lessly advanced into the small branch of the septal as well,
thereby creating a size mismatch and thus causing a perfora-
tion and arteriovenous shunt. This case serves as a reminder
that careless minor procedural mistakes can cause a serious
complication.



A coronary arteriovenous shunt

e5

References

[1] Ellis SG, Ajluni S, Arnold AZ, Popma JJ, Bittl JA, Eigler NL,
Cowley MJ, Raymond RE, Safian RD, Whitlow PL. Increased
coronary perforation in the new device era. Incidence, clas-
sification, management, and outcome. Circulation 1994;90:
2725-30.

[2] Witzke CF, Martin-Herrero F, Clarke SC, Pomerantzev E, Pala-
cios IF. The changing pattern of coronary perforation during
percutaneous coronary intervention in the new device era. J
Invasive Cardiol 2004;16:257—301.

[3] Fasseas P, Orford JL, Panetta CJ, Bell MR, Denktas AE, Lennon
RJ, Holmes DR, Berger PB. Incidence, correlates, manage-
ment, and clinical outcome of coronary perforation: analysis
of 16,298 procedures. Am Heart J 2004;147:140-5.

[4] Javaid A, Buch AN, Satler LF, Kent KM, Suddath WO, Lind-
say Jr J, Pichard AD, Waksman R. Management and outcomes
of coronary artery perforation during percutaneous coronary
intervention. Am J Cardiol 2006;98:911—4.

[5] Ramana RK, Arab D, Joyal D, Steen L, Cho L, Lewis B,
Liu J, Loeb H, Leya F. Coronary artery perforation during
percutaneous coronary intervention: incidence and outcomes
in the new interventional era. J Invasive Cardiol 2005;17:
603-5.

[6] Shirakabe A, Takano H, Nakamura S, Kikuchi A, Sasaki A,

Yamamoto E, Kawashima S, Takagi G, Fujita N, Aoki S, Asai

K, Yoshikawa M, Kato K, Yamamoto T, Takayama M, et al. Coro-

nary perforation during percutaneous coronary intervention.

Int Heart J 2007;48:1—9.

Dippel EJ, Kereiakes DJ, Tramuta DA, Broderick TM, Shimshak

TM, Roth EM, Hattemer CR, Runyon JP, Whang DD, Schneider

JF, Abbottsmith CW. Coronary perforation during percuta-

neous coronary intervention in the era of abciximab platelet

glycoprotein llb/llla blockade: an algorithm for percuta-

neous management. Catheter Cardiovasc Interv 2001;52:

279-86.

[7

—

[8] Rogers JH, Lasala JM. Coronary artery dissection and per-
foration complicating percutaneous coronary intervention. J
Invasive Cardiol 2004;16:493—9.

[9] Ajluni SC, Glazier S, Blankenship L, O’Neill WW, Safian RD. Per-
forations after percutaneous coronary interventions: clinical,
angiographic, and therapeutic observations. Cathet Cardiovasc
Diagn 1994;32:206—12.

[10] Lansky AJ, Yang YM, Khan Y, Costa RA, Pietras C, Tsuchiya
Y, Cristea E, Collins M, Mehran R, Dangas GD, Moses JW,
Leon MB, Stone GW. Treatment of coronary artery perfora-
tions complicating percutaneous coronary intervention with
a polytetrafluoroethylene-covered stent graft. Am J Cardiol
2006;98:370—4.

[11] Jamali AH, Lee MS, Makkar RR. Coronary perforation after
percutaneous coronary intervention successfully treated with
local thrombin injection. J Invasive Cardiol 2006;18:E143—5.

[12] Suzuki H, Maeno K, Nishikawa H. Novel Method to stop bleed-
ing by using subcutaneous tissue embolization for guide wire
induced coronary artery perforation. Jpn J Interv Cardiol
2007;22:444-50.

[13] Dixon SR, Webster MW, Ormiston JA, Wattie WJ, Hammett CJ.
Gelfoam embolization of a distal coronary artery guidewire
perforation. Catheter Cardiovasc Interv 2000;49:214—7.

[14] Gaxiola E, Browne KF. Coronary artery perforation repair
using microcoil embolization. Cathet Cardiovasc Diagn
1998;43:474—6.

[15] Yoo BS, Yoon J, Lee SH, Kim JY, Lee HH, Ko JY, Lee BK, Hwang
SO, Choe KH. Guidewire-induced coronary artery perforation
treated with transcatheter injection of polyvinyl alcohol form.
Catheter Cardiovasc Interv 2001;52:231—4.

[16] Tanaka S, Nishigaki K, Ojio S, Yasuda S, Okubo M, Yamaki
T, Kubota T, Takasugi N, Ishihara Y, Kawasaki M, Minatoguchi
S. Transcatheter embolization by autologous blood clot is
useful management for small side branch perforation due
to percutaneous coronary intervention guide wire. J Cardiol
2008;52:285-9.



	The lurking potential of tangential forces: A case of an arteriovenous shunt developed by percutaneous coronary intervention for the septal branch
	Introduction
	Case report
	Discussion
	References


