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Editorial

Coronary artery perforation is one of the most feared complications 
of chronic total occlusion (CTO) percutaneous coronary interven-
tion (PCI), as it can lead to pericardial effusion, tamponade, hemo-
dynamic deterioration, need for emergency pericardiocentesis or 
surgery, or death.1 The incidence of perforation is higher in CTO 
PCI compared with non-CTO PCI, likely due to higher anatomic 
complexity of CTOs and the use of advanced wiring techniques, 
such as antegrade dissection and re-entry and retrograde crossing.2

Coronary perforations have traditionally been classified according 
to severity using the Ellis classification.3 Because perforation loca-
tion has important implications for management, another key 
classification of coronary perforations is according to location, as 
follows: a) large vessel perforation; b) distal vessel perforation; and 
c) collateral vessel perforation, in either a septal or an epicardial 
collateral.4

The first step in perforation management is immediate balloon 
inflation proximal to or at the site of perforation to prevent accu-
mulation of blood in the pericardial space and tamponade. The 
balloon should be the same size as the perforated vessel and the 
inflation often last for several minutes unless the patient develops 
severe ischemic symptoms.5

Large vessel perforations are usually treated with covered stents, 
such as the PK Papyrus (Biotronik, United States), and the Graft-
master Rx (Abbott Vascular, United States).6 Delivery of the covered 
stent can be achieved using either a single guide catheter (“block 
and deliver” technique)7 or 2 guide catheters (“ping pong”, also 
called “dueling guide catheter” technique)8. Both techniques are 
used to minimize bleeding into the pericardium while preparing for 
delivery and deployment of the covered stent. Covered stents 
require excellent guide catheter support for delivery and should be 
post-dilated aggressively after deployment to achieve good expan-
sion. Large vessel perforations of CTO vessels can be sealed by coil 
deployment proximal to the perforation. Another option for treating 
large vessel perforations is through extraplaque crossing of the CTO 
segment (either antegrade or retrograde) followed by stenting: the 
tissue flap created can successfully seal the perforation.9,10

The most widely used treatment for distal vessel perforations is 
coil11 and autologous fat embolization12. Sometimes both fat and 
coil embolization are needed.12 Thrombin injection13 and 

embolization of microparticles, or other materials, such as gelfoam14 
are also sometimes used.

In most cases embolization can be achieved through a single guide 
catheter using the “block and deliver” technique.7 The starting point 
for fat or coil delivery is advancing a microcatheter just proximal 
to the perforation site. Fat can be delivered through any microca-
theter, but many coils are not compatible with the microcatheters 
typically used for PCI, such as the Corsair, Corsair XS, Caravel 
(Asahi Intecc, Japan), Turnpike, Turnpike LP, Mamba (Boston 
Scientific, United States) and Teleport (OrbusNeich, China) and 
instead require larger 0.035 inch lumen microcatheters (such as the 
Progreat, Terumo, Japan). Use of 0.014 inch coils (typically used 
for neurovascular applications, such as the Axium coils [Medtronic, 
United States) are compatible with all coronary microcatheters, 
facilitating use in the cardiac catheterization laboratory. Based on 
the coil mechanism of release, coils are classified as pushable and 
detachable. Pushable coils are inserted into the microcatheter and 
pushed with a coil pusher until they exit the microcatheter. Push-
able coil delivery is unpredictable and irreversible. In contrast, 
detachable coils can be delivered to the desired location and then 
retracted and repositioned until optimal positioning is achieved, 
followed by release using a dedicated release device that connects 
with the back end of the coil.

Septal collateral perforations are unlikely to have adverse conse-
quences and usually no specific treatment is required. In contrast, 
perforation of epicardial collaterals branch can rapidly lead to 
tamponade and may be difficult to control. Embolization of epicar-
dial perforations may need to be performed from both sides of the 
perforation.15

In cases of pericardial effusion and tamponade, emergency pericar-
diocentesis should be promptly performed.5 Although hemodynamic 
instability requires immediate pericardiocentesis, smaller size 
pericardial infusions can often be managed conservatively, as the 
accumulated blood increases the pressure in the pericardial space 
potentially preventing further bleeding.

Prevention is critical to decrease the incidence of perforation during 
CTO PCI. Key preventive strategies include: a) confirmation of 
guidewire position within the vessel architecture in multiple angio-
graphic projections before balloon dilation and/or microcatheter 
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advancement, usually through injection of the donor vessel to 
opacity the distal portion of the CTO vessel; b) use of intravascular 
imaging to determine the need for lesion preparation, and to guide 
balloon and stent size; c) outlining the anatomy of the collateral 
channels before and during crossing.5

Meticulous CTO PCI technique, continuous surveillance of the 
patient and availability and knowledge of how to treat coronary 
perforations can reduce the morbidity and mortality associated with 
this complication during CTO PCI.
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