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Saphenous Vein Graft Perforation During Percutaneous Coronary 
Intervention: A Case Series
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Abstract: Introduction. The outcomes of perforation 
during aortocoronary saphenous vein graft (SVG) percutaneous 
coronary intervention (PCI) are poorly studied. Methods. We re-
viewed all 12 SVG perforations that occurred between November 
2005 and November 2011 at two tertiary referral centers. The 
acute and long-term outcomes of these patients were examined. 
Results. The perforation was located in the SVG body (n = 6), 
aortic (n = 3), or distal (n = 3) anastomosis. Most perforations oc-
curred after stent implantation (n = 5) or after stent postdilation 
(n = 3). The perforation was Ellis class I in 1 patient, II in 3 pa-
tients, III in 4 patients, and III with cavity spilling in 3 patients. 
The perforation spontaneously sealed without requiring further 
treatment in 3 patients. In the remaining 9 patients, the perfo-
ration was treated with prolonged balloon inflation (n = 2) or 
covered stent implantation (n = 5), but could not be treated in 2 
patients who died during the procedure. Seven of the 10 survivors 
underwent follow-up angiography 5 months to 2 years after the 
perforation. The target SVG was occluded in 5 patients and had 
developed severe stenosis in the remaining 2 patients. Conclu-
sions. SVG perforation during PCI carries a high mortality and 
frequently requires implantation of a covered stent. Perforated 
SVGs frequently occlude within 2 years post PCI.
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Saphenous vein aortocoronary bypass grafts (SVGs) 
have high rates of atherosclerosis development and/or oc-
clusion.1 Percutaneous coronary intervention (PCI) is most 
commonly utilized to treat SVGs with severe luminal ob-
struction, due to the high risk of repeat coronary artery 
bypass graft surgery, especially when the left internal mam-
mary graft is patent. However, SVG PCI carries significant 

risk for complications both during the perioperative pe-
riod (no reflow and post PCI acute myocardial infarction 
due to distal embolization) and subsequently (high rates 
of restenosis or development of new lesions within the 
target SVG).2 A less common but potentially catastrophic 
complication of SVG PCI is perforation, which was first 
described by Drummond in 19873 and which can lead to 
tamponade and death. Although the overall occurrence of 
perforations during PCI has been extensively reviewed,4,5 
there are limited data on SVG perforation. The goal of 
the present study was to examine the clinical outcomes 
and treatment of perforation during SVG PCI among two 
high-volume tertiary referral centers.

Methods
We identified all patients who developed SVG perfora-

tion during SVG PCI between November 2005 and No-
vember 2011 at the Montreal Heart Institute in Montreal 
Canada and at William Beaumont Hospital in Royal Oak, 
Michigan. The severity of perforation was classified ac-
cording to the Ellis classification,6 as follows:

Class I: A crater extending outside the lumen only 
in the absence of linear staining angiographically 
suggestive of dissection.
Class II: Pericardial or myocardial blush without a 
≥1 mm exit hole.
Class III: Frank streaming of contrast through a ≥1 
mm exit hole.
Class III-cavity spilling: Perforation into an ana-
tomic cavity chamber, such as the coronary sinus, 
the right ventricle, etc.

Patient demographics, periprocedural management 
strategies, hospital course and angiographic and clinical 
follow-up data were extracted from the medical records. 
Continuous parameters were presented as mean ± standard 
deviation and nominal variables as percentages. All analy-
ses were performed using JMP 8.0 (SAS Institute).

Results
Patients. During the study period, twelve SVG PCIs 

were complicated by SVG perforation (Figure 1). The 
clinical characteristics of the patients who developed SVG 
perforation are shown in Table 1. Most patients (75%) 
were men presenting with an acute coronary syndrome and 
mean age was 73 ± 11 years. Mean SVG age was 12 ± 8 
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years. Most SVG perforations occurred in old SVGs (≥9 
years post coronary bypass graft surgery); however, in 3 
patients that target SVG was ≤1 year old. Patients who 
had SVG perforation had extensive native coronary artery 
and SVG atherosclerosis (Table 2). All except 1 patient had 
patent left internal mammary grafts to the left anterior de-
scending artery. 

Procedural outcomes. The location of the target SVG 
lesion was in the SVG body (n = 6), aortic anastomosis (n 
= 3), or distal anastomosis (n = 3). Most perforations oc-
curred after stent implantation (n = 5) or after stent post-
dilation (n = 3). In the remaining 4 cases, perforation was 
caused by lesion predilation, use of an aspiration catheter, 
use of intravascular ultrasonography, and use of a coronary 

Figure 1. Examples of a saphenous vein graft perforation. (A) Class I perforation after balloon angioplasty. (B) Class II perforation after stent 
placement. (C) Class III perforation after postdilation. (D) Class III perforation with cavity spilling.
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guidewire. The perforation was Ellis class I in 1 patient, II 
in 3 patients, III in 4 patients, and III with cavity spilling 
in 3 patients. The perforation spontaneously sealed with-
out requiring further treatment in 3 patients with class I or 
II perforation (Table 3). In the remaining 9 patients, the 
perforation was treated with prolonged balloon inflation 
(n = 2) or covered stent implantation (n = 5), but could not 
be treated in 2 patients who died from tamponade during 

the procedure. All those patients were initially treated with 
prolonged balloon inflation. That technique was sufficient 
to seal the perforation in 2 patients, 1 with and 1 without 
anticoagulation reversal with protamine. Five patients re-
ceived a covered stent after unsuccessful healing of the per-
foration with prolonged balloon inflation. Anticoagulation 
was reversed with protamine in 2 of them, while 1 patient 
had received bivaluridin. Both patients who died due to 
an iatrogenic SVG perforation had a class III perforation 
with cavity spilling. Seven of the 10 survivors underwent 
follow-up angiography 5 months to 2 years after the per-
foration. The target SVG was occluded in 5 patients, had 
developed severe in-stent restenosis in 1 patient, and there 
was a lesion distal to a covered stent in the last patient. 
Repeat PCI was performed in 3 of those 7 patients. 

Discussion
The main finding of our study is that SVG perforation 

carries significant mortality and often requires treatment 
with covered stent implantation. SVGs that develop per-
foration often become occluded within 2 years after PCI.

Risk factors and morbidity of SVG perforation. In 
the United States, SVG interventions represent approxi-
mately 6% of the total PCI volume.7 Compared to native 
coronary artery interventions, SVG PCI is associated with 
worse in-hospital7 and long-term outcomes.2,4,5 Several fac-
tors have been associated with higher risk of perforation, 
such as coronary calcification, use of cutting or atheroabla-
tive devices, treatment of chronic total occlusions, use of 
intravascular ultrasound, and administration of glycopro-
tein IIb/IIIa inhibitors.4,5,8 

In our series, SVG perforation was a catastrophic event 
in 2 of 12 patients who developed tamponade and could 
not be resuscitated. This is consistent with prior reports 

Table 1. Clinical characteristics of the 12 patients who devel-
oped saphenous vein graft perforation during percutaneous 
coronary intervention.

Patient Age Sex Graft 
Age

(years)

Bypass EF

1 45 M 1 LIMA + 2x SVG 45%

2 67 M 14 LIMA + 1x SVG 45%

3 68 F 0.1 LIMA + 3x SVG 60%

4 70 M 13 LIMA + 2x SVG 60%

5 70 M 9 LIMA + 2x SVG N/A

6 73 M 1 2x SVG 20%

7 73 F 15 LIMA + 2x SVG 50%

8 78 M 23 LIMA + 2x SVG 55%

9 78 M 19 LIMA + 3x SVG 55%

10 79 M 18 LIMA + 2x SVG 55%

11 82 F 18 LIMA + 1x SVG N/A

12 87 M 17 LIMA + 2x SVG 50%

Mean 73 12.4 50%

EF = ejection fraction; LIMA = left internal mammary artery;  SVG = 
saphenous vein graft.

Table 2. Clinical presentation and extent of coronary artery disease in the 12 study patients who developed SVG perforation. 

Patient Presentation LM LAD Cx RCA LIMA Saphenous Vein Graft

1 Stable angina Normal 100% 90% 100% Normal OM 100%; RCA 80%

2 Unstable angina 100% 100% 100% 100% Normal RCA 70%

3 NSTEMI Normal 100% 60% 100% Normal D1 Normal; OM 80%; RCA 70%

4 NSTEMI 70% 70% 100% 100% Normal OM 70%; RCA 30%

5 NSTEMI 100% 100% 100% 100% Normal OM 100%; RCA 100%

6 NSTEMI 50% 90% Normal 100% N/A LAD 90%; RCA 80%

7 Stable angina 50% 100% 30% 100% Normal OM Normal; RCA 90%

8 Stable angina 80% 100% 60% 100% Normal D1 100%; RCA 100%

9 Stable angina Normal 100% 30% 100% Normal D1 Normal; OM 95%; RCA Normal

10 STEMI Normal 90% 100% 100% Normal OM 80%; RCA 100%

11 Unstable angina Normal 100% 100% 100% Normal OM 90%

12 NSTEMI 30% 100% 100% 80% Normal OM 80%; RCA Normal

NSTEMI = non-ST elevation myocardial infarction; STEMI = ST-elevation myocardial infarction; LM = left main; LAD = left anterior descending artery; 
LIMA = left internal mammary artery; OM = obtuse marginal branch of the circumflex; RCA = right coronary artery.
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showing that prior coronary artery bypass graft surgery 
does not necessarily offer protection from tamponade due 
to the development of pericardial adhesions.9 Given the 
often large caliber of SVGs, slightly under-sizing the im-
planted stent might reduce the risk for rupture and it can 
also reduce the risk for periprocedural myocardial infarc-
tion without compromising long-term patency if drug-
eluting stents are used.10 

SVG perforation may occasionally have an unusual pre-
sentation. A case of SVG perforation into the right atrium 
has been reported;11 the patient did not develop pericardial 
effusion or tamponade and was successfully treated with 
implantation of two covered stents.11 In another case, SVG 
perforation led to localized pulmonary artery compression.12

Management of SVG perforation. Management of 
SVG perforation is similar to management of native coro-
nary artery perforation.13 The very first step should be the 
inflation of a balloon proximal to the perforation site in 
an attempt to prevent blood extravasation into the peri-
cardial space or the mediastinum. For small perforations, 
this may suffice; however, if blood extravasation contin-
ues, anticoagulation is reversed and a covered stent is de-
ployed,14,15 ideally using a dual guide-catheter technique16 
that minimizes the time that blood extravasation occurs 
while the covered stent is inserted. Although autologous 

saphenous vein covered stents have been described for the 
treatment of SVG perforations,17 they are challenging to 
assemble and deliver, hence manufactured covered stents 
are preferred. However, only one covered stent, the Jostent 
Graftmaster (Abbott Vascular) is currently available for use 
in the United States; the Jostent has a high crossing profile 
and is challenging to deliver. Other covered stents available 
in Europe are more flexible and deliverable and have been 
used to treat SVG perforations, such as the MGuard stent 
(Inspire-MD), which has an ultra-thin flexible polyethyl-
ene theraphthalate (PET or Dacron) mesh sleeve anchored 
to the external surface of the stent.18,19 Occasionally, coil 
embolization may be needed in addition to covered stent 
placement to completely stop the contrast extravasation.20 
Although there are reports of perforation sealing using a 
second (uncovered) stent,21,22 this may be more suitable for 
small perforations.

If the patient develops hypotension due to tamponade, 
emergency pericardiocentesis is performed (contrast may en-
ter the pericardial space creating a visible target for the peri-
cardiocentesis needle).13 Emergency surgery may occasion-
ally be the only option for controlling hemorrhage through 
large SVG perforations;23 however, it can be very challenging 
due to the time required to start extracorporeal circulation 
and to enter the chest avoiding injury to other bypass grafts.

Table 3. Management of saphenous vein graft perforation and findings of angiographic follow-up.

Patient Protamine Management Outcome

1 No Prolonged balloon inflation Discharged home

2 Yes Covered stent placement Discharged home

3 No No treatment Discharged home

4 No Tamponade, CPR (PEA) Death

5 Yes Covered stent placement Discharged home

6 No Covered stent placement Discharged home

7 No No treatment Discharged home 

8 No Covered stent placement Discharged home

9 No (on bivalirudin) Prolonged balloon inflation, pericardiocentesis, covered-stent placement Discharged home

10 Yes Prolonged balloon inflation Discharged home 

11 No Tamponade, CPR (PEA) Death

12 No No treatment Discharged home

Patient Follow-up cath Previously managed SVG perforation

1 6 months Occluded

2 5 months Occluded

3 2 years Occluded

5 8 months Occluded — PCI

6 11 months 85% in-stent stenosis — PCI

7 4 years Occluded

8 8 months Patent stent, 99% distal stenosis — PCI

PEA = pulseless electrical activity; CPR = cardiopulmonary resuscitation; PCI = percutaneous coronary intervention.
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Compared to native coronary PCI, SVG PCI failure is 
associated with high risk for complete vessel occlusion,24 
similar to what was observed in our study. In our case series, 
all the patients with repeat angiography within 2 years af-
ter a successfully treated perforation developed disease in 
the target vessel that led to complete occlusion in most of 
them. Since perforated SVGs are highly likely to occlude, 
it may be desirable to plan for alternative forms of revascu-
larization, possibly by recanalization of the native coronary 
artery that supplies the target coronary segment.25

Study limitations. Although our study is limited by the 
relatively small number of patients included, it is the only 
systematic assessment of SVG perforation and importantly, 
provides for the first time long-term outcomes after sealing 
of the SVG perforation with covered stents.

Conclusion
In summary, SVG perforation carries high mortality. 

Prompt recognition and management with balloon infla-
tion, anticoagulation reversal, covered stent implantation, 
and pericardiocentesis are critical for successful outcomes. 
Even when successfully sealed, perforated SVGs have high 
rates of occlusion.
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