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Acute Complications of PCI

Coronary Non-coronary

Non-cardiac
Cardiac

Acute vessel closure

1. Dissection

• Coronary

• Aortocoronary

2. Thrombosis

3. Embolization

• Thrombus

• Plaque

• Air

4. Side branch occlusion

5. Spasm

6. Pseudolesion

7. Equipment entrapment

8. Intramural hematoma

9. Aortic dissection

Perforation

• main vessel

• distal vessel

• collateral

Equipment 

loss/entrapment

1. Hypotension 

2. Myocardial infarction

3. Arrhythmias

4. Tamponade

1. Vascular access 

complications

2. Thromboembolic

complications

3. Contrast-related 

complications 

(nephropathy, allergies)

4. Radiation injury



CTO-ARC perforation classification

Part 1

Mechanism – location

1. Large vessel

2. Distal vessel

3. Collateral septal

4. Collateral 

epicardial

Part 2

Severity

1. Ellis 1

2. Ellis 2

3. Ellis 3

Ellis 4 – cavity 

spilling

Coronary vessel injury resulting in bleeding through the 

vessel wall

Ybarra LF et al. Circulation. 2021;143:479–500



Types of coronary perforation

Large Vessel 

perforation

Distal Vessel 

perforation

Collateral perforation 

epicardial

Collateral 

perforation 

septal

mechanism

Ybarra LF et al. Circulation. 2021;143:479–500



75%

25%

Shaukat A. et al. Catheter Cardiovasc Interv 93, 2019, 48–56



Large vessel perforation

Causes

1. Oversized stents/balloons

2. High pressure inflations

3. Severe calcification

4. Balloon rupture

5. Atherectomy

6. Wire + 

microcatheter/balloon exit

Treatment

1. Prolonged balloon 

inflation

2. Covered stent

• Block+deliver

• Ping pong guide

3. Dissection techniques

4. Surgery



yes

1. Inflate balloon to occlude vessel

Monitor patient

Large vessel perforation 

1. Covered stent

2. Prolonged balloon inflations

3. Dissection techniques

Treat the cause

no
Persistent extravasation?

3. Pericardiocentesis if hypotension –

? autotransfusion

Reverse anticoagulation

Distal vessel perforation

1. Embolization (fat, coils, etc)

2. Covered stent over 

perforated branch origin

Continued extravasation?

4. Notify surgeons

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}

yes

Surgery
failure



1. Inflate balloon to occlude vessel

“Universal” Algorithm for 

Coronary Perforations}IMMEDIATELY!!!



1. Inflate balloon to occlude vessel

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}



1. Sedatives - Analgesics

2. Vasodilators

3. Contrast media

4. Anticoagulants

5. Antiplatelets

6. Vasopressors - Inotropes

7. Antiarrhythmics

Medication classes

• Pure vasopressors

Phenylephrine

50–100 mcg IV bolus

infusion at 0.5–1.4 mcg/kg/min

Vasopressin

0.03 – 0.1 U/min IV infusion

• Vasopressors/inotropes

Norepinephrine (Levophed)

0.1–0.5 mcg/kg/min IV infusion

Dopamine

10–20 mcg/kg/min



1. Inflate balloon to occlude vessel

3. Pericardiocentesis if hypotension –

? autotransfusion

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}



normal

Pulsus paradoxus



Fluroscopy-guided 

pericardiocentesis



Tapping the 

effusion



1. Inflate balloon to occlude vessel

3. Pericardiocentesis if hypotension –

? autotransfusion

4. Notify surgeons

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}



yes

1. Inflate balloon to occlude vessel

Monitor patient

Large vessel perforation 

1. Covered stent

2. Prolonged balloon inflations

3. Dissection techniques

Treat the cause

no
Persistent extravasation?

3. Pericardiocentesis if hypotension –

? autotransfusion

4. Notify surgeons

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}



Single Stent Design Sandwich Stent Design

Cover material Polyurethane ePTFE

Guide catheter 5F 6F

Available sizes (mm)

Length 15, 20, 26 16, 19, 26

Diameter
2.5, 3.0, 3.5, 4.0, 

4.5, 5.0 (6 French)

2.8. 3.5, 4.0, 

4.5, 4.8 (7 French)

PK Papyrus GRAFTMASTER

FDA approved covered stents



Covered stent delivery

Block and deliver 

(single guide)

Ping pong guide 

(2 guides)



Block and delivery – single guide part 1



Block and delivery – single guide part 2



Ping pong – 2 guides part 1



Ping pong – 2 guides part 2



Ping pong – 2 guides part 3



yes

1. Inflate balloon to occlude vessel

Monitor patient Treat the cause

no
Persistent extravasation?

3. Pericardiocentesis if hypotension –

? autotransfusion

Distal vessel perforation

1. Embolization (fat, coils, etc)

2. Covered stent over 

perforated branch origin

4. Notify surgeons

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}



Small vessel perforation
Causes

1. Advancement of guidewire, 

balloon, microcatheter into 

distal small branch

2. Collimation

3. Stiff, polymer-jacketed wires 

have higher risk

Prevention

1. Meticulous attention to 

distal guidewire position

2. Use workhorse wires for 

equipment delivery

3. Trapping technique 



Small vessel perforation treatment

1. Balloon inflation - ? Suction

2. Embolization

• Fat

• Coils

• Other (gelfoam, thrombus, etc)

3. Covered stent across origin of perforated 

branch

4. Surgery



Coil vs. fat embolization

Fat Coil

Visibility 0 +

Controlled 

delivery

0 +

Catheter needed 

for delivery

Any microcatheter Larger microcatheter*

Availability Universal Often limited

Cost 0 High



Brilakis ES. Manual of coronary CTO interventions 2nd edition. Elsevier 2017

Embolization – part 1



Brilakis ES. Manual of coronary CTO interventions 2nd edition. Elsevier 2017

Embolization – part 2

Block and deliver



Brilakis ES. Manual of coronary CTO interventions 2nd edition. Elsevier 2017

Embolization – part 3

Block and deliver



Brilakis ES. Manual of coronary CTO interventions 2nd edition. Elsevier 2017

Embolization – part 4

Block and deliver



A C

B D

TIP

Fat floats!





Abdel-karim AR et al. Case reports in Cardiology 2016

Septal collateral perforation



Brilakis ES. Manual of coronary CTO interventions 2nd edition. Elsevier 2017

Sealing an epicardial collateral perforation



Lesson

Epicardial collateral 

perforation requires sealing 

from both sides



yes

1. Inflate balloon to occlude vessel

Monitor patient

Large vessel perforation 

1. Covered stent

2. Prolonged balloon inflations

3. Dissection techniques

Treat the cause

no
Persistent extravasation?

3. Pericardiocentesis if hypotension –

? autotransfusion

Reverse anticoagulation

Distal vessel perforation

1. Embolization (fat, coils, etc)

2. Covered stent over 

perforated branch origin

Continued extravasation?

4. Notify surgeons

2. Intravenous fluids / vasopressors “Universal” Algorithm for 

Coronary Perforations

Type-specific 

Treatment}

}

yes



ACT=227

TIP

Perforation can be further 

complicated by thrombosis

DON’T REVERSE HEPARIN UNTIL 

AFTER EQUIPMENT REMOVED 

FROM CORONARY ARTERY





Wilson et al. CCI 2015;86:407–41

Lesson

Perforation in the post 

CABG patient can be a 

lethal complication –

and very hard to treat



Conclusion / Take-home Message

• Coronary perforation: most feared complication of CTO PCI

• Classification by severity – location

• Universal algorithm

• First step: inflate a balloon

• Large vessel perforation: covered stent

• Small vessel perforation: coil/fat embolization

• Septal collateral perforation: usually no Rx

• Epicardial collateral perforation: embolization from both 
sides


