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In recent years, retrograde approach for chronic total occlusions has rapidly evolved, enabling a higher rate of
revascularization success. Compared to septal channels, epicardial collaterals tend to be more tortuous, more difficult to
negotiate, and more prone to rupture. Coronary perforation is a rare but potentially life-threatening complication of
coronary angioplasty, often leading to emergency cardiac surgery. We report a case of a retrograde chronic total
occlusion revascularization through epicardial collaterals, complicated by both retrograde and antegrade coronary
perforation with tamponade, and successfully managed by coil embolization.
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Introduction

The prognostic benefits of chronic total occlu-
sion (CTO) revascularization are well-

recognized today [1,2]. However, despite the
development of equipment and techniques [3],
CTO percutaneous coronary intervention (PCI)
remains challenging, with a lower success rate
and a higher rate of periprocedural complications
than non-CTO lesions [4]. The retrograde
approach, particularly via septal channels, can
improve recanalization success rates. Although
epicardial collaterals in experienced hands may
also represent an efficient option, their use is asso-
ciated with a higher risk of complications [5].

Coronary perforation is a rare, but potentially
life-threatening complication of PCI, with an inci-
dence ranging from 0.1% to 0.5% [6]. As the con-
ventional treatment of such a complication,
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Abbreviations

CTO chronic total occlusion
D1 first diagonal
DES drug-eluting stent
IABP intra-aortic balloon pump
LAD left anterior descending
LCx left circumflex
PCI percutaneous coronary intervention
RCA right coronary artery
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consisting of reversal of anticoagulation and pro-
longed balloon inflation, is associated with high
rates of death, myocardial infarction and need
for emergency surgery, other strategies such as
covered stent use and coil embolization have
recently emerged, showing better outcomes [7].

We report a retrograde CTO revascularization
case through epicardial collaterals complicated
by perforation with tamponade and successfully
managed by both retrograde and antegrade coil
embolization.
Case report

An 84-year-old ex-smoker and dyslipidemic
male, with a history of pacemaker implantation
for third degree atrioventricular block, was admit-
ted for cardiogenic shock one hour after chest
pain onset. The electrocardiogram showed an ST
depression in lateral leads with Q wave in
antero-septal leads. The 2-D echocardiogram
Figure 1. Coronary angiography. (A) Right caudal view showing a thromb
CTO of LAD. (B) Left caudal view after DES implantation in proximal LC
showing the LAD CTO with side branch at the proximal cap and blunt stum
second segment of a minor right RCA. Abbreviations: CTO = chronic total
LCx = left circumflex; RCA = right coronary artery; PCI = percutaneous cor
revealed an impaired left ejection fraction (35%)
with a global hypokinesia. A coronary angiogra-
phy was performed with intra-aortic balloon
pump (IABP) support showing a sub-occlusion
of proximal dominant left circumflex (LCx)
(Fig. 1A), a proximal occlusion of left anterior
descending (LAD) and a tight stenosis of the sec-
ond segment of a minor right coronary artery
(RCA) giving septal and epicardial collaterals to
LAD (Fig. 1). According to the clinical setting,
otic sub-occlusion of proximal dominant LCx (arrow), and a proximal
x with good angiographic result. (C) Right cranial view after LCx PCI
p. (D) Left anterior oblique view showing a tight stenosis (arrow) of the
occlusion; DES = drug eluting stent; LAD = left anterior descending;
onary intervention. The star shows the proximal cap of LAD CTO.
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electrocardiogram modifications and the presence
of retrograde filling of LAD by collaterals from
RCA, LCx was considered to be the culprit vessel
with a CTO of LAD. PCI of LCx was performed
and a drug-eluting stent (DES) was implanted
with a good angiographic result, while antegrade
approach for LAD CTO was unsuccessfully
attempted by a non-CTO operator. The in-
hospital stay was uneventful and the patient was
discharged after seven days. Two months later,
a myocardial scintigraphy revealed viable
myocardium in the anterior territory, and the
patient was admitted for a second attempt to
revascularize LAD CTO by a dedicated CTO
operator.

A double 7-Fr femoral access was performed. A
7-Fr EBU 4 (Cordis Co., USA) was introduced in
the left main, while a 7-Fr Amplatz-left 2 (Cordis
Co., USA) was employed for RCA. The patient
received 5000 UI of unfractionated heparin and
an IABP support was used. Bilateral simultaneous
injection showed a contralateral retrograde filling
of LAD from tortuous screw-like epicardial CC2
(Werner’s Classification) [8] and septal collateral
CC1, originating from RCA (Fig. 2). Because of
the presence of a side branch at the proximal
cap with a blunt stump, a retrograde approach
was selected as the initial strategy.
Figure 2. Bilateral injection showing a retrograde filling distal LAD
from tortuous screw-like contralateral epicardial collaterals CC2
(Werner’s classification) [8], and septal collaterals CC1, originating
from RCA. Abbreviations: LAD = left anterior descending; RCA =
right coronary artery.
PCI of RCA with one DES implantation was first
performed (Fig. 3A). A retrograde Sion guidewire
(Asahi Intecc Co., Japan) and Corsair micro-
catheter (Asahi Intecc Co., Japan) were used
(Fig. 3B), reaching the distal true lumen of LAD
via the epicardial collateral. Then, Ultimate Bros
(Asahi Intecc Co., Japan) guidewire was able to
make a retrograde crossing of the lesion. The
externalization was performed with RG3 guide-
wire (Asahi Intecc Co., Japan) (Fig. 3C). After
pre-dilation, a DES was implanted in mid LAD
through the retrograde guidewire, while the DES
implantation in the median segment of first diag-
onal was performed through an antegrade Run-
through (Terumo Corp, Japan) guidewire.
Thereafter, the retrograde LAD guidewire and
the Corsair were retrieved, and an antegrade Run-
through guidewire was inserted in LAD to prop-
erly treat LAD-D1 bifurcation.

Shortly afterwards, the patient showed sud-
den hypotension and dyspnea. Immediate right
angiogram revealed an extravasation of contrast
material at the distal end of the epicardial col-
lateral (Fig. 3E), and an echocardiogram showed
a massive pericardial effusion with tamponade.
A pericardiocentesis was performed, yielding
700 ml of blood auto-transfused thereafter via
femoral venous catheter. A first AXIUM Detach-
able Coil (ev3, USA) 2.0 � 2.0 mm was delivered
retrograde through FineCross microcatheter
(Terumo Corp, Japan), and implanted distally
in the epicardial collateral (Fig. 4A). Since the
extravasation of contrast medium to the peri-
cardium persisted (Fig. 4B), two supplementary
coils (3.0 � 4.0 mm and 3.0 � 6.0 mm, respec-
tively) were implanted more distally. The
absence of retrograde extravasation was con-
firmed in repeat angiograms (Fig. 4C). Pro-
tamine (2.5 mg) was then administered. As the
patient showed hemodynamic stability, we
decided to complete the LAD revascularization.
A double kissing crush technique was
employed to treat the LAD-D1 bifurcation. At
the end of the procedure, the pericardial drai-
nage was productive again, and left angiogram
revealed an extravasation of contrast at the
junction of distal LAD and epicardial collateral
(Fig. 5A). Two coils (3.0 � 6.0 mm and
3.0 � 4.0 mm, respectively) were therefore
implanted antegrade (Fig. 5B). Final right and
left angiograms confirmed the absence of resid-
ual extravasation (Fig. 5C). The in-hospital stay
was uneventful and the patient was discharged
after eight days. At five-month follow-up, he
was asymptomatic.
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Figure 3. (A) Angiographic result after DES (2.25 � 14 mm) implantation in RCA. (B) Retrograde Sion guidewire and Corsair in tortuous screw-
like epicardial collateral. (C) Successful externalization of retrograde RG3 guidewire (Asahi Intecc Co., Japan). (D) Left angiogram after DES
implantation in mid LAD through the retrograde guidewire, and in mid-D1through an antegrade guidewire. (E) Right angiogram showing
extravasation of contrast media at the distal end of the epicardial collateral, after the removal of retrograde guidewire and insertion of an
antegrade guidewire in LAD. Abbreviations: D1 = first diagonal; DES = drug eluting stent; RCA = right coronary artery. The letter « M » showed
the radio-opaque tip of the microcatheter.
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Discussion

Over the past few years, the retrograde
approach for CTO lesions has rapidly evolved,
enabling a higher rate of revascularization suc-
cess. The tortuosity of the collateral channel
remains one of the biggest contributors of difficul-
ties and procedural risks. The use of a dedicated
microcatheter such as Corsair, with a more
maneuverable structure, allows the guidewire to
advance with ease.

Compared to septal channels, epicardial collat-
erals (particularly from RCA) tend to be more tor-
tuous with potentially inelastic stenosis.
Epicardial collaterals are therefore more difficult
to negotiate and are prone to rupture when
dilated. Moreover, in contrast to intramyocardial
channel ruptures resulting in no major complica-
tions, epicardial collateral channel ruptures often
lead to tamponade [5].

Coronary perforation is a rare but serious com-
plication occurring in 0.1–0.5% of patients under-
going PCI [6], with a relatively high mortality
rate ranging from 7 to 17% [7]. It represents one
of the most frequent complications experienced
by patients undergoing CTO recanalization proce-
dures, and its rate is higher in retrograde than in
antegrade approach [4].

Guidewires are a major cause of coronary perfo-
rations, particularly those with hydrophilic-
coating commonly used in CTO procedures. Bal-
loon ruptures and the use of rotablators for calci-
fied lesions are the other common etiologies of
this complication [6,7].

In our patient, the retrograde perforation could
have been caused by the advance of the hydrophi-
lic guidewire and/or microcatheter maneuver in
severely tortuous epicardial collateral. Initially
sealed by the retrograde guidewire, the perfora-
tion became patent after its removal and replace-
ment by an antegrade guidewire in LAD. On the
other hand, the antegrade delayed perforation
might have been due to the intensity of antegrade
contrast injection in the ‘fragile,’ damaged
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Figure 4. (A) First retrograde coil delivery AXIUM Detachable Coil (2.0 � 2.0 mm) through FineCross microcatheter in the epicardial collateral.
(B) Selective injection showing persistence of contrast extravasation after first coil embolization. (C) Absence of contrast extravasation after 2
supplementary retrograde coils implantation (3.0 � 4.0 mm and 3.0 � 6.0 mm). The letter « M » showed the radio-opaque tip of the
microcatheter.
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junction between LAD and epicardial collateral
originating from RCA. This fact underscores the
importance of checking the collateral used for ret-
rograde approach by bilateral injections.

The treatment of coronary artery perforation
requires a multipronged approach: treating the
perforation, maintaining hemodynamic stability
with pericardiocentesis and/or with IABP, and
reversing the effects of antithrombotic therapy.
The treatment options of the perforation most
commonly used include low-pressure balloon
dilation, implantation of covered stents, coil and
microsphere embolization, and emergency cardiac
surgery [6,7].

The AXIUM Detachable Coils (ev3, USA) consist
of a platinum coil attached to a composite implant
delivery pusher with a radiopaque positioning
marker and a hand-held instant detacher which,
when activated, detaches the coil from the deliv-
ery pusher tip. The design of an embolization coil
involves a wire (usually of steel or platinum) that
is wound tightly into a straight primary coil, and
then formed into a secondary structure of various
designs such as helices in our case. Regarding the
manufacturer, the coil delivery to the site of perfo-
ration may require a microcatheter, as observed in
our case. Coil implantation induces thrombosis,
leading ultimately to fibrosis. To reverse heparin
effects, protamine should be administered after
coil distal delivery to avoid proximal thrombosis,
or, better yet, after complete sealing of the perfo-
ration. Once the coil is delivered, a small selective
distal injection from the microcatheter tip can be
performed to detect residual extravasation,
requiring further coil embolization.

First invented for the endovascular embolization
of intra-cranial aneurysms, fistulas, pseudoa-
neurysms and other neurovascular abnormalities,
coil embolization has been successfully employed
in cases of distal coronary perforation [9,10].

To the best of our knowledge, this is the first
reported case of a CTO procedure complicated
by coronary perforation with tamponade, and
managed by both retrograde and antegrade coil
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Figure 5. (A) Left angiogram showing contrast extravasation at the junction of distal LAD and epicardial collateral. (B) Antegrade delivery of 2
coils (3.0 � 6.0 mm and 3.0 � 4.0 mm) in epicardial channel. (C) Angiographic success of LAD CTO recanalization and absence of contrast
extravasation. Abbreviations: CTO = chronic total occlusion; LAD = left anterior descending; TIMI = Thrombolysis in myocardial infarction. The
letter « M » showed the radio-opaque tip of the microcatheter.
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embolization. Coils might represent useful tools in
the armamentarium of interventional cardiolo-
gists, particularly those performing CTO proce-
dures, and may help in forestalling emergent
cardiac surgery for coronary perforations.
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