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Relevance. Multi arterial bypass surgery comprises nearly 10% of the overall operations for ischemic heart disease. Multiple studies 
proved the superiority of arterial grafts for multivessel coronary artery disease. Nevertheless, the vast majority of conduits utilized for 
multiple bypasses are saphenous vein grafts. With the increasing popularity of radial artery utilization, the gastroepiploic artery remains 
a faded option. So more studies should be conducted for evaluation of the bene  ts from the gastroepiploic artery in the setting of the 
multi-arterial revascularization.

Objective. Presentation of approaches and operative techniques for complete arterial revascularization in patients with multivessel 
coronary artery disease. 

Methods. Analytical review of literature on keywords in international scientometric databases Pub Med, Scopus, Web of Science. 
Search depth 12 years: from 2007 to 2018.

Results. Current paper presents operative techniques and approaches to complete arterial revascularization in patients with multivessel 
coronary artery disease. Internal mammary artery remains the “gold standard” for left anterior descending artery anastomosis site. Multiple 
arterial grafting is superior in terms of overall and cardiac survival. Emerging evidence of radial artery high term patency suggest the 
use of this arterial graft. Bilateral internal artery utilization provides long-term survival. Supplemental radial artery grafting to bilateral 
internal mammary provides complete arterial revascularization and can be safely used in routine cardiac surgery practice. Gastroepiploic 
artery proved superior patency rates, compared to saphenous vein grafts. Right coronary artery territory is ideal anastomotic site for 
gastroepiploic artery grafting. Inferior epigastric artery may be used in addition to others arterial grafts as free graft or as y- or t-graft in 
setting of multivessel coronary atherosclerotic lesions. 

Conclusion. Complete arterial revascularization provides symptomatic relief from coronary artery disease provides superior patency 
rates and lowers incidence of major adverse cardiac events. 

Key words: coronary artery bypass grafting, multivessel coronary disease, surgical revascularization, atherosclerosis, ischemic 
heart disease, radial artery, left internal mammary artery, right internal mammary artery, bilateral internal mammary artery, multiarterial 
coronary artery bypass grafting, gastroepiploic artery, inferior epigastric artery.

Relevance. Cardiovascular mortality in Ukraine 
remains the prevalent cause of death. Unpromising 
statistics of mortality from cardiovascular diseases 
illustrates the need for implementing effective treatment 
strategies and solutions. Coronary revascularization 
provides symptomatic relief from coronary artery disease 
and improves short and long-term outcomes. 

Multi arterial bypass surgery comprises nearly 10% 
of the overall operations for ischemic heart disease. 
Multiple studies proved the superiority of arterial grafts 
for multivessel coronary artery disease. Nevertheless, the 
vast majority of conduits utilized for multiple bypasses are 
saphenous vein grafts. With the increasing popularity of 
radial artery utilization, the gastroepiploic artery remains 
a faded option. More studies should be conducted for 
evaluation of the bene  ts from the gastroepiploic artery 
in the setting of the multi-arterial revascularization.

Objective. Presentation of approaches and operative 
techniques for complete arterial revascularization in 
patients with multi-vessel coronary artery disease. 

METHODS 
Analytical review of literature on keywords in 

international scientometric databases Pub Med, Scopus, 

Web of Science. Search depth 12 years: from 2007 to 
2018.

RESULTS AND DISCUSSION 
Long-standing high-grade stenosis multivessel 

coronary artery disease eventually leads to heart failure 
with systolic dysfunction. Surgical revascularization may 
restore ejection fraction by elimination of myocardial 
hibernation. Despite common use of saphenous vein 
grafts, recent scienti  c publications recommends 
utilization of multiple arterial grafts in patients of all age 
groups [15]. Internal mammary artery (IMA) has patency 
rates in the region of 90-95% ten to  fteen years after 
CABG [16]. Based on superior long-term results of the 
internal mammary artery (IMA), other arteries are being 
used in CABG. 

Complete arterial revascularization usually achieved 
using the following arterial grafts: left internal mammary 
artery (LIMA), right internal mammary artery (RIMA), 
bilateral internal mammary arteries (BIMA), radial artery 
(RA), gastroepiploic artery (GEA) and inferior epigastric 
artery (IEA) (Fig. 1). Multiple arterial grafts should be 
utilized in setting of diffuse varicose vein disease during 
complex cardiac surgery procedures, where PCI option 
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is failed, as well as ascending aorta calci  cation with 
diffuse atherosclerotic plaques. Different locations of 
arteries harvesting also have potential bene  t in high-
risk patients in terms of deep sternal wound infection 
(DSWI).

          
Fig. 1. Arteries commonly used for complete arterial 

revascularization

IMA harvesting technique:
Internal mammary artery (IMA) runs bilaterally from 

subclavian arteries medially to the anterior scalenus 
muscle and is accompanied by two veins. The free 
margin of IMA bifurcates at the level of sixth intercostal 
space into superior epigastric and musculophrenic 
arteries. The main blood supply to the sternum, derived 
from sternal and perforating branches of IMA. There are 
two techniques of IMA harvesting for CABG: pedicled 
and skeletonized. Dissection of the IMA as a pedicle 
includes harvesting with its surrounding fascia and both 
veins. It has been proposed that such preservation of its 
surrounding tissues provides a homeostatic milieu for 
the IMA, helping it retain its function once harvested [1]. 
The skeletonized technique was developed to preserve 
sternal perfusion and minimize trauma from pedicled 
IMA harvesting [4]. This involves dissection of the IMA 
from its accompanying venous drainage, innervation, 
lymphatics, muscle, and fascia from the top of the  rst 
rib to its bifurcation with branches of the IMA clipped 
and divided [2] (Fig. 2).

The wall of the IMA has the same 3 wall layer, 
which composed of intima, media and adventitia. It 
has a discontinuous internal elastic lamina and is less 
prone to spasm and arteriosclerosis [3]. Nitric oxide 

          
Fig. 2. Skeletonized left  internal mammary artery with 

clipped perforating branches. Distal portion of IMA 
divides into superior epigastric and musculophrenic 

arteries

production is greater in the IMA than in the radial artery 
and long saphenous vein, and is associated with reduced 
smooth muscle proliferation, less intimal thickening, 
and improved long-term patency [4]. According to case-
control study of 1526 patients, RIMA as a second conduit 
did not increase the operative risk including sternal 
wound complications and improved long term outcomes 
including overall survival when compared to RA [5]. The 
advantage of utilizing the RA in patients with diabetes 
mellitus and obesity in this cohort is straightforward. 
These  ndings strongly support RIMA as the  rst choice 
second arterial conduit in CABG [5]. 

Radial artery (RA) became important arterial conduit 
for coronary bypass grafting. Five-year patency rates in 
more recent studies are similar to IMA [18]. RA patency 
rates are superior to those of the saphenous vein grafts, 
particularly in the midterm and long term [6]. RA grafting 
has fewer major adverse events, similar patency to RITA, 
and improves survival in older and COPD patients [7]. 
Appropriate patient selection, coronary arteries target 
territory and high-grade stenosis are key parameters that 
in  uence RA patency rates. 

RA harvesting technique
After collateral hand circulation assessment 

using modi  ed Allen test a linear skin incision from 
the midpoint of elbow crease to the lateral margin 
of wrist crease is made. Skin incision line may be 
differentiated by palpating the radial pulse distally on 
the wrist and proximally by identifying aponeurosis of 
biceps brachii on the  exion. The fascia overlying the 
RA is incised distally as the RA emerges to become a 
subcutaneous structure. The fascia is divided more 
proximally with cautery, separating the muscle bellies of 
the brachioradialis muscle and the  exor carpi radialis 
muscle. Distally, the fascia is carefully divided with 
scissors due to the close proximity of the underlying RA 
[8]. There are two nerves that should be avoided during 
the RA harvest: the lateral antebrachial cutaneous nerve 
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and the super  cial radial nerve. These nerves provide 
cutaneous innervation to the volar forearm, portions of 
the thumb and the dorsum of the hand [8]. Based on own 
experience RA harvesting with both veins that run along 
the artery is safer than skeletization (Fig. 3). Once the RA 
mobilized we apply clamp proximally for con  rmation a 
retrograde  ow from the ulnar artery supply, the vessel 
is ligated and transected. Similar actions provided to 
distal portion of RA. After the vessel is  ushed with 
vasodilating solution, proximal and distal stumps are 
sewed with 5.0 polypropylene sutures. The arm is closed 
with cosmetic skin suture.  Subcutaneous tissue and 
deeper fascia layers are left unapproximated to minimize 
the risk of compartment syndrome and nerve injury. Early 
career surgeons should be aware that patients with long-
standing diabetes are prone to arterial calci  cation and 
occasionally, intraluminal calcium cannot be palpated 
during initial evaluation of RA graft.       

 Fig. 3. Radial artery exposed and is harvesting with 
cautery

The right gastroepiploic artery (GEA) was used 
for indirect myocardial revascularization (Vineberg’s 
procedure) for the posterior or inferior wall of the heart 
in the late 1960s by Bailey et al. [9] and its angiographic 
patency was demonstrated in 1969 by Hirose et al. With 
the development of coronary artery bypass grafting 
procedures, direct anastomosis of GEA to the right 
coronary artery was attempted by Sterling Edwards in 
early 1970s, but there was no exact documentation of the 
procedure. The GEA graft already has a 27-year history 
in CABG, and its clinical results are excellent, without 
an increase in perioperative risk. The reported cumulative 
patency rate of the GEA graft was 98.5% at 1 month, 93.7% 
at 1 year, 86.2% at 5 years, and 70.2% at 10 years [10]. 

Gastroepiploic artery harvesting technique
There are two gastroepiploic arteries: right and left: 
• Left gastroepiploic arises from splenic artery;
• Right gastroepiploic artery, arises from 

gastroduodenal branch of proper hepatic artery.
It can be easily found between the layers of the 

greater omentum. For gastroepiploic artery harvesting 
the median sternotomy is extended just few centimeters 

below to the umbilicus with peritoneum opening. The part 
of stomach is delivered into the margin between thorax 
and abdomen by fenestrated atraumatic clamp, and the 
GEA is palpated along its greater curvature. GEA and 
surrounding tissue is detached from the greater curvature 
as a pedicled graft with no risk of subsequent gastric 
ischemia. GEA is delivered into the pericardial cavity by 
small incision in the diaphragm and is carefully placed 
on the anterior surface of the stomach (Fig. 4). The GEA 
is skeletonized and divided distally with intraluminal 
papaverine injection. 

 

 

Fig. 4. GEA is detached from the greater curvature as a 
pedicled graft 

Arterial grafts and target coronary arteries:
LIMA, RIMA patency are similar for most coronary 

artery territories. In setting of multivessel CAD: triple-
vessel disease, with major stenosis in right coronary 
artery (RCA), left main coronary artery (left main 
LCA), proximal to distal left anterior descending artery 
(LAD), including diagonal branch and hemodynamically 
signi  cant stenosis in the circum  ex coronary artery (Cx) 
territory the following approaches may be recommended:

• LIMA – LAD, RIMA – RCA (including terminal 
divisions, if suf  cient graft length, if insuf  cient 
- for distal RCA: RIMA may be anastomosed end 
– to end with RA), LIMA – RA (y- graft) – Cx. (Fig. 5)

• RIMA – LAD, RIMA – RA (y – graft) – RCA, 
LIMA – Cx.

• LIMA – LAD, GEA – RCA, LIMA – RIMA (y- 
graft) – Cx.

• LIMA – LAD, GEA – RCA, LIMA – IEA (y - 
graft) – Cx.

• RIMA – LAD, LIMA – Cx, aorta – RA (free graft) 
– RCA (Fig. 6)

• Aorta – RA – LAD, GEA – RCA, aorta – IEA – Cx. 

Stukov Yu. Yu.
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• LIMA – LAD, LIMA – RIMA (y – graft) – Cx – 
RCA (sequential graft).

• LIMA – LAD, GEA – RCA, LIMA – RA (y – 
graft) – Cx.

• LIMA – LAD, LIMA – RA (proximal y- graft) to 
RCA and Cx (sequential, distal grafting)

• GEA – LAD, GEA – RA (y – graft) – RCA, GEA 
– RA (y – graft) – Cx.

Fig. 5. Proposed method of revascularization in setting 
of triple-vessel CAD, right internal mammary artery 

anastomosed with posterior descending artery (RCA), 
using end to end anastomosis with radial artery; left  

internal mammary artery anastomosed with left  anterior 
descending artery, radial artery anastomosed as y- graft  
with left  internal mammary artery to obtuse marginal 

artery of Cx system.

Fig. 6. Proposed method of revascularization in setting 
of triple-vessel CAD, right internal mammary artery 
anastomosed with left  anterior descending artery; left  
internal mammary artery anastomosed with obtuse 

marginal artert of Cx system; radial artery anastomosed 
as free graft , proximally with aorta, distally with posterior 

descending artery (RCA).

Coronary revascularization in complex cardiac 
surgery procedures

In setting of complex cardiac surgery procedures (valve 
replacement/valve reconstruction, aortic procedures) 
and concomitant hemodynamically signi  cant coronary 
artery stenosis, arterial grafting remains preferred option 
for revascularization [18]. Nevertheless, high grade 
stenosis for RCA > 90 % and for left-main with major 
distributions of LCA > 70% of stenosis are the key 
parameters for long-term arterial graft patency. 

 
 
 Fig. 7. Proposed method of revascularization in complex 

cardiac surgery procedures: aortic valve replacement 
with high-grade stenosis of left -main coronary artery: left  
internal mammary artery anastomosed with left  anterior 

descending artery, for arterial y-graft , the following 
arteries may be utilized: right internal mammary artery/
radial artery/inferior epigastric artery anastamosed with 

obtuse marginal artery of Cx system

Pharmacological agents used for spasm prevention
Many surgeons are reluctant utilizing multiple arterial 

grafts in their routine practice for higher harvesting 
precision, longer duration and properties of arterial 
grafts, which are prone to spasm. However, there are 
numerous pharmacologic agents, used for this particular 
issue. All pharmacologic vasodilator drugs relax the 
vessel through speci  c mechanisms, and therefore, there 
is no perfect, single best vasodilator to prevent or treat 
spasm of the arterial graft against all mechanisms of 
contraction [14]. The standard papaverine solution, used 
for spasm prevention, may be supplemented by calcium 
channel blockers – verapamil. Decision on intraluminal 
injection or gentle external irrigation left for surgeon 
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competency. However free grafts, such as RA, GEA and 
IEA are highly recommended for intraluminal injection 
for resting blood  ushing. Phosphodiesterase inhibitors – 
milrinone, are highly effective in spasm prevention [19]. 
According to own experience, patients who underwent 
complete arterial revascularization should receive 
calcium – channel blockers (dosage, calculated according 
to patient’s blood pressure) on the  rst postoperative day 
and subsequently next six month after operation. 

CONCLUSIONS
The superiority of arterial grafts for myocardial 

revascularization led surgeons to commonly use both 
internal thoracic arteries and increasingly frequent use 
the gastroepiploic artery to graft (reach) coronary arteries 
on the inferior ventricular wall. The radial artery has 
been assuming an increasingly prominent role in arterial 
revascularization, often being used when additional 
arterial conduits are desired in conjunction with the 
internal mammary arteries. Inferior epigastric artery 
graft is good alternative arterial graft for patients, who 
previously underwent chest radiotherapy or blunt thoracic 
trauma. IEA graft may serve as a complement of the 
myocardial revascularization in patients over 70 years old 
for better clinical results because of intact IMAs without 
comprising sternal blood supply. Preferential non aortic 
(no – touch aorta) manipulation is highly recommended, 
however there are no statistically signi  cant data on risk 
in long-term results of such method.

Complete arterial revascularization provides 
symptomatic relief from coronary artery disease provides 
superior patency rates and lowers incidence of major 
adverse cardiac events. 
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