
321ISSN 1755-530210.2217/ICA.11.40 © 2011 Future Medicine Ltd Interv. Cardiol. (2011) 3(3), 321–327

Deciding on the best course of action for 
grade III coronary perforations

  Special Report
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Coronary perforation is a very rare complication, type III being the most severe form, defined as extravasations 
through a frank breach (at least 1 mm) at the level of an epicardial artery into the pericardium or in a 
cardiac chamber. The poor prognosis associated with type III coronary perforation emphasizes the importance 
of taking steps to prevent this complication. When this occurs during coronary angioplasty, immediate 
implementation of therapeutic resources with prolonged balloon inflation, hemodynamic support, 
echocardiographic evaluation of pericardial effusion and, if needed, pericariocentesis are key in controlling 
coronary type III perforation. Discontinuation of glycoprotein IIb/IIIa therapy is needed and platelet 
transfusion should be organized if abciximab has been used. Controversy still persists regarding the use pf 
heparin reversal with protamine. Polytetrafluoroethylene-covered stents have the greatest potential to 
seal type III perforations. In selected cases, foam or microcoil embolization may be helpful. Operative 
management may be required in patients with persisting myocardial ischemia or uncontrolled hemorrhage.
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Coronary perforation remains one of the most 
serious complications in the catheterization 
laboratory, with multiple studies demon-
strating very poor early and late outcomes. 
Although preventable to a great extent, perfo-
ration is inevitable in any high volume center. 
With conventional balloon angioplasty, the 
incidence is estimated to be 0.1–0.2% [1–7], 
whereas substantially higher rates of up to 3% 
have been reported with the use of atherectomy 
devices (i.e., directional atherectomy, rotabla-
tion, excimer laser angioplasty or extractional 
atherectomy)  [8–10].

Ellis et al. proposed a classif ication for 
coronary perforation, based on angiographic 
appearance [1]. In this classification, a type I 
perforation is an extraluminal crater limited 
to the media or adventitia without contrast 
extravasations, a type II perforation is a myo-
cardial or pericardial blush without contrast 
jet extravasations, while a type III perforation 
is an extravasation through a 1 mm or larger 
perforation. If the jet is directed toward an 
anatomic cavity (coronary sinus and ventricle), 
the perforation is classified as cavity spilling 
type or type IV or alternatively type IIIB, as 
opposed to the IIIA where the jet is directed 
toward the pericardium (Figure 1). Muller et al. 
recently proposed a modification of the Ellis 
classification, adding a type V perforation 
describing the distal coronary perforation by 
the guidewire [11].

Mechanisms, incidence & outcome
Several mechanisms can be implicated in perfo-
ration appearance: 

�� Excessive ablation of atheroma tissue by an 
atherectomy device [7–10];

�� Perforation of the arterial wall by a sharp 
object, such as the end of a guidewire [12–14];

�� Perforation caused by the excessive stretching 
of the vessel wall by an oversized balloon or 
stent [15].

Grade III coronary perforation or coronary 
rupture is an extremely rare, albeit life threat-
ening, complication of percutaneous coronary 
intervention. It is associated with an increased 
rate of in-hospital and long-term adverse events, 
which include emergency surgery, myocar-
dial infarction and death. These outcomes 
are mostly the consequence of hemodynamic 
compromise, resulting from pericardial effu-
sion and tamponade, myocardial ischemia due 
to failure to treat the target lesion or intended 
vessel occlusion. 

The reported incidence of grade III coro-
nary perforations ranges from 0.06 to 0.49%. 
According to the literature (Table 1), tamponade 
may complicate 21–55% of cases [16,17], with peri-
cardiocentesis needed in 28–63% of patients with 
grade III coronary perforations [1,18]. Emergency 
surgery was reported in 28–63% in earlier series 
[1,16]. More recent reports demonstrate a lower 
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incidence of emergency surgery (2–20%) [19–21]. 
This reduction is likely related to a decreased use 
of atheroablative devices, a higher proportion of 
guidewire-induced distal coronary perforations 
that can be managed often conservatively or 
percutaneously, and the availability of covered 
stents. Grade III coronary perforations are clearly 
associated with far worse outcome than types I 
and II. The mortality in type III perforation is 
19% [1]. When pericardial tamponade occurs, 
mortality is 42% [5]. 

Management
Treatment of coronary perforation depends on 
the size of the perforation, the extent of contrast 
medium extravasations and the hemodynamic 
status of the patient. The management strategy is 
dictated by the need to stop coronary extravasa-
tions and to relieve hemodynamic compromise. 
Generally, this can be achieved by means of 
prolonged balloon inflation and, if necessary, 
a perfusion balloon catheter to reduce myocar-
dial ischemia. A pericardiocentesis set should 
be available in the case of cardiac tamponade 
and the blood pressure should be maintained 
by all means (intravenous fluids, inotropes and 
balloon pump). Discontinuation of glycopro-
tein (GP) IIb/IIIa antagonist therapy is needed; 
reversal of the anticoagulation with protamine, 
if heparin was used, should be discussed, since 
there are no universal guidelines for reversing 
the heparin effect (described later) and the deci-
sion should be individualized according to the 
hemodynamic status of the patient, concomi-
tant GP IIb/IIIa, activated clotting time and the 
duration of prolonged balloon inflation. If the 
patient becomes hemodynamically unstable or 
pericardiocentesis must be performed, a second 
experienced physician can be asked, if available. 

The echocardiogram is certainly important in 
determining the hemodynamic effect of perfo-
ration and whether or not it has been solved. 
Covered stents have revolutionized the treatment 
of the coronary perforations and various lengths 
and sizes should be available in each catheteriza-
tion laboratory. Foam or microcoil embolization 
may also be helpful in selected cases. If the afore-
mentioned methods fail to restore perforation, 
emergency surgery should be considered.

�� Management algorithm
Few algorithms for treating coronary perfora-
tions have been proposed recently [3,11,18]. Type 
III perforations require immediate actions with 
prolonged balloon inflation, hemodynamic sup-
portive therapy, discontinuation and reversal of 
anticoagulant and antithrombotic therapy (if pos-
sible), echocardiographic assessment of pericardial 
effusion and pericardiocentesis, and percutaneous 
or surgical treatment of the perforation. 

�� First step: block the perforation
As soon as a grade III perforation has been diag-
nosed the most important thing to do, even before 
starting cardiopulmonary resuscitation, is to cor-
rctly advance a balloon angioplasty in order to close 
the perforation. The fastest way to get a balloon 
in place is to re-advance the last balloon used. For 
this reason, it is good practice to use post-balloon 
inflation or post-stenting, an injection while the 
balloon is still in the guiding catheter. Inflations 
for 10 min long at low pressure (2–5 atmospheres) 
are often needed. Detection of residual extrava-
sations should be evaluated by repeated contrast 
injections at several time intervals [22]. 

�� Second step: hemodynamic 
stabilization
It is very important to assure, by any means, hemo-
dynamic stability. Following major perforation, 
blood pressure can fall very quickly. This is due to 
a combination of blood loss, pericardial tampon-
ade and a vagal-mediated reflex from sudden dis-
tension of the pericardium. Blood pressure should 
be maintained with intravenous fluids, vasopres-
sors and inotropic therapy. Placement of an intra-
aortic balloon pump may also be required in the 
presence of depressed left ventricular function or 
large ongoing ischemia. Cardiopulmonary resus-
citation may sometimes become rapidly necessary 
following coronary perforation. 

In the setting of hemodynamically signifi-
cant cardiac tamponade, immediate pericar-
diocentesis and deployment of a pericardial 
drainage catheter is a life-saving maneuver [23]. 

                                     
Figure 1. Grade III coronary perforations. (A) Guidewire-induced distal 
coronary perforation. (B) Balloon-induced perforation of a venous graft.
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Pericardial effusion is usually visible by angi-
ography. Nonetheless, echocardiographical 
evaluation should be performed immediately. 
Even if pericardial hemorrhage is evident, peri-
cardiocentesis should only be performed in the 
presence of hemodynamic or echographic car-
diac compromise. The pericardiocentesis needle 
should be exchanged for a multiple side holes 
catheter, allowing continuous aspiration and 
monitoring of pericardial blood. The catheter 
should be maintained in place for 24 h, and in 
the absence of recurrence can be removed after 
a control echocardiography.

�� Step three: discontinuation 
and/or reversal of anticoagulant/
antithrombotic therapy
Reversal of unfractionated heparin anticoagula-
tion is most easily and rapidly achieved through 
the intravenous administration of protamine sul-
fate. However, controversy still persists regarding 
heparin reversal and this is related to the fact that 
on one hand, it may assist in sealing a perfora-
tion, but on the other hand, prolonged balloon 
inflation and simultaneous heparin reversal may 
lead to proximal vessel thrombosis. It is our belief 
that no universal guidelines can be given and 
decision should be individualized based on the 
hemodynamic status of the patient, concomi-
tant GP IIb/IIIa, activated clotting time and 
the duration of prolonged balloon inflation [24]. 
Adverse reactions to protamine are very rare [25]. 
Complete reversal of anticoagulation cannot be 
achieved if the patient is receiving low-molecu-
lar-weight heparin, fondaparinux or bivalirudin. 
Bivalirudin is a synthetic direct inhibitor that 
does not have a specific antidote, and has a short 
half-life (25 min) with a return of coagulation 
in 1–2 h after the discontinuation of the drug. 

Platelet GP IIb/IIIa receptor antagonists should 
be discontinued once perforation occurs. The 
strategy of platelet transfusion applies specifically 
to abciximab-treated patients. Abciximab dem-
onstrates a long half-life, high-affinity platelet 
receptor binding and rapid plasma clearing with 
low free plasma levels, and can be overcome with 
platelet transfusions. Conversely, small molecules 
such as tirofiban and eptifibatide maintain high 
plasma concentration, have a shorter half-life and 
their antiplatelet effects resolve within a few hours 
and platelet transfusion is of little value. 

�� Step four: perforation sealing
Coronary perforation with persistent contrast 
extravasations, despite reversal of anticoagula-
tion and prolonged balloon inflation can be 

successfully treated with implantation of covered 
stents [26–29]. The JOSTENT Graftmaster coro-
nary stent graft system (Abbott Vascular) is a bal-
loon expandable, slotted tube stent manufactured 
by sandwiching a layer of polytetrafluoroethylene 
(PTFE) between two stents of reduced wall thick-
ness. There are now several reports of the use of 
a covered stent to seal coronary perforation with 
good effect [30–32]. The problem with the stent 
grafts is that they are more difficult to use than 
ordinary stents. Owing to their bulk and stiffness, 
they may not negotiate very tortuous or diffusely 
diseased, calcified lesions. They cannot be used 
to treat small vessels or branches. Side branches 
represent a major problem for covered stents. If 
the stent covers the ostium of the side branch, the 
branch will be sacrificed. Since they are extremely 
stiff devices, it is imperative to deploy the stent 
grafts at high pressure. To avoid endoleak, the 
stent graft should be long enough to cover the 
perforation with 4 mm margins on each side. If a 
shorter margin is needed in order to avoid cover-
ing a side branch, the operator needs to weight the 
importance of losing the side branch versus the 
possibility of not sealing the perforation. 

Brigouri et al. reported from their experience 
that PTFE-covered stents successfully sealed 
91% of the coronary perforations when the other 
conservative approaches failed [29]. At angio-
graphic follow-up, 29% restenosis was reported. 
Some cases of early/late stent thrombosis in stent 
restenosis have been reported in some PTFE-
implanted patients. In a study by Al-Lamee et 
al. , three cases of documented stent thrombosis 
have been described, at 7 days, 3 months and 
4 months, respectively, post coronary perforation 
and implantation of PTFE-covered stents, with 
all the patients receiving a dual antiplatelet ther-
apy [18]. In the study by Eggebrecht et al. , four of 
the six patients undergoing covered stent implan-
tation had an angiographic follow-up, with one 
patient developing subacute stent thrombosis, 
in-stent restenosis occurred in one patient, while 
in two patients angiography revealed occlusion 
of the stent graft [7]. Animal data have shown 
that bare metal stents develop a full endothelial 
covering faster than PTFE-covered stents.

In rare cases, additional noncovered stents have 
been used to seal a coronary perforation [33]. Such 
a procedure may not be desirable, since balloon-
expandable stents could potentially increase the 
size of vessel rupture. 

Other reported percutaneous strategies for 
treatment of distal coronary perforation include 
embolizations of coils [34,35], gelfoam [36], poly-
vinyl alcohol [37], thrombin [38], glue [39] or 
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autologous blood clot [40]. These are solutions 
that have been successfully used, especially in 
distal guidewire-induced coronary perforations.

Surgical indication
In the case of persistent contrast extravasations 
despite the application of all the measures men-
tioned earlier, or in case of hemodynamic insta-
bility due to a large ischemic territory, surgical 
management should be considered. Emergency 
surgery should be performed to control hemor-
rhage, repair the perforation or ligature the vessel 
and bypass all the vessels containing significant 
stenosis. Before transferring the patient to the 
operating room, a balloon catheter should be kept 
inflated at low pressure at the perforation site. 

Cavity spilling
Patients with cavity spilling may respond to 
prolonged balloon inf lation or the vascular 
communication may even spontaneously close 
in follow-up. In general, the outcome is favorable 
with conservative therapy. 

Prevention
Determinants of coronary perforation include 
patient, vessel and procedural characteristics [20]. 
Patient characteristics include age, female gender 
and history of previous coronary artery bypass 
graft. Vessel determinants include lesion severity 
with American College of Cardiology/American 
Heart Association type B2 or C lesions with total 
occlusions, tortuous and calcified vessels, and 
bifurcated and angulated lesions. Procedural 
characteristics that have been associated with an 
increased risk of vessel perforation include use of 
an atheroablative device (rotational or directional 
atherectomy, excimer laser angioplasty), the use 
of particular guidewires (stiff or hydrophilic 
guidewires), device oversizing (balloon angi-
oplasty or stenting) or balloon rupture (jet 
effect), and the use of intravascular ultrasound. 
Some of these determinants cannot be influenced 
(age, sex, antecedents of coronary artery bypass 
graft). Most of the procedural factors that have 
been indicated as predictors for a coronary per-
foration should be recognized and appropriate 
adjustment in treatment strategies can prevent 
problems that would otherwise occur. 

Highly calcified lesions should be properly 
prepared before implanting a stent by means of 
rotational atherectomy or cutting balloon. The 
risk of perforation is increased when overinfla-
tion of a semi-compliant balloon is used to over-
come a calcified lesion, or when using a balloon 
with a balloon:artery ratio of more than 1.2:1.3. 

Cases of perforations caused by stenting have 
been reported, especially after excessive overdila-
tation or after implantation of an oversized stent 
compared with the calibre of the artery. Javaid 
et al. reported in their study, a decrease of 25% 
in the incidence of coronary perforation since 
drug-eluted stents are used [41]. It is likely that the 
efficacy of active stents in preventing restenosis 
will reduce the need for stent overexpansion. 

The use of atheroablative devices has also 
been associated with an increased incidence of 
degree III perforations. In fact, when they are 
used correctly they can prevent perforation by 
changing the compliance of the diseased arteries 
and can allow ballooning and stenting, avoiding 
inflation at high pressures. When used incor-
rectly, those devices can be a source of massive 
perforation. Perforations secondary to rotabla-
tor mostly occurs when used in treating bended 
lesions or larger burr sizes. Ablating devices must 
be used with caution when treating bifurcation 
lesions, especially in the direction of the side 
branches, because side branches generally arise 
at steep angles. A burr:artery ratio of 0.5:0.6 is 
recommended in high-risk lesions.

It is interesting to note that the percentage 
of perforations induced by guidewire (crossing 
lesion, distal wire perforation) is increasing and 
may be related to the introduction of hydrophilic 
coronary wires and special stiff wires designed 
to recanalize total chronic occlusions. Even if a 
guidewire-exit perforation causes small leaks, it 
is possible that in association with concomitant 
GPIIb/IIIa can determine a grade III coronary 
perforation. In the group of patients reported by 
Witzke, 51% of the perforations were guidewire 
induced [42]. Caution should be taken when 
advancing the wire and also in positioning the 
tip of the guidewire distally, especially when a 
hydrophilic wire is used. If a perforation occurs 
during a percutaneous coronary intervention for 
a chronic total occlusion and a covered stent is 
implanted to seal the perforation, a controlateral 
injection to check for persisting bleeding via 
collaterals can be performed. 

Conclusion
Although perforation is a relatively uncommon 
complication, the consequences may be devastat-
ing and all measures must be taken to prevent 
it. The best way to prevent a perforation is to 
recognize situations of increased risk and take 
appropriate precautions. When a grade III per-
foration occurs, the window of opportunity for 
effective treatment can be very short, sometimes 
less than 1 min. Early diagnosis, adjusted risk 
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evaluation and immediate implementation of the 
therapeutic resources are key to controling the 
coronary perforation. 

Future perspective
Even if the use of covered stents is considered 
to have the highest potential to seal a large 
perforation and to considerably reduce the 
need for emergent surgery in type III coronary 
perforations, this method is far from being 
the ideal tool for treating coronary perfora-
tions. First, the double layer design confers to 
this stent a bad crossing profile. Second, the 
long-term results are still suboptimal owing 
to a high incidence of restenosis and/or late 
thrombotic occlusion. The type of long-term 

antiplatelet strategy is not well established. 
Prasugrel, owing to its lack of intrinsic resis-
tance, might be considered as the thienopiri-
dine of choice, although there are no available 
data to support this. 
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Executive summary

�� Type III coronary perforation is a severe complication of percutaneous coronary intervention, associated with significant morbidity and 
mortality, and all measures must be taken to prevent it.

�� Early recognition and familiarity with all the treatment algorithms for coronary perforations are paramount in the era of complex 
percutaneous coronary intervention.

�� Covered stents have the highest potential to seal a large perforation and to considerably reduce the need for emergent surgery in type III 
coronary perforations and should be available in every catheterization laboratory.
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