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The aims of this study were to determine the incidence 
of coronary artery perforation by intracoronary guidewires 
during angioplasty, to identify associated factors, and 
to assess outcomes. The retrospective analysis covered 
4,353 consecutive procedures, corresponding to a total 
6,994 lesions treated over a period of 8 years. Coronary 
artery perforation by guidewires occurred in 15 cases 
(0.35%). Perforation was associated with the number of 
hydrophilic wires used (odds ratio=2.33; 95% confidence 
interval, 1.34-4.05) and treatment of chronic occlusions 
(odds ratio=3.31; 95% confidence interval, 1.05-10.46). 
Cardiac tamponade occurred in 7 cases (46.7%), 6 of 
which were subacute. Three cases were resolved by 
pericardiocentesis, while 4 required surgical drainage. 
Cardiac tamponade was associated with the number 
of guidewires used (P=.039) and the use of abciximab 
(P=.016). No death occurred.
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Perforación coronaria causada por guías 
intracoronarias: factores de riesgo y evolución 
clínica

En el presente estudio se valora la incidencia, los pará-
metros relacionados y la evolución de la perforación co-
ronaria por guía intracoronaria durante la realización de 
angioplastia.

Se analizaron retrospectivamente 4.353 procedimien-
tos consecutivos, correspondientes a 6.994 lesiones tra-
tadas en 8 años. Se detectó perforación coronaria por 
guía en 15 casos (0,35%). Ésta se relacionó con el nú-
mero de guías hidrófilas usadas (odds ratio [OR] = 2,33; 
intervalo de confianza [IC] del 95%, 1,34-4,05) y el trata-
miento de oclusiones crónicas (OR = 3,31; IC del 95%, 
1,05-10,46). En 7 casos (46,7%) hubo taponamiento 
cardiaco, 6 de manera subaguda; 3 se solucionaron con 
pericardiocentesis y 4 requirieron drenaje quirúrgico. El 
taponamiento se relacionó con el número de guías utili-
zadas (p = 0,039) y el uso de abciximab (p = 0,016). No 
se produjeron muertes. 
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INTRODUCTION

Coronary artery perforation is an infrequent 
complication of percutaneous coronary interventions 
(PCIs) (0.2%-3%, depending on the series) that can 
have a poor prognosis because of the risk of cardiac 
tamponade, need for surgery, pseudoaneurysm 
formation, development of arrhythmia, and ultimate 
death.1-4

In 1994 Ellis et al1 proposed a prognosis-related 
classification of the degrees of coronary perforation 

following angioplasty. Later, in some reported cases 
of perforation caused by intracoronary guidewires, 
it was seen that the condition could progress to 
cardiac tamponade even though there was no 
contrast extravasation during the procedure.5,6

In the present study, we examine the incidence 
of coronary artery perforations caused by 
intracoronary guidewires, and evaluate the 
factors that can predict the development of this 
complication. We describe how this complication 
was managed and its short-term prognosis.

METHODS

A retrospective observational study was 
conducted, involving a review of medical records 
and catheterization laboratory data related to all 
consecutive patients who underwent PCIs from 
October 2000 to October 2008 at our hospital.
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Outcome Variables

The study outcome variables were coronary 
artery perforation caused by intracoronary 
guidewire, immediate or delayed (outside the 
revascularization laboratory) cardiac tamponade, 
early revascularization requirement (urgent CABG 
or PCI), and in-hospital death.

The statistical analysis was carried out with SPSS. 
Continuous variables were analyzed for homogeneity 
of variance and compared with the Student t test; 
results are expressed as the mean (SD). Categorical 
variables were compared with the Mann-Whitney 
test; results are expressed as absolute numbers (%). 
Statistical significance was set at a P value of <.05. 
Linear logistic regression analysis was performed 
with significant variables in the univariate analysis, 
and results are presented as the odds ratio (OR) 
adjusted by the 95% confidence interval (CI).

RESULTS

A total of 4353 consecutive PCI procedures to 
treat 6994 lesions were carried out during the study 
period. Thirty coronary perforations were detected, 
and 15 of them (0.35% of all PCIs) had been caused 
by an intracoronary guidewire (Figure 1).

Variables related to guidewire perforation were the 
presence of more than 1 lesion per vessel (P=.016), 
number of diseased vessels (P=.005), complex lesions 
(P=.002), percentage of stenosis (P<.001), initial 
TIMI flow 0 (P<.001), use of more than 1 guidewire 
(P<.001), use of hydrophilic guidewires (P<.001) 
and treatment of chronic occlusions (P<.001)  
(Table 1). There was no relationship between the 
degree of urgency or clinical indication for the 
procedure and occurrence of guidewire perforation.

The variables assessed included classic 
cardiovascular risk factors, myocardial infarction, 
previous revascularization by coronary artery bypass 
surgery (CABG) or PCI, ventricular function, and 
pharmacological treatment, as well as technical 
factors, such as number of diseased vessels, severity 
of lesions, types of stents and guidewires used, 
presence of coronary calcifications and tortuosity, 
periprocedure medication, and the initial TIMI 
(thrombolysis in myocardial infarction) flow.

Definitions

Definitions used in the study are those that 
follow. Cardiac tamponade: systolic arterial 
pressure ≤90 mm Hg with paradoxical pulse and/
or pericardial effusion with echocardiographic 
signs of hemodynamic deterioration.7 Type A, B, 
or C coronary lesions, based on the criteria of the 
American College of Cardiology/American Heart 
Association (ACC/AMA).8 Coronary occlusion: 
absence of anterograde coronary flow (TIMI 
0),9 which was considered to be chronic in cases 
of more than 3 months’ evolution.10 Multivessel 
revascularization: revascularization of at least 
2 different coronary arteries or the left main. 
Hydrophilic guidewires: guidewires with a polymer-
coated tip, which facilitates navigation in tortuous 
vessels and severely stenotic coronary lesions; in 
the present study, the hydrophilic guidewires used 
were Pilot 50, Pilot 150, and Whisper (Abbott-
Cardiovascular, Illinois, United States).11 Coronary 
artery perforation: extravasation of contrast to the 
pericardial space or intracardial cavity due to rupture 
of an epicardial artery, or pericardial effusion and 
positioning of the intracoronary guidewire outside 
the arterial bed. 

Figure 1. A: coronary artery rupture 
following balloon dilation, with 
extravasation of contrast into the 
pericardial space. B: intracoronary 
guidewire perforation following 
advancement beyond the arterial vascular 
bed.
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degrees of subacute cardiac tamponade, and the 
diagnosis of coronary perforation was made a 
posteriori. Three of these 7, 3 patients presented 
nonspecific chest discomfort some hours before 
the diagnosis; in another 3, tamponade occurred 
after 24 hours, and in 1 patient, tamponade 
presented at 3 days postprocedure. In all patients, 
the diagnosis was confirmed by echocardiography 
and pericardiocentesis was performed, with a 
successful outcome in 3 patients. The 4 remaining 
patients required surgical drainage, which resulted 
in a favorable evolution in all cases (3 of them had 

In the multivariate analysis, the use of hydrophilic 
guidewires (OR=2.33; 95% CI, 1.34-4.05) and 
treatment of chronic occlusions (OR=3.31; 95% CI, 
1.05-10.46) were independently related to guidewire 
perforation.

In 8 patients, the diagnosis of coronary 
perforation was established by the presence of 
chest discomfort during the procedure or by clear 
visualization of the guidewire outside the vascular 
space; the clinical course progressed without 
complications in all cases. Symptoms onset in 
the remaining 7 patients consisted of varying 

TABLE 1. Univariate Analysis. Factors Related to Coronary Artery Guidewire Perforation

Clinical Characteristics Coronary Guidewire Perforation (n=15) Control Patients (n=4338) P

Age, mean (SD) y 68 (2.01) 64.14 (0.18) .076

Males 10 (66.7) 3307 (76.2) .385

Hypertension 12 (80) 2583 (59.5) .107

Diabetes mellitus 7 (46.7) 1506 (34.7) .332

Dyslipidemia 10 (66.7) 2768 (63.8) .818

Renal failure 2 (13.3) 472 (10.9) .761

Peripheral vascular disease 1 (6.7) 592 (13.6) .431

Previous AMI 4 (26.7) 1452 (33.5) .577

Previous CABG 1 (6.7) 305 (7) .956

Previous PCI  4 (26.7) 1030 (23.7) .791

EF, % 50 (2.56) 54 (0.22) .258

Diseased vessels 2.53 (0.13) 1.93 (0.01) .005

Treated vessels 1.27 (0.15) 1.16 (0.01) .513

Treated lesions 2  (0.29) 1.59 (0.01) .056

Stents implanted 2.40 (0.37) 1.57 (0.01) .002

Multivessel procedure 3 (20) 777 (17.9) .833

Multilesion in single vessel  7 (46.7) 918 (21.2) .016

ICG used 2.93 (0.37) 1.75 (0.02) <.001

Hydrophilic ICG used 1.20 (0.26) 0.27 (0.01) <.001

Nonhydrophilic ICG used 1.73 (0.36) 1.40 (0.02) .374

Angiographic Characteristics Perforated Segments (n=15) Control Segments (n=6979) P

Type of coronary lesiona 

 A 0 276 (4) .432

 B1 2 (13.3) 1470 (21.1) .463

 B2 3 (20) 2577 (36.9) .059

 C 10 (66.6) 2424 (34.7) .002

Calcified segment 6 (40) 2462 (35.3) .528

Degree of stenosis, % 98.17 (1.11) 86.90 (0.18) <.001

Chronic occlusion 5 (33.3) 280 (6.5) .001

Initial TIMI flow 0 10 (66.6) 1.021 (14.8) .001

Presence of thrombus 2 (13.3) 1.095 (15.7) .802

Affected vessel 

 LAD 6 (40) 3022 (43.3) .615

 Cx 5 (33.3) 1682 (24.1) .813

 RCA 3 (20) 1933 (27.7) .599

 LM 0 212 (3) .508

 Coronary grafts 1 (6.7) 122 (1.7) .125

AMI indicates acute myocardial infarction; CABG, coronary artery bypass surgery; Cx, circumflex; LM, left main; EF, ejection fraction; ICG, intracoronary guidewire; LAD, left 
anterior descending artery; RCA, right coronary artery; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.
Data expressed as n (%) or mean (SD).
aAmerican College of Cardiology/American Heart Association classification. Ryan TJ et al.8
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led to the diagnosis of perforation. It is likely that 
most cases of guidewire perforation go undetected 
because don’t cause symptoms.

In half the patients, there were no initial symptoms 
or very nonspecific discomfort. In our opinion, it is 
particularly relevant that the symptoms of tamponade 
occurred subacutely (up to 3 days following the 
procedure). It may be that the passage of blood to 
the pericardium took place very slowly because of 
the small perforation produced by the guidewire. 
Thus, coronary artery guidewire perforation with 
associated cardiac tamponade should be suspected 
in all patients who present hypotension or chest pain 
following a PCI. An emergency echocardiogram can 
be very useful in these patients.

The treatment for coronary artery guidewire 
perforation has not been well defined. 
Anticoagulation agents were suspended in all 
patients in our series, and their effects were reversed 
by protamine administration.5,16 Anti-GPIIb/IIIa 
administration was interrupted in patients receiving 
this treatment and platelets were transfused. Double 
antiplatelet therapy was not suspended in any case.

Limitations

This is a retrospective study and only a small 
number of patients experienced the complication 
being investigated. Distal perforations may have 
been underdiagnosed because they can go unnoticed 
during angioplasty and developed no complications. 

acute myocardial infarction, treated with primary 
angioplasty, and free wall rupture during surgery 
was ruled out). Protamine was administered 
in all cases, and anti-GPIIb/IIIa perfusion was 
discontinued in patients receiving this treatment.

The development of cardiac tamponade was 
related to the number of coronary guidewires used 
(P=.039) and abciximab administration during the 
procedure (P=.016) (Table 2).

None of the patients required urgent CABG, and 
there were no deaths related to the procedure or any 
other cause.

DISCUSSION

In our setting, coronary artery perforation related 
to PCI was an uncommon complication, and in half 
the cases, the guidewire had gone beyond the vascular 
bed, without major rupture of the epicardial artery. 
The coronary guidewire perforations occurring in 
our patients were type 1, as described by Ellis et al.1 
However, in contrast to the results of Ellis’s study 
and another by Ramana et al,12 cardiac tamponade 
occurred in half the patients. This complication 
was related to the use of anti-GPIIb/IIIa, as has 
been reported by Gunning et al13 and Javaid et 
al15 in patients with vessel rupture. Other authors, 
such as Dippel et al14 and Ramana et al12 did not 
find this relationship. The high incidence of cardiac 
tamponade in the present study might be due to the 
fact that it was the symptoms of this condition that 

TABLE 2. Univariate Analysis. Clinical Variables and Angiographic Characteristics Related to Occurrence  

of Cardiac Tamponade in Coronary Artery Guidewire Perforations 

 Cardiac Tamponade (n=7) Control (n=8) P

Medication 

 Previously treated with aspirin 6 (85.7) 8 (100) .694

 Previously treated with clopidogrel 7 (100) 5 (62.5) .232

 Mean total sodium heparin dose, units 6714.29 8750.69 .064

 Enoxaparin 1 (14.3) 2 (25) .779

 Tirofiban 1 (14.3) 0 .285

 Eptifibatide 0 1 (12.5) .350

 Abciximab 4 (57.1) 0 .016

 Previous thrombolytic therapy 0 0 –

 Oral anticoagulation 0 0 –

Angiographic/technical variables

 Diseased vessels 2.71 (0.18) 2.38 (0.18) .216

 Stents implanted 2.60 (0.60) 2.20 (0.49) .620

 Multivessel procedure 1 (14.3) 2 (25) .779

 Multilesion in single vessel 3 (42.9) 4 (50) .867

 ICG used 2.14 (0.26) 3.63 (0.57) .039

 Hydrophilic ICG used 1.00 (0.43) 1.38 (0.32) .495

ICG indicates intracoronary guidewire.
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III, Loop FD, et al. Guidelines for percutaneous transluminal 
coronary angioplasty: A report of the ACC/AHA Task Force 
on Assessment of Diagnostic and Therapeutic Cardiovascular 
Procedures. J Am Coll Cardiol. 1988;12:529-54.

9. Sheehan F, Braunwald E, Canner P, Dodge H, Gore J, 
van Natta P, et al. The effect of intravenous thrombolytic 
therapy on left ventricular function: A report on tissue- 
type plasminogen activator and streptokinase from the 
Thrombolysis in Miocardial Infarction (TIMI) Phase I Trial. 
Circulation. 1987;72:817-29.

10. Pan M, Suárez J, Romero M, Segura J, Pavlovic D, Ojeda S, 
et al. Intervencionismo percutáneo. ¿Dónde estamos y adónde 
vamos? Rev Esp Cardiol. 2005;58:290-30.

11. Shah A, Lau C, Stavropoulos SW, Nemeth A, Soulen MC, 
Solomon JA, et al. Comparison of physician-rated performance 
characteristics of hydrophilic-coated guide-wires. J Vasc Interv 
Radiol. 2008;19:400-5.

12. Ramana RK, Arab D, Joyal D, Steen L, Cho L, Lewis B, et 
al. Coronary artery perforation during percutaneous coronary 
intervention: Incidence and outcomes in the new interventional 
era. J Invasive Cardiol. 2005;17:606-8.

13. Gunning MG, Williams IL, Jewitt DE, Shah AM, Wainwright 
RJ, Thomas MR. Coronary artery perforation during 
percutanous intervention: incidence and outcome. Heart. 2002; 
88:495-8.

14. Dippel EJ, Kereiakes DJ, Tramuta DA, Broderick TM, 
Shimshak TM, Roth EM, et al. Coronary perforation during 
percutaneous coronary intervention in the era of abciximab 
platelet glycoprotein IIb/IIIa blockade: an algorithm for 
percutaneous management. Cathet Cardiovasc Interv. 
2001;52:279-86.

15. Javaid A, Buch AN, Satler LF, Kent KM, Suddath WO, 
Lindsay J, et al. Managements and outcomes of coronary 
artery perforation during percutaneous coronary intervention. 
Am J Cardiol. 2006;98:911-4.

16. Shirakabe A, Takano H, Nakamura S, Kikuchi A, Sasaki A, 
Yamamoto E, et al. Coronary perforation during percutaneous 
coronary intervention. Int Heart J. 2007;48:1-9.

Lastly, protocol for the management of coronary 
perforation was left to the discretion of the 
interventional cardiologist.

CONCLUSIONS

Coronary artery guidewire perforation during 
percutaneous procedures is an uncommon 
complication that can sometimes have poor 
prognosis. In our series, perforation was related 
to multivessel disease, the degree of stenosis, 
the treatment of chronic occlusions, the use 
of hydrophilic guidewires, and the number of 
guidewires. The number of coronary guidewires 
used and the use of anti-GPIIb/IIIa predisposed to 
cardiac tamponade, which occurred subacutely and 
required pericardiocentesis or surgical drainage. In 
our series, there were no in-hospital deaths due to 
this serious complication.
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