SPECIAL FOCUS

Complications of chronic total occlusion
percutaneous coronary intervention

Percutaneous coronary intervention (PCl) of chronic total occlusions (CTOs) is technically challenging.
CTOs are common in patients referred for coronary angiography. CTO PCl is typically reserved for patients
with refractory angina who have failed medical therapy. Successful recanalization of CTOs approaches
>80% . Techniques and devices continue to optimize percutaneous treatment of CTOs. Major complications
are rare in CTO PCl. However, a distinctive set of cardiac (e.g., coronary perforation, dissection and cardiac
tamponade) and extracardiac (e.g., radiation injury) complications are associated with CTO PCI. CTO
operators should be aware of the available strategies for prevention and management of CTO PCl-related

complications.
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Chronic total occlusions (CTOs) are typically
characterized by thrombolysis in myocardial
infarction (TIMI) grade 0 (i.e., complete) or
TIMI grade 1 flow in a coronary artery for a
minimum of 3 months [1,2]. However, TIMI
grade 2 or 3 flow to the distal vessel can occur in
CTOs with large bridging collaterals. The true
prevalence of CTOs remains unknown, as most
patients are asymptomatic. However, CTOs are
common and observed in up to 25% of patients
undergoing angiography [3]. Percutaneous coro-
nary intervention (PCI) of CTOs is most com-
monly performed in patients with refractory
stable or progressive angina, despite optimal
medical therapy. Revascularization of CTOs
are challenging, namely owing to the marked
anatomic and lesion variability that respresent
the hallmark of CTOs and the variety of tech-
niques and devices required for recanalization.
The rates of successful recanalization of CTOs
continue to improve and are 80% in contem-
porary practice at centers with higher CTO
PCI volumes [4:5]. Advances in techniques and
devices to treat CTOs have also reduced the
rate of complications, where the rate of a major
complications (death, emergent coronary artery
bypass graft and stroke) is as low as 0.5% Is].
Regardless, operators should be aware of the
complications that are more common in per-
forming CTO PCI and include both cardiac
(coronary and noncoronary) and extracardiac
complications (Ficure 1). In this review, the
authors discuss the complications of CTO
revascularization and strategies for prevention
and treatment.
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Cardiac complications: coronary

m Coronary perforation

For most operators, coronary perforation is a
dreaded complication of CTO PCI, given the
potential to cause a hemorrhagic pericardial
effusion and/or cardiac tamponade requiring
emergent pericardiocentesis or cardiac surgery.
The estimated incidence of coronary perfora-
tion is 2.9% (95% CI: 2.3-3.6), but observed
rates are as high as 11.9% in the literature [s].
By comparison, the incidence of coronary per-
foration in non-CTO PCI is 0.2% [6]. Car-
diac tamponade occurs in approximately 10%
of patients with a coronary perforation (pooled
overall incidence rate: 0.3%; 95% CI: 0.2—0.5)
5]. Thus, the majority of coronary perforations
are self-limited and can be managed without pro-
gression to tamponade. Coronary perforations are
classified according to the Ellis Criteria (Tasie 1)
(7). Rates of coronary perforation and tamponade
are higher in unsuccessful PCI attempts com-
pared with successful recanalization of CTOs
(perforation: 10.7 vs 4.7%; p < 0.0001; tam-
ponade: 1.7 vs 0%; p < 0.0001) [s]. The rate
of coronary perforation is higher using a retro-
grade approach compared with an antegrade
approach (4.7 vs 2.1%; p = 0.04), but rates of
cardiac tamponade are similar between the two
approaches [8]. Importantly, the mechanisms and
subsequent management of coronary perfora-
tions depend on vessel location. Perforations are
categorized according to three main coronary
vessel locations: main target vessel (i.e., at or
near the CTO), distal target vessel and donor
collateral vessel.
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Figure 1. Complications of percutaneous coronary intervention of chronic total occlusions.
CIN: Contrast-induced nephropathy; CTO: Chronic total occlusion; MI: Myocardial infarction;

PCI: Percutaneous coronary intervention.

Main target-vessel coronary perforation can
occur with either the antegrade or retrograde
percutaneous approaches. Contrary to belief,
guidewire perforations alone via wire escalation
or dissection and re-entry techniques are typi-
cally self-limited and rarely lead to a hemorrhagic
pericardial effusion and/or cardiac tamponade.
However, if a balloon or device (e.g., stent) is
advanced into the pericardial space after guide-
wire perforation, then the risk for hemorrhagic
pericardial effusion and cardiac tamponade
increases owing to manual expansion of the cor-
onary perforation. Contrast extravasation may
not be readily apparent until balloon inflation
and/or stent deployment. It is also important to
recognize that oversized balloons or stents can
lead to main target-vessel coronary perforation.

The initial step in management of any main
target-vessel coronary perforation is to position
a balloon proximal to the area of contrast extra-
vasation and occlude the perforation with bal-
loon inflation. Prolonged balloon inflations may
be required to achieve hemostasis. If bleeding
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persists despite balloon occlusion, then a covered
stent (e.g., JOSTENT Graftmaster, Abbott Vas-
cular, CA, USA; Symbiot stent, Boston Scientific
Corp., MA, USA; Over and Under stent, IGTT
Medical, Or Akiva, Israel) should be placed [9.10].
Type III (Taeee 1) coronary perforations (i.e., con-
trast-streaming or cavity-spilling) usually result
in cardiac tamponade, and a covered stent
should be implanted for this type of perfora-
tion [11]. The most efficient method to minimize
bleeding in patients requiring a covered stent is
to use a ping-pong catheter (i.e., dual catheter)
technique [9.12]. With this technique, a second
guide catheter is advanced near the coronary
ostium next to the first guide catheter that is
currently engaged with the balloon occluding
the perforation [12]. While maintaining balloon
occlusion, the first guide catheter is disengaged,
then a second guide catheter is advanced to the
coronary ostium and covered stent is positioned
proximal to the occluding balloon [12]. Rapidly,
the occluding balloon is deflated and withdrawn
proximally, then a covered stent is advanced and
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deployed to fully cover the perforated site [12].
Prior to removing any equipment, adequate
sealing of the coronary perforation should be
verified [12].

Distal target-vessel perforation typically
occurs after crossing the CTO using an ante-
grade approach. One reason dual injection is
essential for CTO PCl is the ability to delineate
the natural course of the target vessel and identify
branches beyond the distal cap of the CTO 4].
After crossing a CTO either through wire esca-
lation or dissection and re-entry, advancement
of the guidewire distally can lead to coronary
vessel perforation. This scenario occurs more
often when the guidewire is advanced into a
smaller branch of the distal target vessel. Impor-
tantly, exchanging the stiffer, polymer-jacketed
and/or tapered guidewires for workhorse wires
immediately after crossing the CTO lesion and
re-entering the true lumen can minimize the
risk for distal target-vessel perforation. Distal
target-vessel perforation can be less angiographi-
cally apparent than main target-vessel perfora-
tion, thus it is critical that operators pay careful
attention to the distal guidewire position during
CTO PCI. Operators should also consider guide-
wire trapping for distal wire protection during
PCI of CTOs [9].

The initial step in managing a distal target-
vessel perforation is to use balloon occlusion
proximal to the coronary perforation. In addi-
tion, a microcatheter can be advanced into the
distal target vessel and aspirated via suction to
collapse the vessel [9.13]. The technique may
enhance hemostasis and prevent the need for
embolization. However, if bleeding persists,
embolization is typically required using coils,
vascular plugs, thrombus, subcutaneous fat or
fibrin glue [9.14-17).

Unique to retrograde CTO PCI is the risk
for donor collateral-vessel perforation. However,
progression to cardiac tamponade following a
donor collateral-vessel perforation depends on
the location of the collateral vessel (i.e., septal
vs epicardial). Collateral-vessel perforation nor-
mally occurs owing to advancing the guidewire

Perforation type  Description

and/or devices when attempting to reach the
distal cap of the CTO. To facilitate passage to
the target vessel, some operators may dilate the
collateral vessels, which can also lead to coronary
vessel perforation.

Septal collateral-vessel perforation carries a
unique set of downstream consequences. How-
ever, cardiac tamponade rarely occurs [9.18].
Guidewire perforation of a septal collateral com-
monly results in bleeding into interventricular
septum (i.e., septal wall hematoma) and not
the pericardial space and is typically a benign
event. It is also possible to perforate a septal col-
lateral coronary vessel into any cardiac chamber,
including the coronary sinus; however, this also
rarely leads to any adverse clinical consequence
(9.19]. Septal wall hematomas are easily identified
on echocardiography (i.e., echo-free space) and
usually asymptomatic, but can result in chest
discomfort and rarely heart block depending on
its size and location [9,20,21]. Rarely, a septal wall
hematoma can progress to a septal wall rupture
requiring percutaneous or surgical treatment
(22]. Left ventricular outflow tract obstruction
has also been observed in unique situations of
septal wall hematomas and may require surgical
intervention.

Epicardial collateral perforation carries a higher
risk of hemorrhagic pericardial effusion and car-
diac tamponade compared with septal collaterals
(9). Bleeding from an epicardial collateral perfora-
tion can be difficult to control due to the limited
options available for management. Thus, only
experienced retrograde CTO operators should
attempt recanalization through an epicardial
collateral vessel. During CTO PCI, dilation of
an epicardial collateral vessel is strongly discour-
aged and should be avoided [4]. The key aspect
in epicardial collateral perforation is to recognize
that epicardial collaterals will have access to blood
flow from both the antegrade and retrograde
sources. If an epicardial collateral-vessel perfora-
tion is noticed, one initial measure is to balloon
occlude either the perforated epicardial collateral
or its donor vessel. Then, the perforation should
be approached both antegrade and retrograde,

Type | Extraluminal crater without myocardial blush, extravasation or evidence of
dissection

Type ll Myocardial or pericardial blush without extravasation

Type lll Extravasation through a =1 mm perforation

Type Ill: cavity spilling Perforation and extravasation into an anatomic cavity chamber

Adapted with permission from [7].
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with an attempt to achieve hemostasis using
microcatheters with suction to collapse the per-
forated vessel and/or embolization (e.g., coils) [9].
Unfortunately, this approach presupposes that the
CTO has been recanalized and the perforated ves-
sel can be approached from both sides. If bleeding
continues despite these measures, cardiac surgery
may be required.

In general, operators should be aware of the
natural history of coronary perforation in CTO
PCI. Complications resulting from a perfora-
tion may not manifest for hours to days after
PCI. Thus, the threshold for prompt evaluation
of any cardiac or atypical symptoms is essen-
tial following CTO PCI. Anticoagulation with
unfractionated heparin may be considered over
bivalirudin, given the ability to reverse the anti-
coagulant effects of heparin with protamine in
the setting of a coronary perforation [49]. Rou-
tine use of glycoprotein IIb/IIla inhibitors is
also not advised during CTO PCI and should
be avoided. Wire and other microperforations
that are not identifiable on angiography may
manifest with the administration of glyco-
protein IIb/IIIa inhibitors. It is critical that all
catheterization centers performing CTO PCI
have emergency equipment immediately avail-
able to treat a perforated coronary vessel, which
includes a pericardiocentesis kit, varying sizes
of covered stents, embolization equipment and
a 2D echocardiography machine. Intravenous
fluids and or vasoactive agents should be admin-
istered rapidly for hypotension and suspected
coronary perforation. In this setting, the patient
should also undergo immediate evaluation for
pericardial effusion and meticulous review of the
coronary angiogram. The decision to perform
emergent pericardiocentesis should be dictated
based on the patient’s hemodynamics. In certain
patients, a hemorrhagic effusion may be focal
(e.g., prior coronary artery bypass graft) and
can potentially self-tamponade the perforation.
Unfortunately, postcoronary artery bypass graft
patients may also develop focal tamponade of
the right or left atrium that is not amenable to
pericardiocentesis and require surgical interven-
tion. The steps described previously to ensure
hemostasis are essential to the management of
coronary perforation. Finally, cardiac surgery
should be notified of any patient with a coronary
perforation requiring percutaneous intervention.

B Stent/guidewire/device entrapment
or loss

An additional coronary complication in CTO
PCl is the entrapment or loss of any equipment
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required for CTO recanalization includ-
ing stents, guidewires and other devices. The
incidence of equipment entrapment or loss is
unknown but considered a very rare complica-
tion [9.23,24]. The risk for entrapment or device
loss increases in CTO PCI owing to the lesion
complexity, extent of calcification, vessel tor-
tuosity and techniques required for recanali-
zation. During a retrograde approach, balloon
and/or stent delivery can lead to entrapment or
stent embolization [23). In addition, any attempt
to cross the CTO poses a risk for equipment
entrapment and potential for embolization
down the distal target vessel. This complication
can lead to vessel injury and/or acute donor-
vessel closure when attempting to mitigate a
solution. Retrieval should be pursued in all
cases of equipment loss. Any equipment that is
embolized and not retrievable should be crushed
against the coronary vessel wall via a series of
balloon inflations and stent deployment [9,23,24].
Intravascular imaging with intravascular ultra-
sound or optical coherence tomography should
be used to ensure that the crushed equipment
is not exposed anywhere in the coronary ves-
sel [9.24]. In addition, guidewire fracture may
also occur during CTO PCI. In this instance,
retrieval should be attempted, but rarely leads
to any clinical sequelae.

B Donor-vessel injury: dissection

& acute closure

During retrograde CTO PCI, nontarget donor-
vessel injury (e.g., dissection or thrombosis)
with or without acute closure can occur as
attempts are made to advance guidewires
and/or devices to the distal cap of the CTO.
The aggressive guide catheters that are required
to support retrograde CTO PCI can dissect
the proximal donor vessel. This risk may be
higher as equipment is withdrawn, which can
suddenly cause ‘deep seating’ of the guide
catheter [9]. The incidence of coronary dissec-
tion during retrograde PCI ranges from 0.5
to 10% and is significantly higher in unsuc-
cessful versus successful attempts (10 vs 3.1%)
(25-28]. The downstream consequences of coro-
nary dissection largely rest on the amount of
myocardium supplied and the severity of the
dissection. Management (i.e., stenting vs con-
servative management) of any nontarget-vessel
dissection will be dictated based on its loca-
tion and downstream clinical consequences.
It is also important to note that acute vessel
closure of the donor vessel may occur without

dissection (e.g., thrombosis). In CTO PCI,
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vessel thrombosis is rare but the risk may be
higher compared with non-CTO PCI, due to
the prolonged coronary guidewire intubation
times required for recanalization [9]. Collateral
vessels are particularly susceptible to dissection
and thrombosis during retrograde attempts.
Prevention of donor-vessel injury is essential
during retrograde CTO PCI. It is important
to pay careful attention to guide catheter posi-
tion, especially during guidewire or device
withdrawal. Guide catheters without side holes
should be used to avoid masking any pressure
dampening that may occur with donor-vessel
injury [9]. Importantly, contrast should not be
injected in the setting of pressure dampening,
which can increase the risk for coronary dis-
section. With any CTO PCI, activated clot-
ting times should be closely monitored and
maintained above 350 s to minimize risk for
thrombosis. Donor-vessel thrombosis can be a
catastrophic event with compromise of mul-
tiple myocardial territories. Prevention and
rapid identification are the keys to successful
management of this potential complication.

B Target-vessel injury: side-branch
occlusion & target-vessel
dissection/thrombosis

In any attempt to recanalize a CTO, there is
a risk of target-vessel injury both proximal
and distal to the CTO lesion. Side branches
at or near the CTO are common and observed
in 16=79% of CTO lesions [25,26.29]. In one
study, side-branch compromise occurred in
22% of patients, and the rate of side-branch
occlusion was significantly higher in success-
ful CTO procedures compared with unsuccess-
ful attempts (4.4 vs 0.88%; p = 0.008) [25].
Side-branch occlusion is particularly common
during dissection and re-entry techniques,
but also may occur during stent deployment
after successfully crossing the CTO. Given
the risk for periprocedural myocardial infarc-
tion (MI) with side-branch compromise, it is
critical that attempts are made to reduce its
occurrence. Dual injection of the target and
contralateral donor vessels is mandatory in all
CTO PClIs to allow for visualization of any
side branches associated with the CTO lesion
(4]. With any dissection and re-entry tech-
nique, the subintimal dissection length should
be minimized by re-entering the true lumen
as soon as possible after successfully crossing
the lesion. Distal target-vessel dissection can
arise from long subintimal dissection planes,
where wire position is unknown or proximal
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re-entry was unsuccessful. Dissection and re-
entry techniques can also result in a subinti-
mal hematoma, which can expand and lead to
side-branch or distal vessel compromise. The
retrograde approach should be considered in
patients with appropriate collateral vessels and
large side branches located at or near the distal
cap of the CTO. The subintimal tracking and
re-entry technique establishes early proximal
subintimal wire position, then a dissection
plane is advanced into the distal artery [30]. Re-
entry into the true lumen is attempted at a dis-
tal entry site, typically at or near a target-vessel
side branch 30]. Thus, there is a risk for per-
manent side-branch occlusion and distal target-
vessel injury with the subintimal tracking and
re-entry technique. Importantly, specialized
techniques (e.g., limited antegrade subintimal
tracking [LAST] technique) and crossing/re-
entry devices (CrossBoss™ catheter and Sting-
ray” balloon/guidewire system; Boston Scien-
tific, MN, USA) should be utilized to facili-
tate successful crossing and lessen the risk for
side-branch occlusion. With the crossing and
re-entry device system, over a third of CTOs
can be crossed via the true lumen using the
CrossBoss catheter without a subintimal dissec-
tion (31]. If subintimal tracking occurs with the
CrossBoss catheter, then a controlled dissec-
tion plane is only extended to the angiographic
true lumen and re-entry is attempted into the
main target vessel using a re-entry device (i.e.,
Stingray balloon/guidewire system) (31]. Intra-
vascular imaging with intravascular ultrasound
and optical coherence tomography can mini-
mize target-vessel complications by enhanced
subintimal wire tracking [32]. Another simple
strategy to avoid inadvertently expanding the
antegrade subintimal dissection with contrast
injection is to disconnect the control syringe.

Target-vessel thrombosis is a rare and avoid-
able complication of CTO PCI that is typi-
cally due to catheter injection of thrombus.
As dissection planes are created, long periods
of time may occur when antegrade injections
are avoided and thrombus may form within
the guide catheter. Prior to contrast injections
through the antegrade guide, complete clearing
of the guide should be done to avoid thrombus
injection.

Other cardiac complications

B Aortic dissection

As mentioned previously, stiff and/or aggres-
sively shaped guide catheters are often required
to support CTO PCI, which can increase the
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risk of aortic injury. The incidence of aortic
dissection in CTO PCI is low (<1%) [25]. His-
torically, iatrogenic aortic dissection is associ-
ated with high mortality rates (~35%) and MI
(15%) (33]. However, the clinical presentation
of iatrogenic aortic dissection can be insidi-
ous. Patients will not present with the ‘classical’
symptoms associated with spontaneous aortic
dissection [33]. Instead, ‘atypical’ symptoms or
the absence (25%) of chest discomfort is com-
mon, and hemodynamic compromise occurs
in approximately one-quarter of patients [33].
It is important to consider aortic dissection in
any patient with sudden hemodynamic collapse
and/or ischemia during CTO PCI. Meticulous
attention to guide catheter position can mini-
mize the risk of aortic dissection. Operators
should never inject contrast into any guide
catheter with a dampened pressure waveform
[9]. If an aortic dissection occurs and is located
at or within the vicinity of the coronary ostium,
operators should consider immediately stent-
ing the coronary vessel at the aorto-ostium to
minimize the risk that the dissection plane
will compromise the coronary vasculature
(9.34]. All iatrogenic aortic dissections should
be imaged with transesophageal echocardiog-
raphy or computed tomography to determine
subsequent management (i.e., conservative
vs emergent endovascular or surgical repair).
Close monitoring, serial noninvasive imaging
and early consultation with cardiac surgery is
critical for the management of iatrogenic aor-
tic dissection. Aortic insufficiency is another
potential complication of aortic dissection and,
depending on its severity, may require surgery
or close monitoring with serial transthoracic
echocardiography.

W Periprocedural Ml

In CTO PCI, periprocedural MI can occur
from any of the coronary complications dis-
cussed previously and is one of the most com-
mon procedural complications [5]. Approxi-
mately 2.5% (95% CI: 1.9-3.0) of patients
undergoing CTO PCI will experience an
MI; however, the majority of Mls are not
ST-elevation MIs (0.2%; 95% CI: 0.1-0.3) [5].
The rate of periprocedural MI varies widely
between studies (0-19.4%), largely owing to
practice variability in routinely measuring car-
diac biomarkers following PCI [5]. The rates of
periprocedural MI are similar between ante-
grade and retrograde approaches, as well as in
successful versus unsuccessful PCI attempts [s).
In addition, acute stent thrombosis is a rare
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procedural complication of CTO PCI (0.3%;
95% CI: 0.1-0.5) and cause of in-hospital
MI [s]. The long-term clinical consequences
of periprocedural MI in CTO patients is less
understood. Despite a reduction in overall mor-
tality, recanalization of CTOs is not associated
with a lower long-term risk of MI [3s]. As part
of secondary prevention, all patients should
receive dual antiplatelet therapy for a minimum

of 12 months following CTO PCI [3¢].

Extracardiac complications

B Contrast-induced nephropathy
Following PCI, contrast-induced nephropathy
(CIN) is a major cause of morbidity and mor-
tality and occurs in approximately 10-15% of
patients [5.37-39]. In CTO PCI, rates of CIN
range from 2.4 to 18.1% with a pooled estimate
of 3.8% (95% CI: 2.4-5.3) [5]. However, CIN
is only reported in 20% of studies published
on CTO PCI complications, thus the estimate
is likely underestimated [5]. One concern with
CTO PCl is the risk for CIN with the admin-
istration of higher volumes of contrast com-
pared with non-CTO PCI. However, limited
evidence exists to support this notion. Regard-
less, renal function should be assessed in all
patients undergoing CTO PCI by measuring
the estimated glomerular filtration rate [4o0].
In addition, the risk for CIN can be further
assessed using a risk prediction rule [39,101].
Prevention of CIN is important in all patients
undergoing PCI; however, the best preventa-
tive treatment strategy remains controversial.
Despite initial enthusiasm, studies on the effi-
cacy of N-acetylcysteine or sodium bicarbon-
ate for preventing CIN are inconclusive [41,42].
Recently, the POSEIDON trial was presented
and demonstrated that hydration using left
ventricular end-diastolic pressure-guided
hydration reduced the rate of CIN by 59%
compared with standard hydration (absolute
risk difference: 9.5%; number needed to treat
of 11 to prevent one case of CIN) [43]. The
median volume of hydration in POSEIDON
was significantly higher in the left ventricu-
lar end-diastolic pressure-guided group com-
pared with standard therapy (1711 vs 807 ml;
p < 0.001), which suggests that higher volumes
of hydration with normal saline can reduce the
rates of CIN [43].

As experience with CTO PCI grows, the
need for higher volumes of contrast should
decrease. Repeated contrast injections, espe-
cially through the antegrade guide, become
unnecessary and frequently are deleterious.
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Retrograde procedures typically require less
contrast. Therefore, in a patient with antegrade
and retrograde options for CTO PCI and renal
insufficiency, the retrograde approach may be

preferred.

W Radiation injury

CTO PCI requires longer fluoroscopy times
compared with non-CTO PCI [44]. In a recent
meta-analysis, radiation injury was reported in
three cases out of 2857 patients, but is infre-
quently reported in studies of CTO PCI [s].
The risk of radiation injury is dose-dependent,
and there is a wide variability in the radiation
dose ranges with different operators and insti-
tutions [44,45]. In all cases of CTO PCI, careful
attention to the fluoroscopy time and radiation
dose is necessary. Any patient with an exposure
dose of >5 Gy can cause radiation skin injury,
while doses of >10 Gy may cause significant
injury [4]. Patients who do receive more than
5 Gy should be evaluated in 2—4 weeks for
radiation skin injury and followed for a mini-
mum of 1 year. As shown in Box1, all operators
should take steps to minimize radiation expo-
sure during CTO PCI [46]. The combination of
a change from 15 to 7.5 frames/s and change in
field size from 7 to 10 inches can significantly
reduce radiation exposure.

W Vascular complications

Vascular complications occur in an estimated
0.6% (95% CI: 0.3-0.9) of patients undergoing
CTO PCI fs). As the safety of PCI has evolved,
rates of groin complications have surpassed isch-
emic complications [47]. Radial access is associated
with a lower risk of bleeding and adverse cardiac
events compared with femoral access [48]. How-
ever, radial access can prolong procedural times,
increase radiation doses and provide less guide
support during CTO PCI. It is important that
operators evaluate prior iliofemoral angiograms
to select the safest and most efficacious approach
for vascular access. Bifemoral, femoral-radial, or
biradial access can be utilized for dual injection
during CTO PCI, and should be individualized
for each patient based on operator experience.
For femoral access cases, operators should use
fluoroscopy and/or ultrasound o facilitate access.
Use of a micropuncture needle with direct visu-
alization under fluoroscopy can optimize needle
placement in relation to the femoral head. All
patients should undergo femoral angiography
after sheath placement, preferably with a smaller
sheath that can be upsized if optimal access site
entry is confirmed.
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Minimize exposure to patient & operator
Utilize radiation only when necessary
Minimize use of cine
Minimize use of steep angles
Minimize use of magnification modes
Minimize frame rate of fluoroscopy and cine (<15 frames/s)
Keep the image receptor close to the patient
Utilize collimation
Monitor radiation dose real time
Minimize exposure to operator
Use appropriate protective garments
Maximize distance from x-ray source
Keep shields in optimal position at all times
Keep all body parts out of the field of view at all times
Minimize exposure to patient
Keep table height as high as possible
Vary the beam angle to reduce repeated skin exposure of one area
Keep all extremities out of the radiation beam
Adapted with permission from [46].

Conclusion

CTO PCI is technically challenging for inter-
ventional cardiologists. The percutaneous strate-
gies used to treat CTOs continue to evolve and
the success rates for successful recanalization
are improving. As CTO PCI gains adoption, it
is crucial that CTO operators are aware of the
unique set of complications associated with CTO
revascularization. Prevention and management of
CTO PCI complications is critical. Knowledge of
the equipment and options available for manage-
ment of CTO PCl-related complications will pro-
vide operators with the necessary skills required
for safe percutaneous treatment of CTOs.

Future perspective

Significant innovations in equipment and device
technology will continue to emerge for PCI of
CTOs. Each step forward in the techniques and
devices used for the percutaneous treatment of
CTOs will improve the rate of successful recana-
lization and minimize the risk for complications.
With these advances, pivotal trials will be con-
ducted to determine the efficacy of CTO PCI

compared with optimal medical therapy.
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Executive summary

therapy.

retrograde embolization.

catheters/wires/devices.

distal target-vessel injury.

= Chronic total occlusions (CTOs) are characterized by thrombolysis in myocardial infarction grade 0-1 flow for a minimum of 3 months
and are observed in up to 25% of patients undergoing angiography.
= Percutaneous coronary intervention (PCl) of CTOs is commonly performed in patients with refractory angina who have failed medical

= Successful recanalization of CTOs is >80% in contemporary practice and the rate of major complications is approximately 0.5%.
= CTO PCl has a unique set of cardiac and extracardiac complications.
= Coronary perforation occurs in approximately 2.9% of patients and rarely leads to cardiac tamponade:

— Main target-vessel perforations are treated with balloon occlusion + covered stents;

— Distal target-vessel perforation can be treated using microcatheters and embolization;
— Septal collateral-vessel perforation typically does not result in cardiac tamponade;
— Epicardial collateral-vessel perforation has a high risk of cardiac tamponade and ideally should be treated with antegrade and

= Equipment entrapment or loss is rare but requires retrieval and/or crushing of equipment against the coronary vessel wall.
= Coronary dissection and side-branch occlusion are common complications that can be prevented by careful monitoring of guide

= With any dissection and re-entry technique, subintimal tracking should be minimized to reduce the risk of side-branch occlusion and/or

= Periprocedural myocardial infarctions are common but ST-elevation myocardial infarctions are rare.
= All patients undergoing CTO PCl should be assessed for their risk of contrast-induced nephropathy and receive aggressive hydration as

tolerated.
= The risk for radiation injury is higher with CTO PCl, and patients should be followed closely for up to 1 year following any radiation
dose >5 Gy.
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