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ABSTRACT

Objective. To describe the treatment outcomes of patients who underwent coronary artery bypass grafting (CABG) 
with vein patch angioplasty with internal mammary artery (IMA) grafting of the diffusely diseased left anterior 
descending (LAD) coronary artery.

Methods. This is a retrospective observational study of 26 patients who have undergone vein patch angioplasty of the 
LAD coronary artery with IMA grafting in three centers by a single surgeon from January 2012 to August 2017. The 
demographic profile, intraoperative data, and postoperative outcome (including in-hospital mortality and morbidity, 
perioperative myocardial infarction, and NYHA functional classification) were recorded. Continuous variables were 
expressed as means with standard deviation and categorical variables summarized as frequencies and percentages. 
Student’s t-test was used to compare the preoperative versus postoperative mean NYHA functional class.

Results. There were 22 (85%) males and 4 (15%) females with a mean age of 62 years (range: 34 to 82). Twenty-
five patients (96%) had a three-vessel disease, and one (4%) had a two-vessel disease. Nine patients (35%) had a 
preoperative myocardial infarction. The mean cardiopulmonary bypass and aortic-cross clamp times were 156 and 
118 minutes, respectively. The mean number of vessels grafted was 4.12. Multiple arterial grafting was used in seven 
patients (27%). There were two in-hospital mortalities (7.7%) and three morbidities (11.5%), including reoperation for 
bleeding, acute kidney injury, and leg wound infection. Six patients (23%) developed postoperative atrial fibrillation. 
No patient developed perioperative myocardial infarction. The mean ICU stay was three days, and the mean hospital 
stay was 10.27 days. The mean NYHA functional class improved from 2.85 preoperatively to 1.5 postoperatively 
(p<0.00001). Among patients with improvement, postoperative NYHA improved by two functional classes in 38% 
and by one functional class in 62%.

Conclusion. Vein patch angioplasty is a valuable technique for diffuse coronary stenosis of the LAD artery with 
acceptable early results.
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INTRODUCTION

Complete coronary arterial revascularization is the 
optimal goal in coronary artery bypass grafting (CABG). 
Incomplete revascularization, mainly involving the left ante-
rior descending coronary artery (LAD), is one of the most 
critical factors affecting long-term mortality and morbidity.1 
Although most coronary stenotic lesions are in the proximal 
segment, there are instances when the artery has multiple 
segmental critical lesions at its middle portion, or it is so 
diffusely diseased leaving no suitable site for anastomosis. 
The widespread popularity of and preference for percutaneous 
coronary intervention (PCI) over CABG has resulted in a 
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higher percentage of patients with this more complex coronary 
anatomy pattern being referred for surgical revasculariza- 
tion. At the same time, the rest are usually managed with 
PCI. This subset of patients being referred for CABG with 
increasing frequency poses a challenge to the cardiac surgeon 
who wants to achieve complete revascularization.2

In a diffusely diseased artery, the surgeon may perform 
coronary endarterectomy, removing the atherosclerotic 
plaque prior to coronary bypass. The technique, first reported 
by Bailey3, has historically been associated with increased 
morbidity (including perioperative myocardial infarction) 
and mortality.4 This may be due to thrombogenesis from 
vessel trauma and embolization. It has been a sparingly used 
technique until the changing anatomic profile of CABG 
patients brought about its re-emergence over the past three 
decades.4 

In the case of multi-segmental lesions, bypassing only 
the LAD’s most distal lesion would jeopardize the proximal 
portion and its corresponding myocardial territory. One 
option is placing two separate grafts on the LAD (one distal 
to the first and the other distal to the second segmental lesion). 
The disadvantage is the possibility of competitive flow, some-
times seen in coronary arteries with multiple inflow sources.5 

An alternative technique, patch angioplasty, utilizes an 
arteriotomy (with or without a short endarterectomy) across 
the more distally located atherosclerotic plaque and patch 
reconstruction with saphenous vein prior to the anastomosis 
of the left internal mammary artery (LIMA).6-8 It is easier 
to perform, causes less arterial trauma with consequently less 
possibility of thrombosis than endarterectomy, and avoids 
the potential for competitive flow seen in multiple grafts on 
the same artery. 

There are few published data describing vein patch 
angioplasty. Most of the reports from foreign literature cite it 
as a safe and feasible option with acceptable clinical outcomes 
in this subgroup of patients.7,8 There is no locally published 
data. 

This study aimed to review the clinical experience of 
the author in the use of vein patch angioplasty with IMA 
grafting of the LAD in CABG. The objectives of this study 
were to determine:
1. The demographic profile of patients who underwent 

vein patch angioplasty with IMA grafting of the LAD.
2. The outcomes of surgical treatment, morbidity, and in-

hospital mortality rates.

METHODS

This retrospective observational study involved 26 
patients who have undergone elective CABG using vein patch 
angioplasty as performed by the author from January 2012 to 
August 2017 in three medical centers, namely, the Philippine 
General Hospital, The Medical City, and Makati Medical 
Center. Patients with prior cardiac surgery, concomitant or 
additional procedures, and emergency surgery were excluded.

The institutions’ available databases and operation log-
books were used to identify patients for inclusion. The in-
patient charts and clinic records were reviewed, and the 
demographic data were recorded. The following intraoperative 
and postoperative data were likewise recorded: the number of 
vessels grafted, conduits used, cardiopulmonary bypass time, 
aortic cross-clamp time, total mediastinal blood loss, length 
of ICU stay, prolonged use of inotropic support (more than 
24 hours), need for intra-aortic balloon pumping (IABP), 
duration of mechanical ventilation, the occurrence of atrial 
fibrillation, myocardial infarction, complications, death, length 
of ICU and hospital stay, and NYHA classification at one to 
two months. Morbidity and in -hospital mortality rates were 
calculated. Demographic, preoperative, intraoperative, and 
postoperative data were described with continuous variables 
expressed as means with standard deviation and categorical 
variables summarized as percentages. Student’s t-test was 
used to compare the preoperative versus postoperative mean 
NYHA functional class. The University of the Philippines 
Manila Research Ethics Board approved the study protocol.

Surgical technique
All procedures were performed through a median 

sternotomy using mild hypothermic cardiopulmonary bypass 
with ascending aortic, two-stage venous cannulation, and 
antegrade-retrograde cold blood cardioplegia. The conduits 
used for CABG included single internal mammary artery 
(SIMA) or bilateral internal mammary arteries (BIMA), 
greater saphenous vein, and the non-dominant radial artery. 
The left anterior descending artery was opened last (after all 
the other distal coronary targets had been addressed), just 
beyond the most distal lesion. To avoid competitive flow, 
the arteriotomy was extended across the plaque or plaques 
up to a point distal to the most proximal lesion. In cases 
where the needle could not be passed through the calcified 
plaque, a short segment endarterectomy was performed. The 
arteriotomy (usually 2 to 4 cm) was then patched with a 
saphenous vein segment in an onlay fashion with a contin-
uous running polypropylene 7-0 suture. The proximal end 
of the vein is doubly ligated with a non-absorbable suture 
close to the anastomosis, and double clips were applied. The 
left or right internal mammary artery was then anastomosed 
to the vein patch using a polypropylene 7-0 suture (Figures 
1 and 2). The proximal saphenous vein-aortic anastomoses 
were usually carried out with a partial occluding aortic clamp 
unless the aorta was calcified (in which case, they are done 
with a single cross-clamp technique). 

RESULTS

Out of 293 patients who underwent CABG in the 
author’s experience during the study period, twenty-eight 
patients (9.55%) underwent vein patch angioplasty but only 
twenty-six (93%) medical records could be recovered. The 
mean age was 62 years (±12.4), ranging from 34 to 82 years. 
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Eighty-five percent were males. Twenty-five (96%) patients 
had a three-vessel disease, and one (4%) had a two-vessel 
disease. Four (15%) had left main trunk involvement. Table 
1 shows other important patient characteristics. Majority had 
hypertension (92%), diabetes mellitus (85%), dyslipidemia 
(73%), and renal failure (42%).

All patients underwent elective or urgent surgery. One 
(4%) patient was classified as NYHA (New York Heart 
Association) functional class I, seven (27%) were class II, 
thirteen (50%) were class III, and five (19%) were class IV. 
The mean ejection fraction was 58.8% (34% to 87%). 

The preoperative cardiac EF (ejection fraction) and 
intraoperative data are summarized in Table 2. The mean 

Figure 2. Left internal mammary artery anastomosed to vein 
patch of the left anterior descending artery (LAD).

Figure 1. Steps in vein patch angioplasty with CABG. (A) LAD with segmental stenoses. (B) Proposed line of arteriotomy on the 
LAD (dashed line). (C) Arteriotomy splitting the plaque of the distal stenosis. (D) Saphenous vein anastomosis to the LAD. 
(E) Completed vein patch on the LAD. (F) LIMA has been anastomosed to the vein patch on the LAD.

A C FB D E

Table 1. Cardiac Profile and Concomitant Diseases of Patients 
who Underwent Coronary Artery Bypass Grafting 
(CABG) with Vein Patch Angioplasty

Number Percentage
Hypertension 24 92
Diabetes mellitus 22 85
Dyslipidemia 19 73
Smoking history 15 58
Recent Myocardial infarction 9 35
Cerebrovascular disease 10 38
Peripheral artery disease 2 8
Renal Failure 11 42
Chronic obstructive pulmonary disease 3 12
Left main coronary involvement 4 15
Three-vessel disease 25 96
Two-vessel disease 1 4
Obesity (BMI ≥30 kg/m2) 3 12
NYHA functional class I 1 4
NYHA functional class II 7 27
NYHA functional class III 13 50
NYHA functional class IV 5 19

NYHA: New York Heart Association, BMI: body mass index
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cardiopulmonary bypass time was 156 minutes, and the mean 
aortic-cross clamp time was 117.6 minutes. The number of 
vessels grafted ranged from three to six, with a mean of 4.1. 

The left internal mammary artery was anastomosed to the 
vein patch in 24 patients, while the right internal mammary 
artery was used for this purpose in two cases. Seven patients 
(27%) had at least two arterial conduits. Bilateral internal 
mammary artery (BIMA) grafting was employed in five 
patients, LIMA plus radial artery in one patient, and BIMA 
plus radial artery in one patient (Table 3).

The postoperative outcomes are shown in Table 4. The 
mean total mediastinal blood loss was 725 ml. One patient 
required reoperation for bleeding. The mean duration of 
immediate postoperative mechanical ventilation was 5.4 
hours. The mean length of ICU stay was three days, and 

the length of postoperative hospital stay was 10.27 days. 
Six (23%) patients developed atrial fibrillation which were 
treated medically.

None of the patients developed perioperative myocardial 
infarction based on ECG and clinical parameters. Cardiac 
enzyme levels were not routinely determined in this series 
of patients. Three patients (11.5%) required prolonged 
inotropic support, two of whom expired. The first mortality 
was a 67-year-old male who was in NYHA class IV, had 
acute renal failure and hospital-acquired pneumonia pre- 
operatively. His postoperative course was complicated by 
recurrence of ventilator-associated pneumonia, respiratory 
failure, sternal wound dehiscence requiring reoperation and 
cerebrovascular disease. He succumbed on the 24th post-
operative day. The other mortality was a 64-year-old female 
who had a history of myocardial infarction four weeks prior 
during a gall bladder operation. On the second post-operative 
day, she developed acute hepatic failure with encephalopathy. 
Her hemodynamic status subsequently deteriorated and 
required inotropic and IABP support. She succumbed on 
the fifth postoperative day.

The other morbidities included one acute kidney injury 
(on top of chronic kidney disease) requiring temporary 
hemodialysis and one leg wound abscess managed with 
drainage. Six patients (23%) developed atrial fibrillation.

Eighty one percent of patients had an improved NYHA 
functional class after surgery. Mean NYHA functional class 
improved from preoperative 2.85 to 1.5 at two months post- 
operatively. The difference between preoperative and post-
operative NYHA classification was statistically significant 
(p<.00001).

DISCUSSION

The LAD's multi-segmental or diffuse atherosclerotic 
involvement requires reconstructive techniques in conjunction 
with conventional CABG. Vein patch angioplasty involves 
lengthening the arteriotomy to cross the midsegment 
lesion(s) and using an onlay saphenous vein patch before 
conventional anastomosis between the conduit and the patch. 
Unlike endarterectomy, it does not involve the removal of the 
tunica intima or media but merely a full thickness splitting 
of discrete anterior vessel plaques. 

The technique is an option for short, discrete, multi-
segmental (usually two) stenoses of the coronary artery (such 
as the LAD) as seen on the preoperative coronary angiogram. 
Intraoperatively, the surgeon can readily locate the second 
segmental lesion (usually in the middle segment of the artery). 
The arteriotomy is performed just distal to this then extended 
proximally by cutting through the stenotic area. The most 
proximal stenosis is left untouched since the artery would 
be revascularized by grafting with the LIMA. On the other 
hand, diffusely diseased coronaries involving long segments 
or majority of the entire length of the artery are better treated 
with coronary endarterectomy.

Table 3. Arterial Conduits used in Patients who Underwent 
CABG with Vein Patch Angioplasty

Number Percentage
Single internal mammary artery 19 73.0
Bilateral internal mammary artery 5 19.0
Left internal mammary artery + Radial artery 1 3.8
Bilateral mammary artery + Radial artery 1 3.8

Table 2. Preoperative Cardiac Profile and Intraoperative Data 
of Patients who Underwent CABG with Vein Patch 
Angioplasty

Preoperative and intraoperative details Mean SD
Preoperative ejection fraction, % 58.8 12.86
NYHA Functional Class, mean 2.85 0.78
Cardiopulmonary bypass time, minutes 156 30.5
Aortic cross clamp time, minutes 117.6 24.4
Number of vessels grafted 4.1 0.86

NYHA: New York Heart Association

Table 4. Postoperative Outcomes in Patients who Underwent 
CABG with Vein Patch Angioplasty

Number Percentage
Need for inotropic support >24 hours 3 11.5
Need for IABP 1 3.8
Mean mediastinal blood loss, ml. 725
Reoperation for bleeding 1 3.8
Infection (leg wound) 1 3.8
Acute kidney injury 1 3.8
Mean duration of mechanical ventilation, hours 5.4
Mean length of ICU stay, days 3
Mean hospital stay, days 10.27
Postoperative atrial fibrillation 6 23.0
In-hospital death 2 7.7
Mean NYHA functional class at one to two 

months
1.5

Improved NYHA functional class at two months 21 81.0

IABP: intra-aortic balloon counterpulsation, ICU: intensive care unit, 
NYHA: New York Heart Association
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Vein patch angioplasty with LIMA anastomosis to the 
patch has been reported by several authors with good early 
and medium-term results.6-8 Alternatively, the successful 
use of the LIMA alone as an onlay patch for the extended 
arteriotomy with acceptable early and midterm results has 
also been described.9-11 Others have performed the LAD 
reconstruction with the LIMA using an off-pump procedure 
with very good early and midterm results.12 Conversely, 
coronary endarterectomy is a technically more demanding 
option associated with longer cardiopulmonary and aortic 
cross-clamp times. Activation of the coagulation cascade due 
to loss of intima in the initial stages and myofibro-intimal 
proliferation in later stages have been postulated to pre-
dispose to coronary thrombosis.13 

We prefer to use the saphenous vein over the internal 
mammary artery onlay patch because of the relatively small 
size of the internal mammary artery among Filipinos (which 
comprise the majority in this series). While patch angioplasty 
can be performed as an off-pump procedure, we prefer it 
under cardiopulmonary bypass like most other authors.10 
We performed short segment or limited endarterectomy in 
conjunction with vein patch angioplasty in three instances 
when the needle could not be passed through the calcified 
plaque. We reserve long-segment endarterectomy for severely 
calcified diffusely diseased vessels with no suitable segment 
for anastomoses. 

This series' cardiopulmonary bypass and aortic cross-
clamp times were within safe standards. The mean aortic 
cross-clamp time and cardiopulmonary bypass time were 117 
and 156 minutes, respectively, with a mean of 4.12 vessels 
grafted. 

Three patients required inotropic support for more than 
24 hours. Two of these patients were on inotropic support 
preoperatively. The third patient deteriorated on the second 
hospital day because of liver failure and later required intra-
aortic balloon pump (IABP) counter-pulsation. 

The mean duration of immediate postoperatively 
ventilatory support was 5.4 hours. Two patients required 
re-establishment of ventilatory support for postoperative 
complications and eventually expired. The mean postoperative 
ICU stay was three days. The two deaths accounted for a 
mortality rate of 7.7%. No patient developed myocardial 
infarction based on ECG and clinical criteria. Unfortunately, 
cardiac enzymes were not routinely determined for all 
patients. The morbidity rate was 11.5%. The morbidities 
included reoperation for bleeding, acute kidney injury, and 
leg wound infection. The mean length of stay was 10.27 days.

Patients who undergo LAD reconstruction (particularly 
with endarterectomy) have higher operative mortality and 
postoperative myocardial infarction rate than conventional 
CABG.4,14 This difference may reflect the severity of the 
atherosclerotic disease rather than the surgical technique.9 
Vein patch angioplasty has a mortality rate of 1.2 to 4.8% 
while the perioperative myocardial infarction ranged from 

0-8%.6-8 The overall reported mortality for long segment 
LAD reconstruction with endarterectomy ranged from 
2.5 to 10%.9 Bitan compared vein patch angioplasty and 
endarterectomy patients and found similar short-term survival 
and freedom from myocardial infarction. He concluded that 
both techniques were considered applicable. Although a  
lower reintervention rate was seen in the endarterectomy 
group in his series, this has not been corroborated by other 
authors.15 

Although the mortality rate in this series is slightly 
higher than those reported by others, there was no myocardial 
infarction. The mortalities were not cardiac or related to vein 
patch angioplasty.

Out of 26 patients, 24 were discharged. The patients were 
routinely followed up for one to two months. The difference 
between the preoperative and postoperative mean NYHA 
functional class was significant (2.85 vs. 1.5, p<0.00001). 
Twenty-one (88%) patients had improved NYHA functional 
class. One remained at baseline functional class I status (4%), 
while two (8%) with NYHA functional class II did not 
improve. These included one patient who developed pleural 
effusion, requiring thoracentesis, and another with persistent 
atrial flutter. Of those who improved, eight (38%) improved 
by two or more functional classes, while thirteen (62%) 
improved by one functional class. 

There are no existing guidelines on the use of anti-
coagulation after vein patch angioplasty. Some routinely use 
low molecular weight heparin immediately postoperatively 
and bridge to warfarin for three months followed by aspirin 
only, others use intravenous heparin with low-dose aspirin 
and ticlopidine10 or aspirin and clopidogrel.6,7,15 Our 
patients were started on aspirin or clopidogrel within the 
first 24 hours and continued as maintenance therapy.

This report is not meant to be a comparison between 
coronary endarterectomy and vein patch angioplasty but, 
rather, it presents an alternative option in addressing a specific 
subset of patients – those with distinct multisegmental 
stenosis of the LAD.

The small sample size and retrospective nature limit 
this study. Postoperative cardiac enzyme determination was 
not routinely performed. A longer follow-up period would 
help determine medium-term results.

CONCLUSION

Twenty-six cases of vein patch angioplasty from the 
author’s experience were presented. Vein patch angioplasty 
with IMA grafting is a useful technique for multi-segmental 
lesions or diffuse disease of the left anterior descending 
coronary artery with acceptable early results. 
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