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Abstract
The efficacy and safety of percutaneous coronary intervention (PCI) for coronary artery disease has been established,
and approximately 250,000 PCI procedures are performed annually in Japan. However, various complications including
life-threatening complications can occur during PCI. Although several bailout procedures have been proposed to address
complications during PCI, it is critically important for operators to manage each complication in real catheter rooms with
confidence even in emergent situations. Standard bailout methods including specific techniques should be clarified as algo-
rithms and shared with inexperienced operators as well as experienced operators. The Task Force of the Japanese Society for
Cardiovascular Intervention and Therapeutics (CVIT) has developed the expert consensus document on bailout algorithms
for complications in PCIL.
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Introduction

Approximately 250,000 percutaneous coronary interven-
tions (PCIs) procedures are performed annually in Japan
[1]. PCI is less invasive than coronary artery bypass graft-
ing surgery, and can be applicable for patients with high
surgical risk. Furthermore, improved long-term patency
with drug-eluting stents has expanded the indications for
PCI [2]. However, various complications can occur in
PCI. Because some of these complications can develop to
the life-threatening complication, it is important to esti-
mate the risk before PCI procedures and prevent compli-
cations. It is also important to detect early sing of com-
plications, which requires comprehensive understanding
for patient’s situation including vital sings. In addition,
operators should prepare appropriate devices for bailout
in their catheter rooms and have the knowledge regarding
how to use devices in bailout procedures. However, the
prompt bailout procedure can be difficult even in experi-
enced operators, because unpredicted complications may
trigger a near-panic situation. Furthermore, the bailout
procedure without considering patient’s vital sings may
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worsen the situation. It is important to share the situation
of complications and the bailout procedures among all
staff members in the catheter room. Several literatures
regarding algorithms for complications have been pub-
lished, but the comprehensive documents have not been
published from Japan [3, 4]. This expert consensus docu-
ment outlines the algorithm for each complication and
aims to present the methods as a flowchart for all opera-
tors and staff members in PCI.

Overview

Figure 1 presents a general flowchart of the complication
management strategy. When a complication occurs, it is
important to diagnose the type of complications and eval-
uate the patient’s situation accurately. Feasible procedures
should be implemented immediately after hemodynamic
assessment. It is recommended to recruit additional staff
members including cardiologists and cardiovascular sur-
geons. Not only bailout procedures but also hemodynamic
support should be performed simultaneously to prevent
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Fig. 1 Flowchart for PCI complications. (Green right arrow) Successful (YES). (Red right arrow) Unsuccessful (NO). (Black right arrow) Pro-

gress
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cerebrovascular damage. All staff members in a cath-
eter room should work well together for multiple tasks
including preparation of bailout devices and mechanical
support devices, explaining the situation to the patient’s
family, and securing a bed in the Intensive care unit. It
is recommended to have various bailout devices such as
coils, covered stents, and several types of guided exten-
sion catheters (GEC) and microcatheters in the catheter
room. All staff members in the catheter room should
share how to use these devices and where these devices
are located. Because the bailout procedure requires the
multidisciplinary approach, it is recommended to estab-
lish protocols for various complications in each catheter
room. It may be useful to train all staff members through
simulation practice. We should not stick to percutane-
ous bailouts. We should not hesitate to ask surgeons for
surgical bailout when the surgical bailout is better than
the percutaneous bailout. Occasionally, minor complica-
tions, which are initially judged to be treated with percu-
taneous bailout, can become fatal complications. In such
situations, it is important to consult surgeons immedi-
ately for surgical bailouts. It is necessary to build a good
relationship with cardiovascular surgeons through regu-
lar conference, which foster a frank exchange of views
in emergent situation. Even when the surgical bailout is
chosen for complications, some catheter procedures are
usually necessary, because open surgery requires time for
preparation. Interventional cardiologists and cardiovascu-
lar surgeons should cooperate with each other as a heart
team to achieve the most effective treatment for patients.

Occasionally, the experienced staff members includ-
ing cardiovascular surgeons, non-invasive cardiologists,
clinical engineers, radiologists, and nurses may recog-
nize complications earlier than the operators and may
provide additional perspectives on management. Further-
more, if time permits, it may be useful to consult more
experienced doctors in other hospitals (or device com-
pany staff) by phone to compliment the bailout strategy
of operators.

Once a serious complication occurs, a case conference
should be held with all relevant staff members, including a
third-party member, if possible, to review the causes and the
procedures and to prevent future ones. Regardless of treat-
ment success, team debriefing is recommended for cases
with complications. Team debriefing can provide a forum for
all staff members to discuss various issues. Efforts to learn
from complications will strengthen the team and improve
future procedural performance.

Severe coronary artery dissection caused
by catheters

[Mechanism]

Severe coronary artery dissection is defined as coronary
artery dissection that reduces blood flow in the true lumen
and causes fatal myocardial ischemia. Severe iatrogenic cor-
onary artery dissection, regardless of whether it is caused
by diagnostic catheters or guiding catheters, begins with the
formation of dissection at the catheter tip. Such dissection
can expand circumferentially and longitudinally and com-
press the true lumen, which results in the reduced coronary
blood flow and subsequent myocardial ischemia. When dis-
section is caused by the catheter tip, especially when the
catheter tip pressure is wedged, contrast injection makes
dissection extend further [5].

Coronary artery dissection does not immediately become
fatal when a guidewire is already placed into the distal true
lumen, because operators can expand the true lumen via the
guidewire and secure blood flow in the true lumen if nec-
essary. However, when a guidewire is not placed into the
distal true lumen, the expansion of coronary dissection can
be fatal because of difficulty to secure the blood flow in the
true lumen. Even when a guidewire is placed into the dis-
tal true lumen, coronary dissection can be fatal if operators
cannot expand the true lumen because of severe stenosis or
calcification.

[Incidence]

Catheter-induced severe coronary artery dissection occurs
with similar frequency between the right coronary artery
(RCA) and left coronary artery (LCA). Eshtehardi et al.
reported that left main trunk (LMT) dissection occurred in
0.06% of diagnostic catheterizations and 0.1% of PCIs, with
42.1% of LMT dissections extending into the major branch
and 2.6% of those extending into the ascending aorta [5,
6]. Two retrospective studies reported the incidence of iat-
rogenic aortic dissection as 0.006-0.01% with diagnostic
catheters and as 0.098-0.12% during PCI [7, 8].

[Management]

Managing severe coronary artery dissection consists of
“securing systemic circulation, especially cerebral blood flow”
and “securing blood flow in the true lumen.” The management
flowchart is shown in Fig. 2. It is ideal to perform the stent
placement in the true lumen to secure the blood flow before
circulatory collapse. In that case, further interventions are rarely
required, and the clinical outcomes are mostly favorable. How-
ever, it is difficult to estimate the time from the onset of coronary
artery dissection to hemodynamic collapse. It is also difficult to
estimate the time required for operators to advance the guidewire
into the distal true lumen. Moreover, it requires several staff
members and additional time to prepare and insert mechani-
cal support devices. Therefore, it is difficult to decide whether
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Fig.2 Flowchart for severe coronary dissection caused by catheter.
(Green right arrow) Successful (YES). (Red right arrow) Unsuccess-
ful (NO). (Black right arrow) Progress. (Green circle) Recommended.
(Yellow circle) Not recommended, but no other method is available,

to prioritize securing blood flow in the true lumen or to start
mechanical support devices. When a guide catheter is already
engaged, it is reasonable to adjust the tip direction of guide cath-
eter and advance the guidewire in a very short time. Note the
guidewire would advance into the false lumen without adjust-
ment of the tip of guide catheter. However, since it takes at least
several minutes to exchange the guide catheter or to perform
intravascular ultrasound (IVUS)-guided wiring, the decision to
proceed with the above procedures or prioritize mechanical sup-
port device insertion should be based on the predicted success
rate of the above procedures and the estimated time required for
the above procedures. Furthermore, if severe coronary artery
dissection is caused by diagnostic catheter, bailout procedures
would begin with the exchange of arterial sheath, which would
require additional time and effort. In such cases, mechanical
support device insertion should be prioritized. For mechanical
support insertion, sterilization of puncture site and insertion of
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L Stent placement ]

and successes have been reported. (Red circle) Not recommended.
GW, guidewire; PCPS, percutaneous cardiopulmonary support; GC,
guiding catheter; IABP, intra-aortic balloon pumping; IVUS, intra-
vascular ultrasound; ADR, antegrade dissection re-entry

femoral sheath should be performed in parallel with mechani-
cal support system priming. If the number of staff members is
sufficient, it may be reasonable to divide staff members into the
two teams. One team prepares and manages mechanical support
devices, whereas another team performs wiring procedure to
secure blood flow in the true lumen.

The following steps should be considered to secure blood
flow in the true lumen under mechanical support devices or
when hemodynamics is maintained.

Adjust the tip direction of guide catheter
and select the different shape of guide catheter
[Recommended]

In the case of dissection with guide catheter, the tip direction of
guide catheter should be adjusted, and the guidewire should be
advanced as described above. If the guidewire is advanced only
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into the false lumen after adjusting the tip direction of guide
catheter, it is recommended to switch to the guide catheter with
different tip shape. In the case of dissection with diagnostic
catheter, a guide catheter with different shape from diagnostic
catheter should be selected after exchanging the arterial sheath.
When the dissection lumen is enlarged, it may be useful to select
the different shape of guide catheter tip such as larger curve (e.g.,
JL 4) than initially selected curve (e.g., JL3.5). When the dis-
section lumen is enlarged, modifying the shape of the guidewire
tip curve, such as making the guidewire tip curve larger than
usual, may enable true lumen selection. However, these efforts
do not guarantee the successful true lumen wiring. Despite all
efforts, operators sometimes cannot advance the guidewire into
the true lumen. When operators advance the guidewire into the
true lumen, operators would feel less resistance as compared to
the resistance when operators advance the guidewire into the
false lumen. However, since operators tend to be biased optimis-
tically in troubleshooting situations, operators may ignore the
resistance in the false lumen, and may keep advancing the guide-
wire into the false lumen, which expands the false lumen. When
operators feel minor resistance during the guidewire manipula-
tion, it is necessary to carefully judge whether the guidewire
is truly within the true lumen. It is important not to inject the
contrast media, but to use IVUS for confirmation whether the
guidewire is within the true lumen.

IVUS guidance [Recommended]

When operators cannot advance the guidewire into the false
lumen, the best option is IVUS-guided wiring. Operators
should advance the IVUS catheter via the guidewire placed
in the false lumen and recognize the starting point of the
false lumen. Then, operators should confirm the position of
the remaining true lumen at the starting point of the false
lumen. Operators can recognize the position and direction
of the remaining true lumen under fluoroscopy using infor-
mation including the direction of side branch, the position
of IVUS catheter within the proximal true lumen and guide
catheter, and the relative positions of the guidewire and the
IVUS catheter. Then, operators can perform efficient IVUS-
guided wiring to secure true lumen quickly. Although opti-
cal coherence tomography (OCT)-guided PCI has recently
increased, OCT is contraindicated in this setting. OCT imag-
ing requires the blood clearance flush, which would cause
the false lumen enlargement. Even if the OCT equipment is
already placed on a sterile table, an IVUS catheter should
be prepared in the case of severe coronary artery dissection.

Major side-branch wiring
Major side branches should be secured if the dissec-

tion occurs close to major side branches. However, it is
sometimes difficult to secure the side branch because of

complex coronary anatomy, especially when the entry
point of dissection locate at the proximal to the bifurcation
of the major side branch. Securing the true lumen of the
target vessel is the most important. Therefore, operators
should not spend excessive time for side-branch wiring. If
the guidewire in the main vessel is confirmed to be in the
true lumen using IVUS, it is safe to use a double-lumen
catheter for side-branch wiring.

Contrast agent injection [contraindicated]

Injection of contrast agent is contraindicated in severe
coronary artery dissection, because it expands the dissec-
tion lumen and makes the true lumen wiring more difficult.
Operators should put all efforts to avoid contrast injec-
tion by using IVUS. Minimum injection of contrast agent
should only be used when it is truly necessary. In particu-
lar, when the tip of guide catheter pressure is wedged,
injection of contrast agent can cause the extension of dis-
section, possibly retrograde dissection to the ascending
aorta; therefore, such injection is the absolute contrain-
dication [5]. The following options should be considered
when the conventional true lumen wiring is unsuccessful:

False lumen knuckle guidewire

When operators cannot advance the guidewire into the
true lumen despite all efforts, it is an option to advance a
knuckle guidewire into the false lumen to communicate
with the true lumen at the middle or distal part of coronary
artery, which would create re-entry at the middle or distal
part of coronary artery. Creating re-entry may decrease
the pressure in the dissected false lumen, increase the true
lumen blood flow, improve hemodynamics and symptoms,
and potentially provide more time for operators to per-
form subsequent procedures. According to experiences
of one member of this task force, a slippery intermediate
guidewire may be preferable from the perspective of cre-
ating communication with the true lumen without dam-
aging the adventitia, while most experiences with false
lumen knuckle guidewire are derived from PCI for chronic
total occlusion (CTO) rather than from severe coronary
artery dissection. However, since this method does not
allow operators to control the re-entry location, there is
a risk of expanding the false lumen. Furthermore, if the
knuckle guidewire migrates into a side branch, there is a
risk of large coronary artery rupture. When operators try
the knuckle guidewire in the false lumen, it is important to
confirm that the guidewire advances into the main vessel,
not side branch. Furthermore, it is also important not to
push the knuckle guidewire forcefully.
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ADR: antegrade dissection re-entry

When operators cannot advance the guidewire into the true
lumen despite all efforts, antegrade dissection re-entry
(ADR) may be an option. In ADR, operators advance the
guidewire from the false lumen to the true lumen using
IVUS guidance or dedicated devices. However, ADR is
complex, and the use of stiff guidewire for re-entry is asso-
ciated with the greater risk of coronary perforation.

Penetrating guidewire without IVUS or dedicated
device [contraindicated]

The true lumen wiring by stiff guidewire used for CTO
PCI is contraindicated unless IVUS guidance or use of
dedicated device, because of the high risk of coronary per-
foration and the low risk of successful wiring.

False lumen balloon dilation [contraindicated]

Balloon dilation in the false lumen would not make re-
entry into the true lumen, but enlarge the false lumen,
like balloon dilation in the subintimal space in CTO PCI.
It is contraindicated to use excessively large size balloon
or scoring balloon because of the greater risk of coronary
artery rupture.

Open chest surgery should be selected if “the true lumen
wiring” or “stent placement in the true lumen” is unsuc-
cessful. When severe coronary artery dissection occurs, it is
important to share information with the cardiac surgery team
immediately. Multidisciplinary treatment including surgical
treatment should be performed before patients have irrevers-
ible damage.

One member of this task force experienced a compli-
cation that the coronary artery dissection extended to the
ascending aorta and aortic valve. When discussing this
case with a cardiac surgeon, we learned that the closure
of the dissection entry site is the most important point in
aortic dissection surgery. In other words, when coronary
artery dissection extends to the aorta, “the closure of the
dissection lumen within the coronary artery is necessary,”’
which should be achieved through PCI rather than surgical
treatment. The same member experienced both cases with
“favorable outcomes after closing the dissection lumen with
a covered stent” and “unfavorable outcomes after hesitating
to place a covered stent.” When multidisciplinary treatment
including cardiac surgery is performed for coronary artery
dissection extending to the aorta, it is important to provide
the best treatment option as the heart team after discussion
regarding the closure of dissection lumen within the coro-
nary artery with cardiac surgeons.
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Coronary artery perforation

[Mechanism]

In this document, coronary artery perforation is defined as
guidewire perforation that is caused by guidewires advanced
outside the vessel in the peripheral coronary artery. Guide-
wire perforation occurs when the vessel wall is subjected to a
force sufficient to disrupt the structure of the vessel wall at the
contact point between the tip of guidewire and the vessel wall.

[Incidence]

The incidence of guidewire perforation ranges from 0.5 to
1.0% [9, 10] in literatures. However, the incidence of guide-
wire perforation may increase due to the recent development
of complex PCI procedures.

[Predisposing conditions]

The elements of guidewire that influence the magnitude of
the tip force exerted on the vessel wall are “slipperiness” and
“deformation resistance.” Since the tip force reduction due to
friction resistance is less in the use of “slippery guidewire” or
“guidewire with deformation resistance,” large force tends to
be exerted at the tip of guidewire. Note guidewires with defor-
mation resistance include both guidewires with “high tip load”
and guidewires with “strong shaft support.” The force exerted
on the vessel wall by the guidewire tip is also influenced by the
angle between the guidewire tip and the vessel wall. When the
guidewire tip contacts the vessel wall at the angle near perpen-
dicular, stronger force is exerted on the vessel wall. Therefore,
special attention is necessary in “tortuous coronary arteries.”

[Management]

The management flowchart is shown in Fig. 3.

Early detection

Early diagnosis is critically important. Unlike coronary artery
rupture, there is a time lag between guidewire perforation and
hemodynamic deterioration. Therefore, early detection of
guidewire perforation can prevent serious complications such
as cardiac tamponade. Causes that may prevent early detection
are failure to confirm the position of guidewire tip and inade-
quate assessment of resistance when advancing the guidewire.
Careful attention to the guidewire tip position, tactile resist-
ance during the guidewire advancement, and the guidewire tip
shape allow operators to consider the possibility of perforation
and enable operators to detect perforation early through con-
trast injection from guide catheter or microcatheter.

Identification of perforation site

Guidewire perforation can be confirmed by contrast injec-
tion from guide catheter or microcatheter. In the confirma-
tion by contrast injection from guide catheter, it is impor-
tant to observe the distal coronary artery sufficiently and
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Fig. 3 Flowchart for coronary perforation. MC, microcatheter

to take a long time of cine-angiography to visualize the
venous phase. Attention should be paid to the possibility
of perforation occurring in the invisible areas on the fluor-
oscopy-monitor and the possibility of perforation-induced
hematoma masked by the contrast in the veins. Careful
observation should be routinely performed during the final
contrast injection in PCI, even when guidewire perforation
is not suspected. Operators should use adequate contrast
volume for the final contrast injection to visualize the dis-
tal vessels sufficiently and continue cine-angiography until
the end of venous phase to avoid missing the guidewire
perforation.

When operator use a microcatheter to identify the per-
foration site, operators should advance the microcatheter
near the suspected area. A tip contrast injection via the
microcatheter can reveal the presence and location of
guidewire perforation. To avoid air embolism, the contrast
agent should be dripped into the lumen of the microcath-
eter while the guidewire is removed. Small-volume con-
trast injection with low pressure should be administered
via the microcatheter to minimize hematoma expansion.

Cardiac tamponade risk assessment

At the time of detecting perforation, most guidewire perfo-
rations are “localized hematomas.” These hematomas exist
within the coronary perivascular tissues (fibroblasts and fat
cells) and do not communicate with the pericardial space.
The key issue at this point is to estimate the risk of future
cardiac tamponade. The main mechanism that localized
hematoma communicates with the pericardial space is the
rupture to the pericardial space due to increased intra-hema-
toma pressure. Since hematoma enlargement precedes the
rupture to the pericardial space, the absence of “hematoma
enlargement” indicates a low risk of cardiac tamponade.
Although it is difficult to judge “hematoma enlargement,”
the absence of changes in the shape and size of contrast-
filled hematoma over a few minutes suggests a significantly
low risk of cardiac tamponade. In this situation, careful
observation is appropriate. Conversely, if the hematoma
enlarges over a few minutes, there is a significant risk of
cardiac tamponade. A large initial hematoma size (> 5 mm)
also warrants careful observation and assessment, because a
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large initial hematoma may indicate the greater risk of hema-
toma expansion. Rarely, communication with the pericardial
space may exist at the beginning of guidewire perforation.
In this situation, the risk of cardiac tamponade is high, and
immediate action is necessary.

In addition to typical cardiac tamponade, where blood
accumulates in the pericardial space, hematomas can also
expand into the myocardium, which results in the tampon-
ade-like situation (so-called “dry tamponade”). Even when
the hematoma is confined to the myocardium, the assessment
of “progressive hematoma enlargement and initial hematoma
size” can predict hemodynamic deterioration.

Embolization and blood flow blockage

There are two main approaches for addressing the risk of
cardiac tamponade. The first approach is the use of embolic
agents to reduce hematoma inflow and decrease intra-hema-
toma pressure. The other approach is to block the hematoma
inflow by using microcatheter, balloon, or covered stent.
When performing an embolization, it is necessary to iden-
tify the perforation site correctly. Because it is difficult to
accurately identify the perforation site in the distal coronary
artery by contrast injection from guide catheter, tip injection
via microcatheter is recommended. One method is to inject
contrast media from guide catheter after the microcatheter
is advanced distally. In this method, operators identify the
perforation site by confirming the absence of contrast leak-
age. However, this method is not recommended because
the microcatheter may block blood flow, even when the
microcatheter tip is located far from the perforation site. If
the contrast volume is too large in tip injection via micro-
catheter, the perforation site may not be correctly identified
because of abundant backflow of the contrast agent. Tip
injection should be performed with a “very small amount”
of contrast media at “low pressure.”

Various embolic agents such as coil, thrombi, fat, and gel
foam have been widely used. Of those agents, coil is most
used recently. Regardless of the agent used, embolization at
the site distant from the perforation site requires a “larger
amount” of embolic material because of the wider vessel
lumen, which results in a larger ischemic area. It is important
to place embolic agents close to the perforation site. Further-
more, curled coils are most effective, because these coils
provide stronger blood flow obstruction. As guidewire per-
foration sites are often around distal coronary arteries with
high flexibility, the curled shape can deform the vessel and
more easily reduce intra-hematoma pressure. Additionally,
curled coils assume straight shape within the vessel structure
and curled shape outside the vessel structure, which allows
operators to confirm the successful intravascular placement
and to identify the perforation site at the transition between
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the straight and curved portions. The recommended coil
placement techniques using curled coils are shown in Fig. 4.

When accurate identification of the perforation site is
difficult, or when embolization devices cannot be used for
any reason, blood flow obstruction using a microcatheter,
balloon, or covered stent is an option. When using a micro-
catheter, negative pressure via microcatheter can make the
distal vessel lumen collapse and block blood flow effectively.
However, when a microcatheter or balloon is used to block
blood flow, sufficient time is required to create a thrombus
at the perforation site for the prevention of cardiac tampon-
ade. Covered stent for jailing the branch with perforation
ensures definitive blood flow blockage, but carries the risks
of expanded ischemic area, chronic restenosis, and occlusion
of covered stent. Conventional stent for jailing the branch
with perforation is not recommended because blockage by
conventional stent is unreliable and unsuccessful blockage
by conventional stent makes subsequent management more
difficult.

Heparin reversal

Heparin reversal is necessary in approaches that require
thrombosis. Therefore, heparin reversal should be consid-
ered when using a microcatheter or a balloon. Heparin rever-
sal is not generally required when using coils or covered
stents. In other management approaches, heparin reversal
should be performed as needed, depending on the situation.

Post-intervention assessment

In the presence of hematoma that does not communicate
with the pericardial space, a minimal amount of contrast
media via microcatheter should be administered to confirm
the absence of hematoma enlargement. If a hematoma is
visualized, but its size remains unchanged over time; it
indicates that the hematoma pressure is controlled under
the resistance of the surrounding tissues, and no further
intervention is necessary. If the contrast within the hema-
toma rapidly fades or expands immediately after contrast
injection, this suggests the inflow of blood without contrast
media and indicates the possibility of hematoma enlarge-
ment over time. Additional interventions are needed in this
situation. If communication with the pericardial space has
already been established, the cessation of blood outflow into
the pericardial space is necessary. There may be multiple
routes of blood inflow into the hematoma. In addition to the
pre-existing collateral circulation, a hematoma may commu-
nicate with nearby vessels as it enlarges. In cases of delayed
detection or hematoma enlargement caused by insufficient
reduction of hematoma pressure, operators should consider
to perform coronary angiography in untouched coronary
arteries, to which operators did not advance the guidewires.
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Fig.4 Coil placement techniques using curled coils

If blood flow into the hematoma is confirmed, the operator
should take appropriate actions.

[Summary]

In the event of guidewire perforation, the risk of cardiac
tamponade should be assessed immediately. If there is a sig-
nificant risk of cardiac tamponade, interventions such as coil
embolization and detailed post-intervention assessments can
prevent the development of cardiac tamponade. Early detec-
tion and prompt management are important to reduce the
risk of cardiac tamponade.

Coronary artery rupture

[Mechanism]

Unlike coronary artery perforation caused by guidewires,
coronary artery rupture occurs due to significant damage to
the adventitia and perivascular tissues of coronary artery.
The main causes of coronary rupture are “overexpansion of
coronary artery adventitia and perivascular tissues by bal-
loon and stent expansion” or “damage to the coronary artery
adventitia and perivascular tissues by atherectomy devices

such as rotational atherectomy, orbital atherectomy, or direc-
tional coronary atherectomy.” In CTO PCI, when operators
advance guidewires outside the vessel without recognition,
operators would advance larger devices such as microcath-
eters, balloons, or IVUS via the guidewires, which would
cause significant damages to the coronary artery adventi-
tia and perivascular tissues and result in coronary artery
rupture. Coronary artery rupture is classified as one that
involve extensive damage to the perivascular tissues with
communication with the pericardial space (Ellis classifica-
tion Type-3 or Blowout type) and as one that involve partial
damage to the perivascular tissues without communication
with the pericardial space (Ellis classification Type-2) [11].
In the latter case, even if the hematoma is initially localized
within the myocardium, hematoma may continue to expand
and eventually rupture into the pericardial space, which may
result in cardiac tamponade if the intra-hematoma pressure
remains higher than the surrounding tissue resistance. Fur-
thermore, even if cardiac tamponade does not occur, pseu-
doaneurysm may develop because of the absence of coro-
nary artery adventitia, which warrant careful follow-up.
[Incidence and high-risk situations]
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IVUS image of high-risk lesions for coronary rapture

Fig.5 IVUS image of high-risk lesions for coronary rupture. IVUS image of a coronary rupture lesion (upper panels, calcified lesions; lower
panels, fibrotic lesions). All lesions were highly eccentric and no plaques were observed on the opposite side

Although comprehensive data are lacking, the reported
incidence of coronary artery rupture ranges from 0.2 to 0.5%
[9, 10, 12], which is considered to be quite low. Coronary
artery rupture due to balloon or stent expansion is more
likely to occur when the adventitia is overexpanded in eccen-
tric lesions (Fig. 5). With atherectomy devices, coronary
artery rupture is more likely to occur at bend, calcified seg-
ment, or area with vessel diameter discrepancies.

[Prediction and confirmation by IVUS]

Among the mechanisms of coronary artery rupture,
“overexpansion of coronary artery adventitia by balloon or
stent expansion” can be predicted by IVUS, and “guidewire
outside the vessel” can be confirmed by IVUS. In terms of
the elasticity of coronary artery adventitia, experiments
using porcine coronary artery adventitia suggests consider-
able elasticity (1.8-fold length at 150 mmHg) [13]. Because
balloons or stents with a size of 1.8 times the target ves-
sel diameter are not typically used, the risk of coronary
artery rupture is low when the coronary artery adventitia is
expanded uniformly. However, in eccentric lesions, in which
a part of coronary artery adventitia is expanded non-uni-
formly, rupture due to adventitial overexpansion can occur
following balloon or stent dilatation. Therefore, the risk of
coronary artery rupture should be assessed and predicted by
evaluating the risk of adventitial overexpansion using IVUS
before balloon or stent dilatation.

Figure 6A shows the IVUS image obtained when the
guidewire and microcatheter were advanced outside the
vessel. This finding is characterized by the absence of
three-layered structure and the presence of extravascu-
lar hematoma. In this situation, the size of damage to the
coronary artery adventitia is equal to or greater than the
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outer diameter of the IVUS catheter. This is a danger-
ous situation, because the removal of IVUS catheter can
cause extravascular blood leakage and potentially cause
cardiac tamponade. Since it is rare opportunity to view
IVUS images of the guidewire placed outside the coro-
nary artery, it is important to thoroughly understand and
recognize the image shown in Fig. 6A, which would help
operators respond the situation appropriately when such
an image is obtained during PCI. It is also important to
recognize the images of extravascular hematoma in IVUS
(Fig. 6B). The presence of extravascular hematoma indi-
cates that the coronary artery adventitia is severely dam-
aged or disrupted. When coronary artery damage is sus-
pected, operators should pay attention to the presence of
extravascular hematoma during IVUS observation.

[Management: blowout-type coronary artery rupture]

In this document, the management of blowout coronary
artery rupture is discussed as follows. A flowchart of this
process is shown in Fig. 7.

Initial management

In addition to assembling staff members, calling cardio-
vascular surgeons, and controlling bleeding from rupture
sites, it is critically important to secure “cerebral blood
flow.” It is well known that ischemic tolerance is lower
in brain than in heart. In cases with poor cardiac output
and insufficient cerebral blood flow, “chest compression
“and “mechanical support” should be prioritized to the
maximum extent.
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IVUS image of extravascular wiring

Fig.6 IVUS image of extravascular wiring. A IVUS image of
extravascular wiring. B The white dotted area on the right is a space
created outside the vessel, and the area indicated in red is hypoechoic

Identification of coronary artery rupture site

After securing cerebral blood flow, the rupture site should be
identified. In coronary artery rupture, since contrast media
flow into the perivascular tissues and the communicated per-
icardial space, it is often difficult to identify the rupture site.
If the rupture site is difficult to identify, operators should try
to identify the rupture site by moving the balloon or perfu-
sion balloon used for hemostasis step by step with adminis-
tering contrast media. If possible, double GC system allows
operators to control hemostasis and to identify the rupture
site simultaneously.

Hemostasis procedure

After the coronary artery rupture site is identified and a con-
ventional balloon is used for initial hemostasis, it is reason-
able to advance a covered stent along with the already used
conventional balloon for hemostasis via the same guide cath-
eter if possible. In this system, switching the conventional
balloon to the covered stent within the coronary artery can
achieve hemostasis with avoiding the risk of cardiac tampon-
ade. Even when the simultaneous insertion of a conventional
balloon and a covered stent is difficult, the simultaneous
insertion of a conventional balloon and a perfusion balloon
should be considered. If the simultaneous insertion of a con-
ventional balloon and a perfusion balloon is possible, double
GC system can be established by switching the conventional
balloon to the perfusion balloon with avoiding the risk of

compared with the healthy perivascular tissue, strongly suggesting an
extravascular hematoma. The dotted yellow line indicates the original
coronary artery

cardiac tamponade. Once double-guide catheter system is
established, covered stents can be placed while avoiding car-
diac tamponade [14]. Table 1 shows the results of a bench
test regarding the simultaneous insertion compatibility of
hemostatic system with perfusion balloons or covered stents.
These results are based on the ability to simultaneously
insert devices within the guiding catheter in a dry setting.
Because device sizes, guiding catheter conditions, and coro-
nary lesion characteristics were not considered in this bench
test, information in Table 1 should be used only as a guide.
In the simultaneous insertion of conventional balloon and
perfusion balloon or covered stent into a GC, the guidewire
of the conventional balloon may limit the advancement of
the perfusion balloon or covered stent. If the guidewire used
to advance the perfusion balloon or covered stent is securely
inserted into the distal true lumen of coronary artery, the
removal of the guidewire of the conventional balloon may
be effective in this situation.

In CTO PCI, ischemia due to prolonged inflation of the
conventional balloon is not an issue. Thus, it is possible to
establish double GC system while maintaining hemostasis.
After establishing double GC system (or if simultaneous
insertion of conventional balloon and perfusion balloon or
covered stent is possible with the initial single-guide catheter
system), the conventional balloon should be exchanged for
the perfusion balloon or covered stent within the coronary
artery. It is necessary to shorten the duration of hemostatic
release as much as possible to avoid cardiac tamponade.
When inflating a conventional balloon, the guidewire for
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Fig. 7 Flowchart for blowout-type coronary artery rupture

the perfusion balloon or covered stent should be advanced
near the rupture site. During a brief release of hemostasis,
the guidewire should be passed through the rupture site and
advanced into the distal true lumen. Microcatheter support
may be effective for the guidewire passage while control-
ling bleeding. If the guidewire passage through the rupture
site is difficult, it is useful to advance the microcatheter just
proximal to the rupture site and to inflate the conventional
balloon outside the microcatheter, which allows operators
to manipulate the guidewire while maintaining hemostasis
(Fig. 8).

If simultaneous insertion of the hemostatic device and
perfusion balloon or covered stent is impossible and dou-
ble GC system cannot be established, the conventional bal-
loon is removed and exchanged for a covered stent (if the
rupture site is clearly identified) or exchange for a perfu-
sion balloon (if the rupture site is unclear). In either case,
since it takes substantial time for device exchange (even if
performed quickly), significant bleeding can occur, which
poses a risk of cardiac tamponade. In this situation, sufficient
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preparations such as vasopressors and pericardiocentesis
should be performed before the conventional balloon is
removed.

Covered stents

Coronary artery rupture involves the disruption of arte-
rial adventitia. Even if temporary hemostasis is achieved
with balloon or perfusion balloon, such hemostasis relies
on thrombosis within the perivascular tissues. Therefore,
there is a possibility of rebleeding due to thromboly-
sis. Delayed tamponade caused by thrombolysis is also
reported in literatures [15, 16]. Therefore, even if hemosta-
sis is achieved with balloon or perfusion balloon, covered
stent placement should be considered in case of coronary
artery rupture. When placing a covered stent, more careful
procedures are required compared to regular stent place-
ment in terms of crossability, stent dislodgement risk, and
cover layer damage risk. Crossability is of particular con-
cern in covered stents with double layer of stent struts
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(Graftmaster: Abbott Cardiovascular, Plymouth, USA).
Stent dislodgement and cover layer damage are concern
in covered stents with single layer of struts (PK Papyrus:
Biotronik, Berlin, Germany). GEC is useful to resolve the
weak points of covered stents such as poor crossability,
dislodgement risk, and damage risk [17]. However, since
covered stents have larger profile than regular stents, it is
necessary for operators to know which GECs are compat-
ible with each covered stent. In our bench test, simultane-
ous insertion of conventional balloon and GEC is only
possible with the combination of 8 Fr GC (0.090") and
GuidePlus 5 Fr (Nipro, Settsu, Japan). However, since the
inner lumen of GuidePlus 5 is small, it is difficult to bring
existing covered stents via GuidePlus 5Fr. Therefore, it is
impractical to try simultaneous insertion of conventional
balloon and GEC for covered stent delivery.

Heparin reversal

In principle, when placing a covered stent, “heparin reversal
should not be performed.” This is because “thrombosis and
coronary occlusion” due to heparin reversal can result in
a more serious situation. If heparin reversal is performed
for any reason, ACT should be controlled to approximately
150-200, and periodic saline flushing is necessary to prevent
thrombus formation within the coronary artery and guide
catheter.

Surgical management

If the coronary artery rupture site is correctly identified and
covered stent placement is performed without causing signif-
icant coronary occlusion or ischemia, surgical management
is unnecessary. Conversely, surgical treatment is required
if the coronary artery rupture site cannot be identified, if
bleeding cannot be controlled with conventional balloon,
perfusion balloon, or covered stent, or if significant ischemia
occurs following covered stent placement. When surgical
treatment becomes necessary, “information sharing with
the surgical team” is extremely important, although time is
limited in emergent situations. “Multidisciplinary treatment
utilizing all options for surgical and interventional treatment
“is essential to overcome this critical situation.

Non-blowout-type coronary artery rupture

Since patient’s hemodynamics is often maintained in non-
blowout coronary artery rupture, more time is available for
the bailout procedure than blowout coronary artery rupture.
However, because non-blowout-type coronary artery rup-
tures can progress to blowout-type over time, prompt covered
stent placement or perfusion balloon inflation (conventional

balloon inflation is also possible in the absence of ischemia)
is necessary. Furthermore, it is important to recognize that
coronary artery rupture involves the disruption of arterial
adventitia even in non-blowout-type coronary rupture. Even
if hemostasis is achieved with perfusion balloon or other
means, there is a risk of delayed rebleeding due to throm-
bolysis. Therefore, covered stent placement should be con-
sidered depending on the situation.

Coronary artery rupture during guidewire
manipulation in CTO PCI

In coronary artery rupture during guidewire manipulation
for CTO PCI, plaque sealing should be attempted first.
The coronary artery rupture site can be sealed with plaque
by advancing a guidewire, either in antegrade or retro-
grade manner, into a plaque different from the coronary
artery rupture site or into the subintima on the opposite
side of the coronary artery rupture site, followed by bal-
loon dilation or stent placement. In this case, creating a
dissection in the sealing plaque may establish communica-
tion between the lumen and the rupture site, which makes
hemostasis difficult. Therefore, smaller balloons and stents
should be selected and gradually expanded from low pres-
sure. When the guidewire passes through a subintimal
route, including the coronary artery rupture site, and bal-
loon dilation or stent placement is performed along with
the subintimal route, there may be cases in which plaque
sealing is unsuccessful and bleeding persists. In this situ-
ation, it is an option to perform long inflation with perfu-
sion balloon for thrombotic hemostasis or to deploy cov-
ered stent. If both plaque sealing and guidewire passage
are unsuccessful, the placement of coils in the subintimal
space may control bleeding. This situation differs from
coil procedures in coronary perforation, because this coil
placement is performed in a relatively large lumen, often
requiring “longer coils” and “more coils.”

Persistent bleeding after pericardiocentesis

Despite appropriate management of the coronary artery
rupture site and confirmed hemostasis, bleeding from peri-
cardiocentesis drainage may persist in rare cases. In such
cases, “RCA angiography” should be performed, because
the pericardiocentesis needle might damage the vessels in
the RCA territory on the heart surface (Fig. 6b).

Summary
The most important aspect of bailout for coronary artery

rupture is to preserve patient’s life and higher brain function.
To achieve this, the first crucial step is to maintain cerebral
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Table 1 Test results of “simultaneous insertion of a perfusion balloon and covered stent”

Test results of “simultaneous insertion of perfusion balloon and covered stent” in a situation when coronary rupture occurs after DES placement, and

performing primary hemostasis with a balloon or DES system

Result - 6Fr GC : Simultaneous insertion of a perfusion balloon/covered stent is not possible" even if primary hemostasis is achieved with a compliant or non compliant balloon

Because of the large differences in the DES profiles of hemostatic systems, the situations in which simultaneous insertion is possible vary significantly

Result - 7Fr GC : As DES systems, Coroflex, Resolute Onyx, and Ultimaster Nagomi have the opportunity for simultaneous perfusion balloon and covered stent insertion

Simultaneous insertion may be difficult with Synergy XD/Orsiro Mission and should not be attempted with Xience Skypoint

Result - 8Fr GC : Simultaneous insertion of any DES system or a perfusion balloon primary hemostatic system and "any perfusion balloon covered stent can be inserted at the same time

#Caution®  This result is only for reference as it is a "simple test in a dry environment" and "evaluation of passability in GC only"

#Caution®  Depending on conditions within the coronary artery, there may be situations where simultaneous insertion is not possible, unlike the test results

o Caution There have been reports of stent dislodgement with PKPapyrus;

the procedure should be performed with great care, including resistance while advancing the system, whether in the GC or in the coronary artery
#Caution®  The largest balloon diameter DES was used in this test. It is possible that the smaller size DES may have a smaller profile and can be inserted simultaneously
. Simultaneous Insertion Device
GC Hemostasis System
Ryusei 4.0x20 GM 3.5x16 GM 2.8x16 PKP 3.5x15 PKP 3.0x15 PKP 2.5x20

Kamui 2.4Fr X X X X X X

6Fr 0.071" -
NCKamui 2.6Fr X X X X X X
Coroflex 4.0x38 AN ©) O O O ©)
Resolute Onyx 4.0x18 A N A o o)
Ultimaster Nagomi
4.0x21 A A A O @)
Synergy XD 4.0x16 A X | mmemeeeee- X O O

7Fr0.081" [ orsiro Mission 3.5x22 x A A x A O
Xience Skypoint 4.0x18 X X X x x A
Kamui 2.4Fr A X A D S I — e)
NCKamui 2.6Fr A A A L O
Ryusei 4.0x20 [ = ---------- X X X X X
Orsiro Mission 3.5x22 ©) ©) ©) O O ©)
Ryusei 4.0x20 O O O [©) ©)

8Fr 0.090" - -
Xience Skypoint 4.0x18 O O O O O O
Other DES Xience Skypoint 4.0x18, Orsiro Mission 3.5x22 passed, so " passed confirmed" and not tested

blood flow. Once cerebral blood flow is maintained, inter-
ventionalists and cardiovascular surgeons should provide the
best possible treatment.

Guidewire entrapment/Guidewire fracture

[Mechanism]

Guidewire is an essential device in PCIL. Different types of
guidewires are available such as workhorses, soft-tip guide-
wires for frontline use, and stiff-tip guidewires, which are
often used in CTO PCI. The development of novel tech-
niques and improvement of interventional equipment in
recent years have resulted in a significant increase in PCI
success rates and enabled the treatment of more complex
lesions. However, there is a risk of complications, particu-
larly when treating CTO, bifurcation lesions, and heavily
calcified tortuous vessels. Guidewire entrapment or fracture
is more likely to occur during PCI for CTO, heavily calci-
fied and tortuous vessels, in-stent restenosis, or bifurcation
lesions accompanying the jailed wire technique [18]. Guide-
wires left within the vessels, especially if the outer coil is
unraveled, are highly thrombogenic, leading to coronary or
systemic thrombosis.

[Incidence]

The incidence of guidewire entrapment or fracture is
approximately 0.1-0.2% for all PCI [19] and 0.5% for CTO
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PCI [20]. Guidewire entrapment or fracture is an uncommon
but potentially life-threatening complication.

[Causes of guidewire entrapment or fracture]

The causes of guidewire entrapment or fracture include
wiring in the CTO, calcified lesions, tortuous lesions, bifur-
cation lesions, ISR lesions, stent jails, and use of polymer
jacket guidewires. The entrapment of the guidewire tip is
caused by the tip entering small vessels or vessel spasms.
Guidewire ruptures easily when rotational maneuver is
applied with an entrapped tip. Additionally, excessive pull-
ing force on the entrapped guidewire can lead to guidewire
fracture [21, 22]. This is likely to occur when a knuckle-
shaped polymer-jacketed wire is advanced inside the CTO.

There is also a risk of guidewire fracture during proce-
dures such as rotational atherectomy, orbital atherectomy,
and directional coronary atherectomy, in which the device
rotates at high speed on the guidewire. If the burr or crown
advances to the guidewire stopper, or if the device is acti-
vated with the guidewire tip trapped within the coronary
artery, the guidewire is easily fractured.

Guidewire is composed of inner coil (core) and outer coil.
The outer coil is densely wrapped around inner coil in coun-
terclockwise direction. The flexibility of the guidewire tip
is ensured by thinning the core, where the distal 3 cm of the
tip is radiopaque. There are various types of “fracture,” such
as detachment of flexible tip, fracture of core, and unrave-
ling or stretching of outer coil. Although detachment of the
flexible tip is unlikely to cause coronary injury, fracture of
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Fig.8 Procedure steps of double GC system/pericardiocentesis trouble

the guidewire shaft can cause arrhythmia, coronary dissec-
tion, or perforation [4, 23]. Additionally, if the outer coil is
unraveled, the outer coil becomes thin and flexible, forming
a nidus with high thrombogenicity. If the unraveled outer
coil remains in the coronary artery, it may cause coronary
thrombotic occlusion, and if the unraveled outer coil remains
in the aorta, it may cause systemic embolization [24].

[Prevention]

Guidewire should not be rotated excessively, and the
clockwise and counterclockwise rotations should be
maintained until approximately 180 degree. Furthermore,
when the tip is trapped, rotational maneuver should not
be applied. It is particularly important to check the mobil-
ity of the guidewire tip during rotational atherectomy,
orbital atherectomy, and directional coronary atherec-
tomy. In clinical practice, guidewire is commonly used
to protect the side branches during stent deployment, and
it is sometimes difficult to remove the jailed guidewire.
It is important to remove the jailed guidewire before
high-pressure post-dilatation, to be particularly careful
in long stent for calcified lesions, and not to jail the radi-
opaque part with stent. The use of long stent in heavily

calcified lesions is a risk factor for guidewire entrapment
or fracture because the guidewire is tightly sandwiched
between the stent and calcified plaque. Recently, special
techniques such as jailed corsair technique [25] and jailed
balloon technique [26] have been developed to protect the
side branches when treating bifurcation lesions. Although
these procedures are intended to protect side branches,
these procedures also protect the guidewire, which pre-
vents guidewire entrapment or fracture in bifurcation
lesions.

[Management]

There are three potential approaches for managing guide-
wire entrapment or fracture: (1) percutaneous removal, (2)
surgical removal, and (3) conservative management, which
leaves the fragment in coronary artery. Removal of the
guidewire fragments is recommended in most cases and
should ideally be achieved using percutaneous techniques,
although surgical removal may be required in some cases.
Management of these complications is predominantly based
on the operator’s experience and knowledge. Therefore, we
proposed a structured algorithm for managing guidewire
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Fig.9 Flowchart for guidewire entrapment or fracture. CTO, chronic total occlusion; GEC, guide-extension catheter

entrapment and fractures. A flowchart of the procedure for
treating guidewire entrapment is shown in Fig. 9.
[Percutaneous removal]

Microcatheter method

The microcatheter should be advanced over the entrapped
wire as closely as possible to allow release of the jailed
or entrapped part [4, 27]. Rotative microcatheters such
as Corsair (Asahi Intecc, Seto, Japan) or Tornus (Asahi
Intecc, Seto, Japan) may be effective in passing through
the jailing part and eventually freeing the entrapped guide-
wire. If the GW is covered by the microcatheter, the use of
a snare is also an option, as described below.

Plaque modification method
The balloon should be advanced as far as possible over

the entrapped guidewire and inflated, potentially freeing
the wire from the surrounding tissue [18]. A small-profile
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balloon is recommended for entrapped jailed guidewires.
Alternatively, a second guidewire may be advanced around
the entrapped guidewire followed by balloon inflation to
disengage the guidewire from the coronary artery wall.

Guide catheter/GEC trapping method

If the wire remains intact, or the fractured core remains
within the guide catheter or GEC, a conventional balloon
is advanced and inflated at the terminal part of the guide
catheter or GEC. The entire system is then retracted to
remove the retained or fractured guidewires as one unit
[19].

Multiple guidewires twisting method

This method is also valid for guidewire fractures. Two
or more guidewires should be advanced alongside the
entrapped guidewire, with a torquer device applied to all
guidewires. A twisting action results in the guidewires



Clinical expert consensus document on bailout algorithms for complications in percutaneous...

‘Knuckle-twister’ technique

A

Fig. 10 The “Knuckle-twister” technique. This method retrieves a
fractured or entrapped guidewire by forming the tip of the polymer-
jacketed guidewire into a knuckle of 3—-6 cm (A), advancing it slightly
distal to the lost wire (B), and pulling it back while continuously

wrapping around the retained guidewire, eventually trapping
the fractured fragment between the wrapped portions [28].
The twisted group is then retracted, pulling the entrapped
guidewire out of the coronary artery toward the guide cath-
eter as a whole.

Knuckle-twister method

Similar to the guidewire twist method, the knuckle-twister
method is useful when guidewire fractures occur [28, 29].
A polymer-jacketed tapered guidewire such as Fielder XT-A
(Asahi Intecc, Seto, Japan) is used as a retrieval guidewire. A
knuckle of ~3-6 cm in length (Fig. 10A) should be formed
and advanced slightly distal to the lost guidewire (Fig. 10B).
Thereafter, the drilling of the knuckle guidewire is com-
menced (Fig. 10C). A pullback is performed while drilling
continuously until the guidewire becomes completely entan-
gled with the lost guidewire (Fig. 10D, E). The entanglement
formed by knuckle-twister technique is notably tighter and
stronger than entanglement formed by multiple guidewire
twisting technique. This method can be used to cutting as
well as removal for unraveled outer coils.

Snaring

Grasping the entrapped guidewire with a snare allows opera-
tors to pull out the entrapped guidewire with strong force.

drilling until the wire becomes completely entangled with the lost
wire (D, E). This figure has been reprinted with permission (Leibun-
dgut et al. [29])

However, there is a possibility of tearing or damaging the
guidewire, making subsequent procedures difficult. A micro-
loop snare with a loop diameter of 2 or 4 mm is advanced as
much as possible over the entrapped guidewire and tightened
to facilitate guidewire retrieval. The snare is loaded from
the tail of guidewire and advanced coaxially to the distal
tip, where the snare is closed and pulled together with the
entrapped guidewire [30]. EN Snare (MERITMEDICAL,
South Jordan, USA) has three loops that increase the possi-
bility of retrieval. In cases where remnant fragments remain
in the distal coronary artery, Soutenir (Asahi Intecc, Seto,
Japan) should be considered for its excellent derivability,
even to the far distal parts of coronary artery.

If the proximal part of the entrapped guidewire remains
within a microcatheter (GW is covered by the microcathe-
ter), it is recommended to use 4 mm snare via the microcath-
eter after cutting the hub of the microcatheter. Even the 6Fr
guide catheter can accommodate 4 mm snare and the small-
diameter microcatheter simultaneously. This method allows
operators to bring the snare until the entrapped guidewire
easily. Note the combination of snare and small-diameter
microcatheter is recommended rather than the snare system.
In a bench test for this document, it was possible to cut or
retrieve the entrapped guidewire.(In this case, 4 mm Goose
Neck Snare (Medtronic, Dublin, Ireland) + Finecross GT
(Terumo, Tokyo, Japan) was used). Because it is necessary
to remove the microcatheter in multiple guidewires twisting
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method or knuckle-twister method, this method may be con-
sidered as the first choice before trying to multiple guide-
wires twisting method or knuckle-twister method.

In Fig. 9, the first step is to verify whether the guide-
wire is fractured. Next, the continuity of the guidewire core
should be confirmed using fluoroscopy. If it is difficult to
determine the continuity with fluoroscopy, IVUS is useful.
To prevent thrombotic complications, additional heparin
should be considered to maintain ACT of 250-300 s or
more. If the entrapped guidewire is intact (blue line), the
first-line treatment is to insert a microcatheter and remove
the entrapped guidewire. Next, a small-profile balloon is
inserted along the entrapped guidewire and inflated to free
the entrapped guidewire from the surrounding tissue, as
described by the plaque modification method. In addition,
guide catheter/GEC trapping and snaring methods should
be considered. Finally, the microcatheter and the guidewire
are removed together. Based on the guidewire entrapment or
fracture status, the flow described in green should be consid-
ered first, followed by yellow. Red indicates relatively risky
methods. If the guidewire is fractured initially or during the
retrieval process, proceed to “How to retrieve a fractured
guidewire’’ on the chart. Usually, “guidewire fracture’’
refers to a fracture of the core, and the outer coil is often left
behind and unraveled. Furthermore, the unraveling of the
outer coil is difficult to confirm using fluoroscopy and can
only be confirmed by IVUS. The chart indicates whether the
proximal end of the fractured core is within guide catheter
or GEC, aorta, or coronary artery, regardless of the pres-
ence or absence of outer coil unraveling, as indicated by
green, yellow, and red, respectively. If the guidewire core
remains in the guide catheter/GEC, the guide catheter/GEC
trapping method is used to target the fragmented core's
proximal end. If the guidewire core remains in the coro-
nary artery, the guide catheter/GEC should be advanced into
the coronary artery, and the guide catheter/GEC trapping
method should be attempted. However, additional attention
should be paid to coronary injuries. Snaring, biopsy for-
ceps, or Soutenir may be used to grasp the proximal end of
the fragmented core. During retrieval, the grasped proximal
end of the guidewire may cause coronary artery injury. The
use of GEC may reduce this risk of coronary artery injury.
If strong resistance is observed within the coronary artery
during retrieval, it should not be forcefully removed. In
this situation, stent fixation within coronary artery should
be considered [21, 23, 27]. If the fragmented core floats in
the aorta, snaring is attempted by using a large Goose Neck
Snare or a handmade snare. To prevent aortic injury, the
part gripped by the snare should be as close as possible
to the proximal end of the remaining core. The complete
fracture of a flexible tip or ball tip can remain within the
coronary artery. If the tip is not mobile (fixed) within CTO
or small vessels, it may be unnecessary to retrieve the tip.
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If the fragmented core is mobile within the coronary artery,
the guidewire twist or knuckle-twister method should be
used to retrieve the tip. If the outer coil is unraveled and left
behind, several options may be considered depending on
whether the unraveled outer coil “extends to the aorta” or
“is localized within the coronary artery.” However, it is diffi-
cult to manage the remnants of an unraveled outer coil. This
is not only because the remaining outer coil exhibits high
thrombogenicity but also because snare gripping or guide
catheter trapping methods is ineffective, which can cause
further distraction of the outer coil. (As mentioned above, if
the proximal part of the entrapped guidewire remains within
a microcatheter, it is recommended to use 4 mm snare via
the microcatheter after cutting the hub of the microcatheter.)
The bailout procedure aims to cut the unraveled outer coil
and localize it in the coronary artery. The knuckle-twister
method is an option. Once the outer coil is cut and local-
ized in the coronary artery, the shortened outer coil can be
fixed with a stent. Depending on the operator’s technique,
rotational atherectomy may be useful to cut the remnant
outer coil at the ostium of the coronary artery [31]. If serial
attempts fail and the outer coil remains in the aorta, there is a
possibility of systemic embolization depending on its length.
Therefore, surgical removal must be considered.

[Summary]

Guidewire entrapment or fracture is a rare but poten-
tially life-threatening complication. Although percutaneous
retrieval is an ideal bailout, it is necessary to consider the
possibility of subsequent complications caused by prolonged
percutaneous retrieval, such as coronary artery occlusion,
dissection, or perforation. Rather than pursuing complete
retrieval, alternative options such as stent fixation on the
coronary artery wall, surgical removal, and conservative
treatment should be considered to save patient’s life. On the
other hand, high mortality is expected in emergent surgi-
cal removal combined with coronary artery bypass graft
surgery. Appropriate treatment should be selected for each
patient and each type of guidewire fracture.

Imaging device entrapment

[Mechanism]

IVUS catheter entrapment can occur because of the
impaction of stent strut into the exit port of IVUS catheter
(Fig. 11A), excessive pushing of the IVUS catheter into
the severe stenosis, or entrapment associated with guide-
wire bending or kinking. Naturally, this complication can
occur not only with IVUS catheters but also with OCT and
optical frequency domain imaging (OFDI) catheters. Imag-
ing catheter entrapment can occur in both short monorail
and wire-rail types that have a second guidewire lumen.
Management varies depending on causes of entrapment.
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Mechanisms of IVUS Entrapment occurrence/experimental image

Image of IVUS Entrapment after stent placement

Fig. 11 Experimental image of the mechanisms of IVUS entrap-
ment occurrence. Experimental image of IVUS entrapment after stent
placement (A). Experimental image during the insertion of a small-

A flowchart of this process is shown in Fig. 12. In cases
of entrapment in severe stenosis, operators should try to
remove the catheter by dilating the lesion or, if possible, to
grasp the entrapped device as close to the entrapment site
by snare. If the cause of entrapment is related to the guide-
wire, operators should try to remove the IVUS catheter
after advancing the IVUS catheter to correct the guidewire
bending and slowly withdraw the IVUS catheter together
with the guidewire. This document focus on the impaction
of stent strut into the exit port of IVUS catheter, which is
the most fundamental issue in IVUS entrapment.

[Predisposing conditions]

Regarding the impaction of stent strut into the exit port,
Hiraya et al. reported that the incidence of IVUS entrap-
ment is high in cases with very tortuous lesions, severely
calcified lesions, third-generation drug-eluting stents, and
stent diameters of <2.5 mm [32]. The characteristic fea-
ture of the exit port entrapment, which is different from
other types of IVUS entrapment, is that it is easy to push
the IVUS catheter distally after the occurrence of IVUS
entrapment, but the catheter becomes entrapped at the
same location when the IVUS catheter is pulled back.

[Management]

Forceful pulling the IVUS catheter would make the
entrapment more rigid and make it impossible to push
the distal portion of the catheter, which is more difficult

Image during the insertion of a
small diameter balloon or microcatheter

diameter balloon or microcatheter (B). The device tip occluded the
exit port, leaving no space for entrapment of the stent strut

situation to overcome. For the prevention of the rigid
entrapment, the IVUS catheter should be pulled back
under fluoroscopy. If entrapment occurs, it should not be
pulled back forcefully. If the mechanism of entrapment is
the impaction of stent strut into the exit port, entrapment
can be avoided by occluding the exit port or by misalign-
ing the position of the exit port and stent struts when pull-
ing the IVUS catheter back.

IVUS catheter rotation

If the IVUS catheter advances distally, rotating the IVUS
catheter and pulling it back again may resolve the entrap-
ment. However, since this method is unreliable, it is impor-
tant not to stick to IVUS catheter rotation.

Exit port occlusion

If entrapment cannot be resolved by rotating the IVUS cath-
eter as initial procedure, the exit port occlusion technique
should be performed. The operator needs to advance the
IVUS catheter distally to occlude the exit port. A micro-
catheter or balloon catheter is inserted over the guidewire,
which is used to advance the IVUS catheter, and then the
microcatheter or balloon catheter is advanced until the tip
contacts the exit port (Fig. 11B). The IVUS catheter is then
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Stuck at the time of entry
= entrapment in a severe stenosis

= entanglement of stent struts in the exit port or IVUS wire di

Stuck at the time of removal
stortion/entanglement

v v

p
® Anchor trap with GEC/GC [ IVUS wire distortion/entanglement = K Correct the position of the IVUS wire
Exchange the Imaging Core for a Thicker X Remove the IVUS wire Removable
GW No * * NOT Removable Possible to remove IVUS catheter after the
Use 7Fr or larger GC above methods?
W Dilate the Entrapment Site and capture [ IVUS catheter advance distally ? ]
with a snare e N
Use double GC system Pushable I NOT Pushable | [ Exchangethe Imaging Core for a Thicker GW
K Dilate the Entrapment Site — Insert a GEC
K occluding the exit port Pushable Use 7Fr or larger GC or double GC system
Possible to remove IVUS catheter after the v * Balloon dilation
above methods? X Remove the catheter forcefully
7Fr or larger GC can be used, or a small IVUS catheter advance distally after the
NOT diameter MC can be used above methods?
Removable Removable W occluding the exit port with MC/BC ) L Y,
‘ Impossible / Unsuccessful
Exchange the Imaging Core for a Thicker Removable » Successful removal
GW, and Rotate "
NOT Pushable g 4
* Impossible / Unsuccessful
The risk of stent deformation is low with GEC insertion
Insert a GEC
Possible to establish a double GC system
Surgical Management Dilate the Entrapment Site with a Balloon with Double GC Syste m + Use GEC if Necessary
case of using 6Fr GC and there is no small diameter MC
Remove the GC and occlude the exit port with a BC or MC (inflat e a small-diameter balloon in the
Removable

NOT
Removable

IVUS GW Removal

imaging core lumen of the IVUS catheter)
IVUS catheter and wire can be anchor trapped with double GC sy
exit port with a BC or MC If the above methods are unsuccessful

M Remove the catheter forcefully

stem + Remove the GC and occlude the
or not applicable

Fig. 12 Flowchart for imaging entrapment

removed by pulling it back with the device. In this case, if
the microcatheter or balloon catheter used to occlude the
exit port is pulled back first, occlusion of the exit port may
become insufficient and the IVUS catheter may become
entrapped again. Maintaining occlusion of the exit port is
important while pulling back the IVUS catheter and the
device. This exit port occlusion technique is highly reliable.
However, there are limitations for its implementation. If the
guide catheter is > 7 Fr, a slimmer microcatheter or balloon
catheter can be selected and advanced through the guide
catheter along with an entrapped IVUS catheter. However,
if the guide catheter is 6 Fr or smaller, the devices that can
be used in combination with the IVUS catheter are limited
depending on the IVUS catheter used. Information regarding
the compatibility between the IVUS catheters and combin-
able devices should be obtained in advance. The conditions
for the simultaneous insertion of the imaging catheters and
microcatheters or balloon catheters when using 6 Fr guide
catheter are as follows: If the outer diameter of the IVUS
catheter shaft is 3.0-3.2 Fr, insertion of 1.9 Fr microcatheter
is possible. However, if the outer diameter is 3.6 Fr, even
with 1.6 Fr microcatheter, there is a strong resistance or
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difficulty in insertion; therefore, this is not currently rec-
ommended. The results of the bench test conducted by this
task force are shown as reference information. In 6 Fr guide
catheter, simultaneous insertion of IVUS catheters including
“OptiCross (Boston Scientific, Marlborough, USA): tip 2.4
Fr, exit port 3.15 Fr, proximal 3.0 Fr,” “AltaView (Terumo,
Tokyo, Japan): tip 2.6 Fr, proximal 3.0 Fr,” “AnteOwl (Ter-
umo, Tokyo, Japan): tip 2.6 Fr, proximal 3.1 Fr,” and 1.9 Fr
Carnelian Marvel Micro Catheter non Taper (Tokai Medical
Products, Kasugai, Japan) was possible. In 6 Fr guide cath-
eter, simultaneous insertion of “Dualpro (Infraredx, Bed-
ford, USA): tip 2.4 Fr, exit port 3.2 Fr, proximal 3.6 Fr”” and
Carnelian Marvel Micro Catheter (Model: S MXNS155X
1.6/1.8 Fr, 155 cm single marker: Tokai Medical Products,
Kasugai, Japan) was difficult, which was judged not to be
recommended. When using Dualpro, it may be worth con-
sidering using 7 Fr guide catheter. Simultaneous insertion
of any IVUS catheters and balloon catheter is difficult in 6
Fr guide catheters.
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Advance entrapped IVUS catheter distally

If the exit port entrapment becomes rigid and the IVUS
catheter does not advance distally, the imaging core should
be removed and replaced with a thicker hydrophilic guide-
wire. The IVUS, OCT, and OFDI catheters and exchange-
able imaging core guidewires are as follows: AltaView with
0.021" guidewire; FastView (Terumo, Tokyo, Japan) with
dry 0.018" guidewire (this must be dry without water prim-
ing); Dragonfly (Abbott Cardiovascular, Plymouth, USA)
with 0.018"” guidewire; OptiCross with 0.025" guidewire;
Dualpro with 0.025" guidewire. To exchange a thicker
guidewire, the hub at the proximal end of the imaging cath-
eter is loosened or removed, or the distal end of the stretch-
able part of the catheter is cut. This exchange increases the
force required to push the IVUS catheter distally, potentially
moving the IVUS catheter distally. If the IVUS catheter
moves distally and exit port occlusion is possible, the IVUS
catheter should be removed by occluding the exit port. If
the exit port occlusion technique cannot be performed in the
limitation of guide catheter size or if it is unsuccessful, the
following procedures should be considered:

Advance soft 0.014" guidewire with knuckle shape
beside the IVUS catheter

If the IVUS removal route deviates from the stent strut after
using knuckle guidewire, the IVUS catheter can be removed.
Multiple knuckle guidewire insertions may increase the suc-
cess rate. However, these results are difficult to control.

Establish double-guide catheter system, dilate
the entrapment site with balloon, and use GEC
if necessary

If treatment is performed using single-guide catheter system,
another puncture is required and the second guide catheter
should be advanced into the same coronary artery. Once
double-guide catheter system can be established, operators
can dilate the entrapment site via the second guide catheter,
which can change the positional relationship between the
exit port and entrapped struts. In this situation, high success
rate can be expected. Furthermore, balloon dilation from the
second guide catheter can be combined by cutting the IVUS
catheter and advancing the GEC, as described below.

Cut the IVUS catheter, exchange the imaging core
for a thicker guidewire, and rotate the IVUS catheter
if necessary

The insertion of a thicker guidewire may shift the IVUS
withdrawal route, potentially allowing the removal of the
IVUS catheter possible. The insertion of a thicker guidewire

may also improve rotational performance, and the rotation of
the IVUS catheter can be used in combination.

Cut the IVUS catheter and advance the GEC/child
catheter

If the tip of the GEC/child catheter can be advanced beyond
the entrapment site, the struts will no longer be entrapped in
the exit port and the IVUS catheter can be reliably removed.
Even if the tip of the GEC/child catheter does not reach
the entrapment site, advancing it close to the entrapment
site may change the positional relationship between the exit
port and struts, potentially resolving the entrapment. How-
ever, incomplete stent expansion may cause IVUS catheter
entrapment, and there is a risk of stent deformation with the
insertion of GEC/child catheter. Stent deformation combined
with IVUS entrapment can result in serious complications.
Therefore, careful consideration is required to determine
whether this method should be performed.

IVUS catheter cutting, guide catheter removal,
exit port occlusion, and anchor trapping
with double-guide catheter if necessary

If 6 Fr or smaller guide catheter is used and the abovemen-
tioned exit port occlusion cannot be performed, exit port
occlusion can be performed by advancing a balloon catheter
or microcatheter over the IVUS guidewire after cutting the
IVUS catheter and removing the guide catheter. To prevent
unintended movement of the IVUS catheter and guidewire
during guide catheter removal, in addition to using an exten-
sion wire, a 0.014" guidewire and a small-diameter bal-
loon can be advanced into the imaging core lumen of the
IVUS catheter and the balloon can be inflated within the
imaging core lumen. This method supports constant hold-
ing of the IVUS catheter and guidewire even during guide
catheter removal and prevents unintended movement of the
IVUS catheter and guidewire. If balloon catheter or micro-
catheter insertion is difficult after guide catheter removal,
double-guide catheter system can be established and the
IVUS catheter and guidewire can be anchored distal to the
entrapment site. By anchoring the IVUS catheter and guide-
wire, pulling tension can be applied to the IVUS guidewire
while inserting the balloon catheter or microcatheter, which
increases the possibility of successful balloon catheter or
microcatheter insertion. However, because anchor trapping
is performed within the coronary artery (not within the guide
catheter), the IVUS catheter and guidewire may be with-
drawn unintentionally.
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IVUS guidewire removal

Finally, when other methods are unsuccessful or cannot
be applied, the guidewire of IVUS catheter is removed.
Removing the guidewire of IVUS catheter may change the
positional relationship between the exit port and the struts,
allowing the IVUS catheter to be removed. However, caution
is required in this option, because removing the guidewire
of IVUS catheter makes the exit port occlusion technique
unavailable.

Procedure after successful IVUS catheter removal

After removal of the IVUS catheter, stent expansion and cor-
onary artery blood flow should be confirmed. At this time,
since confirmation of stent deformation using intravascular
imaging is not usually recommended, it is important to per-
form post balloon dilatation to adjust the stent struts.

Surgical management

If all the above procedures are unsuccessful, surgi-
cal retrieval should be considered before hemodynamic
deterioration. In general, surgical retrieval is safe and
straightforward.

How to cut and pull the drive shaft sheath

Bailout from the entrapment of rotational
atherectomy burr

[Mechanism and incidence]

Rotational atherectomy remains the cornerstone treatment
for severely calcified coronary lesions in contemporary PCI
[33, 34]. Burr entrapment is a unique complication asso-
ciated with rotational atherectomy. The incidence of burr
entrapment is approximately 0.4—-0.8%, based on single-
center studies [35, 36]. Several mechanisms have been pro-
posed for the burr entrapment. One such mechanism is the
Kokeshi phenomenon. In this phenomenon, the coefficient
of friction during motion is smaller than that at rest [36].
Burr entrapment due to the Kokeshi phenomenon may occur
after forceful manipulation with small burrs. Vessel angula-
tion is another possible mechanism for burr entrapment. The
burr can be entrapped by non-severe calcification at the site
of angulation because the burr shape is ellipsoid and the
diamond coating is absent at the tail of the burr. Further-
more, the burrs may be entrapped by previously deployed
stent struts. Careful manipulation is necessary when the burr
advances within or beyond previous stents.

To prevent burr entrapment, operators should recognize
changes in the rotational speed, sound of ablation, and resist-
ance during rotational atherectomy. If operators encounter
burr entrapment, they must remain calm. Operators should
assess the situation, including the presence of antegrade
flow, changes in electrocardiogram, and the extent of the
patient’s chest pain. In the absence of antegrade flow beyond
the burr, percutaneous bailout is expected to be difficult.

Fig. 13 How to cut and pull the drive shaft sheath. A An RA burr
(1.25 mm) is inserted into a 6 Fr guide catheter via a Y-connector. B,
C The drive shaft, drive shaft sheath, and RA wire are cut together
near the advancer. D, E The drive shaft sheath was pulled back and
removed. F After the drive shaft sheath is removed, the drive shaft
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remains in the same position. G, H A guidewire (0.014") is passed
through the guide catheter via an inserter and Y-connector. I A
2.5% 15 mm conventional balloon easily passed through the guide
catheter. This figure was reproduced with permission from Sakakura
etal. [37]
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Operators should contact cardiovascular surgeons and dis-
cuss options including surgical bailouts. Furthermore, if
the vital signs are unstable, operators should not hesitate to
use mechanical support devices. However, if the antegrade
flow is maintained without ST-segment elevation, operators
can try percutaneous bailout techniques. Before attempt-
ing bailout techniques, operators should consider securing
additional femoral access (arteries and veins) for the rescue
sheaths or double-guide catheter system. Because massive
perforation may occur immediately after retrieval of the

entrapped burr, rescue sheaths may be useful for establish-
ing mechanical support devices smoothly.

[Management]

Although several percutaneous bailout techniques have
been reported in the literature [37—-45], the focus among the
various bailout techniques is whether to establish double-
guide catheter system. If operators select the double-guide
catheter system, they attempt to cross the lesion using a
workhorse guidewire from the second guide catheter and
dilate the proximal segment of the entrapped burr using a
conventional balloon [38]. The advantage of double-guide

Table 2 Rotablator burr entrapment: results of simultaneous device insertion tests by removal and non-removal of drive shaft sheaths

Rotablator burr stuck : Rotablator burr entrapment: device compatible bench test

Do not cut DS - DSS

DSS+MC DSS+GW+BC DS+Snare

6Fr GC X X

Cut DS - DSS, and retrieve DSS

DS+Trapping
DS+MC DS+BC+GW B

7Fr 6C x o o o o
GC : GC+GEC 8Fr GC GUI[)GI;;ILLA 6Fr HIKYAKU GUIDE?’E[JS TEL 6Fr EZ GUIDE  7Fr GUIDEZILLA
(Do not cut DS - DSS) 1.45mm 1.48mm 1.43mm 1.42mm 1.60mm
DS+Snare GOOSE NECK Snare (2.3-3.0F) x X x x x X .o
Overall impression A A A A X o
Mogul SP Thinner (2.6F) (@) A (@) X X o
FINECROSS GT (2.6F) o o o o X (e)
DS+MC Caravel (2.6F) o A o A x o
Corsair PRO (2.8F) X X X b3 x o
Zizai (2.8F) X A (e) o X o
Overall impression o A A A x o
SAPPHIRE NC24 (2.55F) 2.25x 10mm O X A A X (e)
DS+BC+GW Emerge (2.6F) 2.0 x 12mm (@) A A A X o
Raiden3 (2.6F) 2.50 x 10mm (o) A (o) O X o
Ryurei (2.7F) 1.5x20mm O A A A X ()
Device
@ This table is based on bench test. These results does not guarantee the successful insertion of each device Drive shaft : DS
@ Impossible=X, Possible with resistance= A, Possible with strong resistance= A, Possible=O Drive shaft sheath : DSS _
f : P Guide catheter : GC Guide wire : GW
® 6Fr - 7Fr GC require cutting DS - DSS and retrieving DSS Microcatheter : MC_ Balloon catheter : BC
® 8Fr GC usually does not require cutting DS - DSS, but may require cutting DS - DSS because of strong resistance Trapping device = KUSABI (2.0F)
® Snare - MC - BC within GEC is mostly possible in 6Fr, but is better in 7Fr Guide Extension Catheter : GEC
® When GEC is used, there is a friction at the site of collar Snare = GOOSE NECK Snare (2.3-3.0F)

Table 3 Prevention and bailout for burr entrapment

Prevention or bailout  Concept

Specific methods/comments

Prevention Risk assessment is of utmost importance for prevention of
perforation following RA

Prevention Do not inactivate the burr in the middle of the calcified
stenosis

Bailout

antegrade flow, calmly

Do not push the burr too much, just deliver the burr to the
lesion

Greater risk in lesions with an angulation

Be careful about rotational speed deceleration, sound of
ablation, and resistance during the burr manipulation

There is no diamond coating at the tail of the burr

Moderate stenosis at the proximal of the target can be a
cause of burr entrapment

It is important to assess the situation such as the presence of Do not activate the burr after burr entrapment

Bailout techniques are divided to single guide bailout or
double guide bailout

Contact cardiovascular surgeons immediately in case of
unsuccessful percutaneous bailout

This table was reproduced with permission from Sakakura et al. [34]
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Table 4 Difference between
single- and double-guide

Single guide system

Double guide system

systems in the bailout for the

Advantage
entrapped burr

Disadvantage

Does not require additional arterial puncture
Simpler procedures than double guide system

It may be difficult to manage coronary rupture fol-
lowing the burr retrieval

A 6 or 7-Fr system require the retrieval of the drive
shaft sheath

It is impossible to reuse the system after the
retrieval of the drive shaft sheath

Ping-pong technique can be
applicable to manage coro-
nary rupture following the
burr retrieval

It may be possible to reuse the
rotablator system after the
bailout

Require additional arterial
puncture under the full hep-
arization

The bailout using guide exten-
sion catheter require the
retrieval of the drive shaft
sheath

{ Pull the system gently without activating the burr ]

[ Burr entrapment ]

After successful retrieval, there is a
risk of coronary rupture. The

Unsuccess » Call surgeon
»

Prepare MCS

transection of the burr may happen
following forceful pull back. [

Advance workhorse GW (consider hydrophilic, polymer jacket GW. Maybe CTO-GW) ]

[ Single guide or double guide ? ]

Single 6Fr - 7Fr

Single 8Fr

Double guide

~—

v v

v

Cut DS and DSS, retrieve DSS [

DSS+MC (Except 2.8Fr MC)
DSS+GW+BC *

GW uncross

GW+MC - GW+BC *

J |

Approach from 2" GC ]

v v

DS+MC - DS+GW+BC * ] [

Consider retrieving DSS
if feel resistance

* See Table 2

v l v
Unsuccess
[ @ Dilate the balloon to the proximal segment of the burr (DS+GW+BC) ]7
[ Cut DS and DSS, retrieve DSS H Approach from 1t GC ]
v v

Snare to hold DS (DS+Snare)

Advance GEC to the just proximal of the burr, then pull back
May consider using Snare/Balloon (DS + snare, DS+BC+GW, DS+BC)

Balloon trapping within GC - GEC (DS+BC) , Only Kusabi is possible in 6Fr GEC

Unsuccess v

Surgical bailout
MCS support

L(
L

Check coronary injury
Continue PCI or finish

Coronary injur: "
v Inun Bailout for
coronary injury

Fig. 14 Flowchart for burr entrapment. DS, drive shaft; DSS, drive shaft sheath; GW, guidewire

systems is highlighted in the ping-pong technique when
massive perforation occurs following burr retrieval [46]. If
the Kokeshi phenomenon causes entrapment, advancing the
guidewire beyond the burr would be difficult. Guidewires
with hydrophilic coating or polymer jacket guidewires may
be useful; however, stiff guidewires for the penetration of
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CTO may be necessary to cross the entrapped burr [40].
Although microcatheters may be necessary to advance the
guidewire beyond the entrapped burr, operators should rec-
ognize that the 6 Fr or 7 Fr guide catheter cannot accom-
modate the drive shaft sheath and microcatheter simulta-
neously. Even if operators select single-guide system, it is
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recommended to cross the lesion using the workhorse guide-
wire from the same guide catheter because this guidewire
can be a lifeline when massive perforation occurs follow-
ing burr retrieval. In the single-guide system, the next step
depended on the size of the guide catheter (8 Fr or 7 Fr).
If operators use an 8 Fr guide system, the lesion is crossed
using the workhorse guidewire and then dilation of the
proximal segment can be attempted using a conventional
balloon. However, if operators use <7 Fr guide system, they
need to cut and pull the drive shaft sheath (Fig. 13) [37]
because <7 Fr guide catheter cannot accommodate the drive
shaft sheath, guidewire, and balloon catheter simultaneously.
Once the drive shaft sheath is removed, the operator can
advance the balloon to the proximal segment. Furthermore,
operators can advance GECs via the drive shaft after the
retrieval of the drive shaft sheath [39, 42, 43]. Another
option is to use a snare within the GEC to hold the drive
shaft, which may cause burr disconnection. It is important to
recognize that each size of guide catheter can accommodate
the drive shaft, microcatheters, balloon catheters, and snare
simultaneously, as shown in Table 2. However, Table 2 is
based on a bench test, which may differ from real clinical
practice. Therefore, the results of this bench tests do not
guarantee the successful insertion of each device. Larger
guide catheters often offer the advantage of simultaneous
accommodation.

During the bailout process, operators should recognize
the possibility of severe complications including massive
perforation and dissection following burr retrieval [47]. It is
critical to prepare for complications after burr retrieval. In
both the single- and double-guide systems, the workhorse
guidewire should be inserted deeply beyond the burr. Opera-
tors can insert perfusion balloons or covered stents via the
workhorse guidewire when massive perforation occurs after
burr retrieval. The prevention and bailout of burr entrapment
are summarized in Table 3 [34]. The differences between
the single- and double-guide systems are summarized in
Table 4. A detailed flowchart of the bailout process is shown
in Fig. 14.

Stent dislodgement

[Mechanism and incidence]

Stent dislodgement from the stent delivery system is a
relatively rare complication in currently used stents because
of improvements in the crimping force of the mounting bal-
loon, stent delivery performance, and stent delivery tech-
nique [3, 48, 49]. However, this is often caused by an attempt
to retrieve the stent when the stent fails to pass or becomes
stuck owing to severe calcification or bending of the coro-
nary artery. To prevent stent dislodgement, adequate lesion
preparation by sufficient dilation of the target lesion and

careful stent delivery (not forcing the stent into the target
lesion) is essential with clear understanding of moderate
stenosis, calcification, and bending toward the target lesion.
It is important to use GEC if necessary. It is also important
not to apply negative pressure to the mounted balloon until
the stent is delivered to the site of implantation.

Despite these precautions, stent dislodgement may occur.
In such cases, the outcome depends on whether the stent
is severely deformed and whether the guidewire remains
inside the stent. Therefore, the first step is to confirm these
two points and act as quickly as possible to avoid secondary
complications. Various interventional techniques must be
used to retrieve a stent trapped in a coronary artery [50]. It
is also important to consider whether a stent can be retrieved
during each step of the retrieval methods.

Management

It is recommended to use femoral arteries for stent retrieval.
This is because the femoral approach allows operators to use
a large-diameter guide catheter for retrieval. Retrieval in the
descending aorta would avoid stent migration into the head
and neck arteries [51]. If stent dislodgement occurs during
the radial artery approach, bailouts should be attempted only
if the stent is likely to be retrieved smoothly into the guide
catheter, because of the high risk of vascular injury.

In addition, if a thrombus develops around the dislodged
stent at the initial stage of stent dislodgement and causes
hemodynamic instability, or if the stent is severely deformed,
it may be difficult to perform percutaneous retrieval. In this
situation, surgical bailout is an alternative option. A flow-
chart of this process is shown in Fig. 15.

Stenting

If the stent is severely deformed and retrieval is considered
to be difficult, operators should insert a new guidewire to
pass beside the deformed stent and expand the balloon and
new stent at the site of stent dislodgement to seal the dis-
lodged stent. If there is no obvious stent deformation and the
guidewire is still inside the dislodged stent, it is an option
to dilate the dislodged stent at the site of stent dislodge-
ment. First, operators can attempt to insert a small balloon
like 1.5 mm X 10 mm into the dislodged stent. If successful,
operators should increase the balloon size to match the diam-
eter of the vessel at the implantation site. It should be noted
that the stent may move distally when the balloon is inserted
into the stent, and the final stenting site may be distal to the
dislodged site. If the stent can be moved during the insertion
of a small-diameter balloon, operators may consider moving
the stent into the desirable site.
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{ Stent dislodgement }
[ Retrieve ]
[ Guidewire is in a dislodged stent ]
Yes No ®new GW should be passed
A 4 A 4 beyond the dropout stent

( @ Small Balloon Method
L No STENT deformation

Success A
Attempt to pass GW D>
J A J

and a snare advanced

Unsuccess through the GW to attempt

stent retrieval

|
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' ~\ ' N\
: : & @ Snare Method » Crush
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v

<
' 4 Surgical procedure

o |f the possibility that transcatheter
retrieval may be difficult at the initial

stage of stent dropout is considered, the

Vv y
-
Implantation | @ Retrieval from the femoral artery
Crush Using En-snare or homemade snare
(Covered with a new stent) .
Bear hug technique
. . . * Be careful when using 6Fr GC
o No disadvantage of stenting at the site
of stent loss @ Retrieval from radial artery
® The stent is clearly deformed and must N
be considered difficult to retrieve e

@ Multi-wire method
* Basically, not recommended

A possibility of a surgical response should
always be considered considering all the
circumstances.

Fig. 15 Flowchart for stent dislodgement. Stenting: if there is no
obvious stent deformation, there is no significant disadvantage to
implanting the stent at the site of stent loss, and if the guidewire is
still inside the stent, stenting at the site of stent loss is an option.
The surgeon can attempt to insert a small balloon (balloon size
1.5 mmXx 10 mm) into the dislodged stent. If successful, the surgeon
should increase the balloon size to match the vessel diameter at the
implantation site. Stent retrieval. Small balloon method. The opera-
tor inserts a small-diameter balloon into the dislodged stent, dilates
the balloon at the proximal site, and retrieves it. Snare method. A
snare catheter can also be used to retrieve a dislodged stent through

Stent retrieval

Operators inserts a small-diameter balloon into the dislodged
stent, dilates the balloon at the proximal site, and retrieves it.
The balloon should be approximately 1.5 mm X 10-15 mm
and dilated at low pressure. Proximal rather than distal bal-
loon dilation is recommended, because a well-designed
bench test have shown that proximal dilation is more effec-
tive than distal dilation [52]. During proximal dilation,
approximately half of the balloon should cover the stent,
and the proximal edge of the stent should be in the center of
the balloon. When retracting the stent into the guide catheter,
it is necessary to confirm the coaxiality of the balloon and
guide catheter using fluoroscopy from multiple directions
and to fine-tune the position of the guide catheter (height
and direction).

@ Springer

the guidewire inside the stent using Medtronic Goose Neck Snares.
Small balloon/snare combination. If delivery of a snare is challeng-
ing, it can be mounted on a small-diameter balloon to reach the stent
site. Multi-wire method. Two additional guidewires are added out-
side the stent and advanced into another branch on its peripheral side.
Thereafter, the three guidewires are placed on a torquer and continu-
ously turned in the same direction. When the stent starts to rotate, it
should be moved proximally and retrieved while maintaining rotation.
This method is not recommended because of the possibility of stent
detachment from the multi-wire and low success rates

A snare catheter can also be used to retrieve a dislodged
stent through the guidewire inside the stent using the Goose
Neck Snare. The proximal portion of the stent is grasped and
slowly pulled back into the proximal portion of the coronary
artery. When pulling the stent into the guide catheter, it is
crucial to confirm coaxiality with the stent grasped with
snare using fluoroscopy in multiple directions and to fine-
tune the position of the guide catheter (height and direction).

When it is difficult to grip the proximal portion of the
stent with a snare and the center portion of the stent is
gripped, it is difficult to retrieve the stent into the guide
catheter. In this situation, when the stent is pulled closer to
the guide catheter, operators need to pull the system from
the coronary artery ostium to the ascending aorta. Then,
operators need to remove the guidewire and pull the snare
harder to create a T-shaped stent at the edge of the guide
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[ Pattern-1: When 1.5mm balloon leads : first, advance the balloon to the coronary J

sometimes snare can get stuck halfway. At that time, the loop is probably twisted.
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Once the Y-connector passes through, it smoothly advances to the coronary

Fig. 16 Small balloon with snare. Usually, a Goose Neck Snare is combined with a guidewire and a small-diameter balloon to facilitate reaching

the dislodged stent

catheter. The stent is folded in folio and retrieved into the
guiding catheter. This technique can be used for guide cath-
eters of 6 Fr or more, but some 6F guide catheters may have
difficulty retrieving the stent. It should be noted that the
stent can migrate into the head and neck vessels if the stent
is not sufficiently grasped at the time of retrieval. If it is
difficult to deliver the snare, it can be mounted on a small-
diameter balloon to reach the stent site (Fig. 16). Simultane-
ous insertion of a small-diameter balloon and snare system
is possible even with 6Fr guide catheter. In trans-radial
PCI, retrieval should be switched to the femoral artery if
the stent could not be retrieved into the guide catheter after
successful grasping with a snare. Retrieval from the radial
sheath with the exposed stent is not recommended due to the
high risk of vascular injury. For the transition to retrieval
from the femoral artery, the operator should insert a 0.025"
guidewire into the guide catheter, raise it to the origin of
the right brachiocephalic or left subclavian arteries, and
insert a 0.025" guidewire into the descending aorta to guide
the guide catheter and grasping the stent along it into the
descending aorta. If this procedure is difficult, induction by

grabbing and pulling a 0.025” guidewire with snare from
femoral should be considered. If a grasped stent is released
during this procedure, there is a risk of migration into the
arteries of the head and neck. Therefore, careful procedures
must be warranted. The EN Snare should be used to retrieval
via 8 Fr guide catheter from the femoral artery. If only the
stent and snare guidewire can be grabbed by the EN Snare
when retrieved from the femoral artery, the snare guidewire
can be retrieved from the femoral artery together with the
stent. If the microcatheters of the Goose Neck Snare are
grabbed together, the hub of the microcatheter should be
cut and retrieved from the femoral artery. If there is no EN
Snare, it is useful to make a Sumitsuji snare (homemade
snare; Fig. 17) and attempt to retrieve it [53].
Multi-guidewire approach: The operator adds two guide-
wires outside the stent. Both guidewires are advanced to
another branch beyond the stent, and three guidewires are
placed in one torquer and turned in the same direction. When
the stent begins to rotate, it would be moved to the proximal
portion while maintaining rotation. When retracting into the
guide catheter, it is essential to confirm the coaxiality between
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Homemade snare (Sumitsuji snare)

Gc_\

Fig. 177 Homemade snare (Sumitsuji snare). Use GECs and balloons
larger than 2 mm. A The normal-use wire is folded 20 mm from the
tip of the monorail balloon as a reverse wire. The balloon diameter
should be selected to ensure sufficient crimping of the guiding cath-
eter during extension. B The tips of the folded wire and balloon are
advanced close to the tip of the guiding extension catheter. CThe
reverse portion of the wire is fixed. After balloon dilation, a snare
loop is created by pushing the wire forward through the balloon

the stent and guide catheter using fluoroscopy in multiple
directions and to fine-tune the position of the guide catheter
(height and direction). Operators should maintain rotation
until the stent is entirely pulled into the guide catheter and
then remove the entire system with the guide catheter, tak-
ing care not to inject the stent from the guide catheter. This
method has several drawbacks including the entrapment of
previously deployed stent and the possibility of losing the
original guidewire. Additionally, rotation must be maintained
when pulling the stent into the guide catheter, and the stent
may be released from multiple guidewires in the ascending
aorta during the pull-in phase. Therefore, this method is not
recommended considering the low success rate and the risk
of stent migration. If there is no obvious deformation in the
dislodged stent and the guidewire is not inside the stent, the
operator can attempt to insert the guidewire into the dislodged
stent. If it is difficult to insert the guidewire into the stent,
the guidewire should be advanced beside the dislodged and
another stent can be inflated to fix the dislodged stent. If the
site of dislodged stent is unacceptable to add another stent,
attempts should be made to retrieve the dislodged stent. In
this case, the guidewire is advanced beyond the dislodged
stent, and the snare can be advanced through the guidewire to
retrieve the dislodged stent using the method described above.

Undeflatable balloon

Undeflatable balloon is a rare but serious complication in
PCI. Undeflatable balloon occludes the coronary artery
completely, which results in critical ischemia. Therefore,
undeflatable balloon requires emergent bailout.
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[Mechanism]

Causes include mechanical obstruction, kinking of the
shaft, closure of the lumen that supplies fluid into balloon,
and obstruction of the lumen by foreign objects or solids
such as crystallized contrast media [54]. In particular, the
balloon shaft is over-stretched or the inflation lumen is
narrowed, when the balloon catheter is pulled hard before
balloon is deflated or when the protective sheath is pulled
out roughly. In addition, twisting of the balloon during the
rewrapping process by turning or forcing the protective
sheath may narrow the inflation lumen. This may result in
a check-valve condition that would make deflation difficult.

[Management]

A management flowchart is shown in Fig. 18. Leak-
age and damage in the indeflator and three-way stopcock
should be evaluated. If damage is detected, the inflation
system should be replaced with a new system. Subse-
quently, negative pressure is applied. To apply stronger
negative pressure, it is considered to use two indeflators
connected to each other. A 30 cc back-locking syringe
is also considered. If a back-locking syringe is unavail-
able, a 10 cc syringe is inserted into the push-piece of the
30 cc syringe to maintain negative pressure. The contrast
medium in the indeflator is changed to saline, and saline
solution is slowly injected into the balloon. Decreasing the
viscosity of the fluid by diluting it with saline may aid bal-
loon deflation, because the negative pressure required to
remove a less viscous fluid is smaller than that required to
remove a higher-viscosity fluid. However, excessive nega-
tive pressure should be avoided, because excessive nega-
tive pressure may cause rupture in the balloon shaft. If the
balloon shaft is cut at the most proximal end, the contrast
agent may drain slowly and spontaneously. However, it is
impossible to inflate the balloon after this procedure.

Attempt to retrieve the entrapped balloon

If the trapped balloon is around the proximal site of coro-
nary artery, manual traction can be tried after the guide
catheter is gently inserted deep into the coronary artery to
avoid damage to the coronary artery by the tip of guide
catheter. If the trapped balloon is located at the distal site
of coronary artery, manual traction can be tried after cut-
ting the balloon hub and inserting the GEC via the bal-
loon shaft into the coronary artery. Excessive traction may
cause coronary artery injury and stretching or tearing of
the balloon shafts. If the balloon is successfully removed
from the coronary artery, it is important to pull the bal-
loon into the peripheral artery. It is safer to continue the
procedure in peripheral arteries than in coronary arteries.
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Fig. 18 Flowchart for undeflatable balloon. The tip of the Heartrail 1T
5 Fr STO1 catheter (Terumo) is cut to expose the blade and inserted
into the guiding catheter as a pediatric catheter. The catheter is placed
close to the balloon, and its tip is pressed against the balloon to burst

Bursting the entrapped balloon

It is an option to burst the balloon using a child catheter
[55]. The tip of the child’s catheter is cut approximately
5 mm from the distal end. The purpose of cutting is not
to sharpen the tip of the catheter, but to expose the blades
in child catheters. The balloon burst is supposed to occur
when exposed blades attach the tail of balloon. Therefore,
the more exposed blades would result in greater success of
this technique. The 5 Fr STO1 (Terumo, Tokyo, Japan) is
strongly recommended as a child catheter for this technique
because of braided blades. The child catheter is inserted
into the mother catheter by covering the balloon shaft and
guidewire while anchoring the system with entrapped bal-
loon. If the balloon is located distally, the child catheter may
not reach the balloon. The Y-connector should be replaced
with a short-type hemostasis valve in advance. If the balloon
could not be ruptured by pressing the cut child’s catheter, the
catheter can be rotated slightly. GECs are often ineffective
because they do not provide a sufficient push force or rota-
tional manipulation. In addition, inserting a child catheter

fail

it. If the balloon is located distally, the catheter may be unable to
reach it. Thus, the Y-connector should be replaced with a short hemo-
stasis valve in advance. If the balloon cannot be ruptured by pressing
the cut child’s catheter, the catheter is rotated slightly

with a cut tip into the coronary artery increases the risk of
vascular injury. If the balloon is positioned at the proximal
site of coronary artery, the guide catheter can be inserted
deeply. However, if the balloon is positioned at the distal
site of coronary artery, the tip of the catheter cannot be pro-
tected by the guiding catheter, which requires more careful
manipulation.

Another option is to perforate the balloon using the
opposite side of the guidewire or stiff guidewires used in
CTO PCI. Although there have been several successful
case reports [54, 56-58], this method is not recommended
because of its low success rate and the risk of vascular
injury. Although stiff guidewires have good visibility under
fluoroscopy, it often slips when the guidewire hits the
occluded balloon. Therefore, stiff guidewires cannot punc-
ture the occluded balloon. The opposite side (the tail) of the
guidewire is not visible on fluoroscopy. Therefore, neither
method is recommended because of the high risk of vascu-
lar injury. Another option is to apply a pressure beyond the
rated burst pressure and to burst the occluded balloon. This
method is not recommended because it may cause vascular

@ Springer



T.Ogawa et al.

injury or unexpected rupture of the shaft proximal to the
occlusion rather than the balloon portion.

If the balloon can be pulled into peripheral arteries but
is difficult to retrieve from the sheath, breaking the balloon
with a 23 G needle has been reported [59]. Percutaneous
puncture can easily be performed by palpating the balloon or
using fluoroscopy. Although puncturing the balloon catheter
alone may be sufficient to remove it from the sheath, aspirat-
ing the contrast medium from the balloon using a syringe at
the time of puncture may be beneficial because it promotes
deflation. Since these bursting balloon procedures carry the
risk of vascular injury, covered stents should always be pre-
pared in catheter rooms. If the above techniques are unsuc-
cessful, it is important to request surgical removal immedi-
ately [60].

Summary

Bailout methods for various complications described in this
consensus document are based on taskforce members’ expe-
riences, discussions, bench tests, and published literatures
[3, 4, 32, 33, 48, 59, 61]. Among many bailout methods,
it is difficult to recommend all these options, considering
their effectiveness and reliability. Therefore, we do not rec-
ommend complex or unreliable strategies but recommended
simple and reliable strategies, which are easy to understand
and easy to perform even for inexperienced operators. In
emergent situations, the contents of this document may not
completely be applicable to real clinical practice, but can be
a useful reference in real clinical practice. Furthermore, the
recommended methods have the risk of unsuccessful bailout
and subsequent complications. It is important for readers to
understand that some recommended methods refer to unu-
sual use or off-label use of devices.

PCI is the minimally invasive procedure with relatively
low complication rate. However, once complications occur,
operators must manage complications appropriately. Com-
plication management requires preparation before PCI,
early detection, emergent response, knowledge of bailout
techniques, team-based communication, and multidiscipli-
nary collaboration. This consensus document is expected to
help operators to improve procedural outcomes in PCI with
complications.
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