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CHAPTER l 

SURGICAL REVIEW 

The surgical treatment of angina caused by coronary artery disease started in the 
beginning of this century1• At that time many techniques were attempted to provide 
the ischemic heart with an adequate blood supply, by means of both indirect and 
direct augmentation of the blood flow to the ischemic myocardium. Indirect tech
niques began with cardiac denervation2 and were followed by techniques which were 
intended to produce adhesions between the epicardium and the pericardium by a 
sterile pericarditis3 • Later, the use of flaps of mediastinal fat, skeletal muscle, omen
tum, stomach and jejunum were introduced as a source of collateral blood supply". 

Studies of ventricular implantation of the internal mammary artery as a method of 
myocardial revascularization were reported by Vineberg as early as 19465 . In this 
period other arteries like the subclavian artery6 and the splenic artery7 were used as an 
implant in the left ventricular wall. Anastomotic channels between the transplanted 
vessel and the coronary artery system have been observed in 50 to 70 per cent of these 
experimental models8• Even segments of an autologous saphenous vein, anastomosed 
on the aorta, were implanted into the myocardium 9. In 1965 Bailey used the pedi
cled right gastroepiploic artery (GEA) as a myocardial implant in the diaphragmatic 
portion of the heart 111• In the same period, after the new development of the coronary 
angiography11 and the already available cardiopulmonary bypass12 it became possible 
to perform coronary anastomoses with autologous vein between the aorta and the 
distal part of a stenosed coronary artery13•14• This event opened definitely the era of the 
direct coronary surgery and from this time onward coronary artery bypass grafting 
(CABG) became a routine treatment for coronary artery disease all over the world. 
The worldwide expansion of CABG, the growing number of performed CABG 
procedures, the progressive extension of the indication to larger groups of patients 
and the increasing need of CABG reoperations arose later a new issue: the choice of 
the graft conduit. The choice of graft conduit became crucial to the success of CABG 
because the patency of a coronary conduit is strictly associated with an uneventful 
postoperative course and a better long-term patient survival. Coronary surgery, which 
was developped to treat native coronary artery disease, had to face a new problem: 
vein graft disease 15• The causes of vein graft disease have been extensively investigated 
but, although some details in this process have been identified, vein graft atherosclero
sis remains an enigma 16• Vein graft disease causes a rate of graft occlusion of 19% at 1 
year, 25% at 5 years and 50% at 15 years 17• In addition, even if the vein grafts are 
patent, they can frequently be diseased, with a rate of significant stenoses of 48% at 5 
years and 81 % at 15 years 18• Late vein graft stenoses are considered to be more 
dangerous than native coronary artery stenoses and predict a high rate of death and 
cardiac events 15• These data can easily explain why vein graft disease is the leading 
indication for reoperation in coronary surgery 18•19• 

The solution of this complex problem was already present in the pioneering era of 
coronary surge1y. In fact, at the beginning of the seventies, Kolessov20 and Green21 

introduced the use of the left internal mammary artery (LIMA) as a graft for direct 
anastomosis with the left anterior descending artery (LAD). The use of the LIMA for 
coronary surgery gained acceptance slower than the use of the saphenous vein, because 
hai;vesting the L IMA is technically more demanding and time consuming than 
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INTRODUCTION 

harvesting the saphenous vein. However, the clinical and angiographic results of the 
use of at least one LIMA have been incomparably better than those of vein grafts and 
lead to a longer survival and cardiac event-free survival22

•
23

•
24, less reoperations and 

myocardial infarctions at follow-up25• In addition, the initial greater technical difficulty 
of LIMA harvesting translated itself only in an increase of operative time but not in 
morbidity and mortality26• In other words the use of the LIMA is only more time 
consuming than the use of the vein grafts, but does not affect the early outcome. 

The evident superiority of the LIMA to the saphenous vein for coronary surgery 
led, as an obvious consequence, to the use of both internal mammary arteries (IMAs) 
in an increasing number of patients with coronary artery disease. The use of both 
IMAs has demonstrated through the years to improve survival, to reduce the occur
rence of late myocardial infarction and the recurrence of myocardial ischemia27, 

without significant increase in perioperative morbidity or mortality28
. The possibility 

to perform complex coronary revascularization with more than 3 target coronary 
vessels was later demonstrated by Tector and associates, by using sequential, free and 
"Y" internal mammary grafts29

. 

Therefore the current trend of coronary surgery is toward a complete arterial 
revascularization also in patients with extensive coronary artery disease. However, the 
frequent need to revascularize the posterior descending artery had to face the obstacle 
of the disappointing results of the right IMA (RIMA) to this particular vessel3° . This 
fact encouraged the use of the GEA as a pedicled arterial graft suitable for the posterior 
descending arte1y31 • 

THE GASTROEPIPLOIC ARTERY AS A CORONARY BYPASS GRAFT 

Before the use of the GEA as a bypass graft surgeons were limited in performing total 
arterial revascularization in patients with three vessel disease. An additional vein graft 
was often needed to establish complete revascularization of the inferior wall. After the 
first publications on the GEA as a graft for the inferior wall32•33•34 in 1987, some 
surgeons started with the use of the GEA. At the beginning the GEA was used in 
patients with lack of other graft material and later on in routine cases as an adjunct of 
vein grafts. The GEA was the most logical alternative for vein grafts besides the two 
IMAs, because of 5 advantages: 
1 Like the IMA, the GEA can be used as a pedicled graft, with its natural proximal 

connection. There is no need for making proximal anastomoses on the aorta. 
2 The GEA being a pedicled graft, there is no need for side-clamping the aorta. This is 

particularly useful in patients with a diseased atherosclerotic ascending aorta. 
3 It is an arterial conduit, therefore the anastomosis with a corona,y arte,y is an "arte1y

to-arte1y" anastomosis between two vessels of comparable sizes. This will result in a 
laminar flow, without turbulence. 

4 No further incision is necessa,y. Neither leg incision, nor other incision for ha1vesting 
graft material are needed. 

5 The access to the stomach is easy and the GEA is ve,y close to the inferior wall of the 
heart. Ha1vesting the GEA is for the surgeon easier than ha1vesting the IMA or 
other arterial grafts like the radial arte1y or inferior epigastric artery. 
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CHAPTER l 

However, there will also be some disadvantages of the use of the GEA, but the inter
pretation of these disadvantages may be different for every surgeon: 
1 The abdominal cavity must be entered. 
2 The graft is not available after gastrectomy. 
3 Upper abdominal operations which may occur later on cany more risk because of the 

possibility of GEA damage. However, with a careful approach the risk of damaging 
the GEA in upper abdominal operation is low35•36• 

4 Operating time is slightly longe,: Reduction of operating time can be achieved with 
increasing experience. 

5 Long-term patency is still uncertain, although the midterm results are satisfacto,y. 
This question will be solved in the near future. 

Since 1989, the GEA is widely used in coronary artery bypass grafting, resulting in 
successful clinical reports about large series of patients37•38•39·40 . We reported in 1994 
about a series of 300 patients operated with the use of a GEA 4 1, in combination with 
one or two mammary arteries. Chapter 3-I I  deals with 256 patients operated with the 
use of three arterial grafts (LIMA, RIMA, GEA)42

• The results of these large series of 
patients are satisfactory. Overall mortality in these series ranges from 0.4 to 3.3 
percent and is less than 1.8% in primary CABG operations. The morbidity in these 
series is also low. Postoperative angiographic patency rate of the GEA graft varies 
from 78 to 100 % with a mean of 94 % for in situ grafts and about 80 % for free GEA 
grafts. Focal stenoses are rarely found in the GEA and are usually located at the site of 
the anastomosis, due to a technical failure such as 'kinking' or 'twisting' of the GEA in 
its pedicle. In these series 35·40 the patency rate of IMA grafts is between 95 to 100 
percent. The functional capacity of the GEA tested by stress myocardial scintigraphy43 

gives also satisfactory results. Supported by these results the GEA is now an accepted 
third arterial graft besides both IMAs for CABG operations. 

ANATOMY AND PHYSIOLOGY OF THE GASTROEPIPLOIC ARTERY 

Macro-anatomy 
The right GEA is a branch of the gastroduodenal artery, which is a branch of the 
hepatic artery with its origin in the celiac trunk. The GEA follows the course of the 
greater cUJvature of the stomach from the pylorus to the left gastroepiploic artery 
which is a branch of the splenic artery (Figure 1). 

In about 10% of the population the gastroduodenal artery has its origin in the 
superior mesenteric artery. This is relevant for postoperative angiography. The GEA 
lies in fatty tissue adherent to the greater omen tum, between the two layers of the 
gastrocolic ligament, with a large number of gastric branches for gastric blood supply 
and a few branches to the greater omen tum. The GEA usually has the same diameter 
as its target coronary vessel, although the size is more variable than the size of the 
IMA. The diameter of the GEA is wide at the proximal part and smaller at the distal 
part. Celiac angiograms have demonstrated that the GEA has the appropriate size 
( diameter more than 2 mm, 67%; 1.5 - 2.0 mm, 29%; less than 1.5 mm, 4%) and 
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Figure 1. A11a/0111y of the GEA. 
I. Coeliac Tiw1k 
2.  Gas1rod11ode1wl arte1y 
3. Righi Gas/roepiploic 11rle1y 

insert: !11 10% o
f 
!he pop11/a1io11 !he 

Gastrod11ode11a/ arte1y i.1· part 
of !he superior 111ese111eric arte1y. 

I N T R O D U CTI O N  

length (more than two-thirds along the greater cu1vature, 34%; more than half of the 
greater curvature, 95%; less than half of the greater cu1vature, 5%) for use as an in situ 
graft33• Overall length of the GEA varies from 17 to 24 cm (mean +/- standard 
deviation, 19 +/- 2 cm)44• Therefore we dissect the GEA rightward until its connection 
with the pylorus region of the stomach, and leftward up to half or two-third of the 
greater curvature, and we only use the proximal part in  the length necessary for 
reaching the coronary anastomosis site. The unused distal parts can be used for studies 
about biological and vasomotor properties of the GEA. The same is done with unused 
distal parts of the IMAs. 

Micro anatomy 
The micro anatomy of the GEA is different from that of the IMA. The intima is 
microscopically more or less similar, but the media of the GEA consists of smooth 
muscular tissue with a few elastic fibers instead of nearly only elastic fibers in the 
media of the IMA45 . Atherosclerosis in the GEA and IMA is mild to absent46 . The 
internal elastic lamina has only m inimal defects and the vasa vasorum· are confined to 
the adventitia. This is considered one of the reasons for the low susceptibility to 
atherosclerosis in both arteries. The GEA has slightly more intima thickening than 
the IMA, but significant luminal narrowing caused by atherosclerosis is rare. The 
GEA is always surrounded by fatty tissue in its pedicle, where the IMA has a pedicle 
with muscular tissue. The implication of this difference is unknown. In a recent study, 
postmortem histologic examination of pedicled IMAs and pedicled GEAs that had 
functioned as corona1y arte1y bypass grafts for a mean time of 34 months demonstrated 
only mild intimal hyperplasia in all IMA and GEA specimens47• 
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C H A PT E R  l 

Physiology 
The arterial grafts like the IMA and the GEA are maybe the best arterial conduits to 
use because they can be used as pedicled grafts with their natural proximal origin. 
More important for these vessels is the possibility to keep the same blood pressure and 
flow l ike in their natural environment  compared to the situation when they are used as 
a free graft with a proximal anastomosis on the ascending aorta. When the GEA is 
used as a free graft this vessel is very vasospastic due to a more pronounced hyperpla
sia of the media48, compared to a mild intimal hyperplasia when used as a pedicled 
graft47

• Besides the technical difficulties of making a good proximal anastomosis with 
free arterial grafts, this is possibly another reason for a lower patency rate of free 
arterial grafts. 

The arterial grafts like the IMA and GEA also share some biological characteris
tics which render them potentially superior to the vein graft in CABG operations. The 
vascular endothelium is of great importance because it regulates the vascular tone and 
platelet- vessel wall interaction by a mechanism l ike formation ofrelaxingfactors such 
as nitric oxide (NO) and prostacyclin (PGI2) .  Arterial endothelium cells have a high 
capacity to produce these endothelial dilators. As compared to the saphenous vein, the 
IMA and GEA have a high secretion of NO and prostacyclin which protect against the 
effect of constrictors and release of aggregating platelets49•50. The vascular endothelium 
regulates also the production of contractingfactors such as endothelin-1 and prostag
landin H 2 and thromboxane A2• The contractile effect of the vasoconstrictor peptide 
endothelin-1 on vascular smooth muscle can exceed those of norephinephrine (NA), 
angiotensin-11 and 5-hydroxy-tryptamine (5-HT) 5 1 • Another regulation mechanism of 
the vascular endothelium is activation and inactivation of endogenous vasoactive 
substances such as angiotensin-I and bradykinin52

• The activity of angiotensin convert
ing enzyme (ACE) which converts angiotensin-I into the more potent vasoconstrictor 
peptide angiotensin-11 and inactivates bradykinin, is more pronounced in the saphen
ous vein compared to the IMA and the GEA53 . The most important component of the 
media are the vascular smooth muscle cells. They can regulate the vascular tone, 
secrete substances, and proliferate and all these factors are important for graft ftmc
tion. In vein grafts proliferation of intima and media starts as soon the graft is placed 
in the arterial circulation. In IMA and GEA these changes are much less common54•55. 
The response of the arterial grafts to pharmacological agents is of great importance 
both in the early and in the late results of myocardial revascularization. 

The concentration-contraction relation of both IMA and GEA to ergonovine, 
serotonin, and phenylephrine show sigmoid curves, with similar 50% effective dose 
value for these agents between IMA and GEA56 . Noradrenaline and dopamine pro
duce comparable dose related constrictions in IMA and GEA. The response to 
potassium is greater in the GEA than in the IMA. Thromboxane and 5-hydroxytryp
tamine are more efficacious in their constriction of the IMA compared to the GEA, 
but their potencies are similar57. Relaxation responses to metacholine and sodium 
nitrite are similar in the GEA and the IMA. In contrast bradykinin induces potent 
relaxation in the GEA, not in the IMA58 • The resemblance of relaxation induced by 
methacholin and sodium nitrite in both the IMA and the GEA suggests a similar 
activation and behavior of the L-arginine pathway in both arteries. The difference in 
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bradykinin-induced relaxation could reflect a prostaglandin metabolism i n  the GEA 
different from that in the IMA, although others have not found evidence for this. 
Histamine induces endothelium-dependent relaxations only59• 

TH E GEA AS A BYPASS GRAFT; TH E GRONI NGEN EXPERI ENCE 

I n  1 988 there was already a trend toward an increase of arterial grafting in coronary 
artery bypass surge1y. The standard operation at that time was the combination of one 
mammary artery (most of the time the LIMA) and a vein graft. After the first publica
tions in 1 988 and 1 989 about the GEA as a bypass graft, we started in September 1 989 
with the first elective GEA procedure. The GEA was in the beginning chosen for 
selected patients and in most cases combined with the L IMA. At the end of 1 989 we 
started with the use of three arterial grafts, LIMA, R IMA and GEA in patients with 
three vessel disease. Until the end of 1996 we operated on 790 patients with the use of 
the GEA. I n  435 (55%) patients the use of the GEA was combined together with the 
LIMA and the R IMA. In two-thirds of the patients the LIMA was anastomosed to the 
LAD and the R I MA to branches of the circumflex artery (CX) (Figure 2). 

Figure 2. 
Operation with the 11se of three arterial 
grafts: 
LIMA-LAD (left anterior descending) 
RJMA-CX (circ11111flex arte,y) 
GEA-RDP (right posterior desce11ding) 
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1 40 

1 20 
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1 989 1 990 1 991  1 992 1 993 1 994 

D Total number of patients operated with the use of a GEA 

1 995 1 996 

� Patients operated with the use of three arterial grafts: Lll'v!A /RIMA/ GEA 

Figure 3. ReMscularization with the use of the GEA; the Gro11i11ge11 experience. 

In the other patients the LIMA was anastomosed to the CX artery branches and the 
RIMA to the LAD crossing the midline. In Groningen, the use of the IMA increased 
during the last ten years from nearly zero in 1984 till 97% in 1996 in patients at the 
first coronary bypass operations. In 1996 the GEA was used in 11 % of all the CABG 
operations. 

The distribution of the use of the GEA over the period 1989- 1996 is shown in 
figure 3. In the group of operations where we used the GEA there is an increase in the 
use of the three arteries (LIMA/RIMA/GEA). In 1996 sixty-one percent (75/123) of 
the patients operated with the use of the GEA were operated with both IMAs in 
combination with the GEA. 

All the 790 patients who received a GEA graft were operated on by 15 different 
surgeons, but the number of operations varies from 1 to 340 for the different surgeons. 
This is the main reason of the "learning curve" described in our article22 dealing with 
the results of the first 300 patients who received a GEA graft. In addition, 79% of the 
total amount of patients who received a GEA graft were operated by 3 surgeons only. 
The duration of the operation showed a gradual reduction of time during the last 
seven years. The mean operating time for three vessel disease with the use of LIMA/ 
R IMA/GEA was reduced from 255 minutes to 190 minutes. 

Table I shows the relation between the number of anastomoses with the duration 
of the operation during a seven year period (mean ± SD). Only patients who received 
LIMA/RIMA/GEA as a primary operation are shown. 
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1 989 1990 

278±8 6 255±6 6  
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1t1ble I, Reduclion of opemling lime by increasing experience. 
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204±3 1 

206±2 5 

234±3 6 

6 1  

N= N11111ber of patients, a1wst. = 1111111ber of distal a11asto111oses. 
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1 994 1 995 N 

1 86±3 8  1 90±34 1 4 1  

1 90±24 1 92±35 144 

232±95  2 1 0±5 1 32 

305 5 

5 8  7 6  322 

This table shows that it is possible to do total arterial grafting for three vessel disease 
in a reasonable time varying from 2.5 till 4 hours. This little extra surgical work is 
probably of great importance for the patient's future well-being. By using the GEA in 
combination with both IMAs it is possible to perform a CABG operation without the 
use of vein grafts. Current and future clinical and angiographic studies will give the 
definitive answer to the benefit of the extensive use of arterial grafts in coronary 
surgery. 

THE AIM OF THE STUDY 

The aim of this thesis is to investigate the clinical results in patients operated for 
ischemic heart disease with arterial grafts including the GEA. With the use of these 
arteries we are able to evaluate the differences in vasomotor properties between GEA 
and IMA. In addition, the endothelium responses of the gastroepiploic and internal 
mammary artery to vasoactive substances like metacholine, sodium nitrite and 
bradykinin will be assessed and compared in Chapter 2. The hypothesis is that the 
intrinsic characteristics, and therefore the expected patency of the GEA graft, is 
analogous to those of the IMA graft. For this purpose patients who received q GEA 
graft have been studied by angiography one year after surgery or later. This is described 
in Chapter 3-1. In Chapter 3-2 the use of three arterial grafts in patients with three
vessel disease is described and the clinical results after mid-term follow-up are 
discussed. In Chapter 3-3 the promising results of long-term follow-up (7-years) of 
the same patients as in chapter 3-2 are described. The use of the GEA graft in redo
operations via a minimally invasive approach through a small laparotomy without 
cardiopulmonary bypass is described in Chapter 4. The introduction of a new tech
nique is sometimes associated with the introduction of new complications. Two 
extreme GEA-related complications are described in Chapter 5. 
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ABSTR ACT 

Internal mammary artery grafts have a greater long-term patency rate than do saphen
ous vein grafts. This has in part been attributed to the difference in endothelial 
function of arterial and venous vessels. The use of the gastroepiploic artery in coronary 
bypass grafting has become popular recently because of its similarity to internal 
mammaty artery. In this study, we compared the endothelial responses of gastroepiploic 
and left internal mammary artery to vasoactive substances. 

Gastroepiploic and left internal mammary arteries were obtained during surgery 
from patients undergoing elective coronary bypass surgery. Vascular rings of both 
grafttypes were studied in organ baths experiments. Relaxation responses to metha
choline and sodium nitrite were similar in rings of both arteries. In contrast, braclykinin 
induced potent relaxations in rings of the gastroepiploic artery but not in rings of the 
left internal mammary artery. Furthermore, there was a inverse correlation of maximal 
methacholine induced relaxations with increasing age. 

The resemblance of relaxations induced by methacholine and sodium nitrite in 
both gastroepiploic and left internal mammary arteries suggests a similar activation 
and behaviour of the L-arginine pathway in both arteries. The difference in bradykinin 
induced relaxations may reflect a prostaglandin metabolism in the gastroepiploic 
artery different from that in the left internal mamma1y artery. Furthermore, maximal 
methacholine induced relaxation in rings of the left internal mammary artery shows an 
age-dependency which was not obse1ved in rings of the gastroepiploic artery. 

INTRODUCTION 

Coronary bypass conduits are used as an alternative to diseased coronary arteries, 
which are inadequate to supply the myocardial tissue with sufficient oxygen and 
nutrients. Therefore, it is important to choose an conduit with a high long-term 
patency rate expectancy. Numerous long-term fol low-up studies have shown that 
coronary bypass grafts such as internal mammary arteries have a greater patency rate 
than the traditionally used venous grafts. 1•4 

. One of the causes of the frequently observed venous graft occlusion may be 
increased interactions between platelets and the vessel wall.4•5 The intact endothelium 
releases endothelium derived relaxing factor (EDRF), probably nitric oxide,6•7 a 
potent vasodilator and inhibitor of platelet adhesion and aggregation, through stimula
tion of the soluble guanylate cyclase in both smooth muscle cells8

•
9 and platelets. t0· 1 2  

Nitric oxide is  released under both basal 1 3• 1 4  and stimulated conditions ( e.g., increase 
in blood flow, after stimulation with acetylcholine and thrombin).9• 15• 1 6  

With isolated internal mammary arteries and saphenous veins, several studies 
have shown that endothelium dependent relaxations are more pronounced in the 
arterial vessels than in the venous vessels; hence, endothelial function is diminished in 
veins. 1 1• 1 9  It was suggested that this difference in endothelial function may contribute 
to a higher patency rate among arterial grafts than among venous grafts. 1 7  This indi-
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cates the importance o f  characterizing the properties and mechanisms o f  the different 
grafttypes to understand pathophysiological events. 

Use of the gastroepiploic artery in coronary bypass grafting has become popular 
recently because of its similarity to the internal mammary artery.20·22 However, only a 
very limited number of studies have investigated the properties of gastroepiploic 
arteries concerning the regulation of vascular tone. Therefore, in this study we estab
lished and compared the endothelial responses of gastroepiploic and left internal 
mammary arteries to vasoactive substances. 

MErHODS 

Human gastroepiploic (from 13  men; mean age 56.3 years; age range 43-70 years) and 
left internal mammary arteries (from 18 men and 5 women; mean age 61.3 years; age 
range 43-76 years) were obtained intraoperatively from patients undergoing elective 
coronary bypass surgery. In nine cases, both gastroepiploic and left internal mammary 
arteries were obtained from the same patient (nine men; mean age 57.1 years; age 
range 43-70 years). 

During the operation, the arteries were dissected free in such a way that they 
remained in their original anatomical environment and remaining parts were col
lected as previously described by Luscher and colleagues. 17 These segments were 
placed in a buffer solution of the following composition (mM): NaCl, 120.4; KCI, 5.9; 
CaC12, 2.5; MgCl2, 1.2; NaHlO4, 1.2; glucose, 1 1.5; NaHCO3, 25.0; continously 
aerated with 95% 02

-5% CO
2

. Then, the vessels were dissected free, cleaned of 
surrounding tissues and cut into several rings (2 mm) with a sharp razor blade. Care 
was taken to not disrupt the integrity of the endothelium. Rings were mounted in 1 5-
ml organ baths containing the above-mentioned buffer solution at 37°C and connected 
to an isotonic displacement transducer. Rings were given a preload of 1 .4 g and 
allowed to equilibrate for 60 minutes, during which regular washing periods were 
performed. 

Rings were then precontracted with 1 0·5 M phenylephrine, and relaxations were 
evoked by cumulative addition of methacholine (10·8 to 10·5 M) or bradykinin ( lO· IO to 
1 0·6 M). In some rings, dose-contraction curves in response to phenylephrine ( 10·8 to 
1 0·4 M, cumulative addition) were made, followed by dose-relaxation cu1ves to 
sodium nitrite ( 1 0'5 to 1 0·2 M; cumulative addition). 

To make direct comparisons between the two types of arteries, we compared the 
results obtained with gastroepiploic and left internal mammary arteries gathered from 
the same patient ( combined gastroepiploic and left internal mammary artery). Moreo
ver, we analysed the results obtained with all gastroepiploic and left internal mammary 
arteries collected from different patients (pooled gastroepiploic and left internal 
mammary arteries). 
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STATISTICAL ANALYSIS 

Relaxation-related displacements were calculated as percentage of the previously 
established phenylephrine induced contraction. These responses are expressed as 
mean± SEM. IC50 is the concentration of vasodilator that produces 50% of the 
maximal relaxation, and EC50 is the concentration agonist that produces 50% of the 
maximal contraction. Both IC50 and EC50 were calculated with a computer program 
based on the equation 1/E= (K/EmJ*(l/C)+ l/E1111" 

(Lineweaver-Burk plot),23 in 
which E is the effect, E is maximum effect, C is concentration, and K is a numeric 
constant, and expresse�l";s negative log (pIC50 and pEC50) .  Also, Em," was derived by 
this method if it could not be determined from the dose-response curve. These 
estimated parameters are presented as mean± 95% confidence limits. Student's paired 
or unpaired t test or F ANOVA was used for statistical calculations. Correlations 
between percent relaxation and age were calculated by least squares linear regression 
analysis. A value ofp <0.05 was considered statistically significant. 

RESULTS 

Combined Gastroepiploic and Left Internal Mammary Artery 
Contractions to 10-5 M phenylephrine in rings of gastroepiploic arteries were charac
terized by a large, initial phasic response (peak), during which spontaneous oscil la
tions occured frequently, that was followed by a somewhat lower, more stable phase 
(plateau). In rings of the left internal mammary artery, the phasic response as well as 
spontaneous oscillations rarely occured. Furthermore, in eve1y pair of gastroepiploic 
and left internal mammary arteries, received from the same patient, contractions were 
consistently larger (p < 0.001) in rings of gastroepiploic arteries (Figure 1) ;  average 
contraction ratio of gastroepiploic to left internal mammary artery was 2.6: 1 . 0  
(Figure 2). 

LIMA 

f- -5 min --� 

Figure I. 
1J'pical recording of a11 iso/011ic co11tmction of 111'0 rings 
of tl,e gastroepiploic arte1y (GEA) and tl,e left illfemal 
111a111ma1y arte1y (Lll\1A), bot/, obtained from tl,e same 
patient, induced by addition of 10-5 M pl,e11ylepl,rine (PE). 
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Fig11re 2. 
Bar gJ'llph of co111pariso11 of the relatil'e 
co11/mctio11 size to J0·5 !vi phe11ylephri11e of 
rings of left i111emal 111a111111wy arte1y (LIMA) 
a11d gasrroepiploic arte,y (GEA). The ave/'llge 
co11/mctio11 of LIMA \Vas set to 011e, a11d 
results are shown as 111ea11 ±SE!ltf. Both 
arteries 1vere obtained from the s11111e p11tie11t; 
there 1vas a total of 11i11e patie11/s. Co11/J'llctio11 
size 1v11s sig11ific1111tly (p <0. 001) larger i11 rings 
of the GEA co111p11red IVith LJMA. 

The dose-response relations for methacholine are given in figure 3. Methacholine 
induced relaxations were not significantly different in gastroepiploic and left internal 
mammary arteries. The estimated E"'"' values were -35.9± 7.4% and -46.4±3.5% for 
rings of gastroepiploic and left internal mammary arteries, respectively. Also the 50% 
effective doses were similar; plC50 was 6.30 ± 0.28 and 6.47± 0.30 for rings of gastro
epiploic and left internal mammary arteries, respectively. 

The dose-response relations for bradykinin are given in figure 4. Bradykinin 
induced relaxations were significantly different (p < 0.001) in gastroepiploic and left 
internal mammary arteries. Although these relaxations were very prominent in rings 
of gastroepiploic arteries, in rings of left internal mammary arteries they were virtu
ally absent. This finding holds true for every individual gastroepiploic-left internal 
mammary arteries pair received from the same patient. The maximal relaxation was 
-69.5±4.1 % and the 50% effective dose was 8.1 6± 0.17 for rings of gastroepiploic 
arteries. 
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Fig11re 3. 
Co11ce11tmtio11-rel11.ratio11 c111ve to 
111ethacholi11e i11 rings of the gastroepiploic 
(GEA) a11d leji i11temal 11u1111111wy arte,y 
(LIMA), co11/J'llcted ll'ilh JO·-' M phe11yl
ephri11e. Results are sl,011111 as 111ea11 ±SEM 
a11d e,pressed as percentage of the i11itial 
respo11se to phe11ylphri11e (PE). Both arteries 
\Vere obtained fi'0111 the same patient; there 
was a total of 11i11e patie11/s. Methacholi11e 
i11d11ced relax11tio11s ll'ere 1101 sig11ifica11tly 
different i11 ri11gs of both arteries. 
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Pooled Gastroepiploic and Left Internal Mammary Arteries 
The pooled results of all gastroepiploic and left internal mammary arteries confirm 
the observations as described above as there were no significant differences ( data not 
shown). In additional experiments, we found that although maximal contractions to 
phenylephrine are larger in rings of gastroepiploic arteries (see also above), the 50% 
effective dose phenylephrine was similar in both grafttypes; pEC50 was 6.64±0.28 and 
6.33±0.29 for rings of gastroepiploic and left internal mammary arteries, respectively. 

The close-response relations for sodium nitrite are given in figure 5. Sodium nitrite 
induced relaxations were not significantly different in gastroepiploic and left internal 
mammary arteries. The 50% effective dose was similar; plC50 was 3.33± 0.26 and 
2.92±0.33 for rings of gastroepiploic and left internal mammary arteries, respectively. 
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Figure 4. 
Co11ce11tratio11-relaxatio11 c111ve to 
bradyki11i11 in rings of tl,e gastroepiploic 
(GEA) and left intemal 11w111111a1y arte1y 
(LIMA), co11tracted 1vitl, 10-5 1\1 pl,enyl
epl,rine. Results are sl,01v11 as mean ±SEM 
and e.1pressed as percentage of tl,e initial 
response to pl,e11ylepl,ri11e (PE). Bot/, 
arteries 1vere obtained ji'Ol11 tl,e same 
patielll; tl,ere was a total of 11i11e patients. 
Bmdyki11i11 induced relaxations were 
sig!ficantly (p<0.001) larger in rings of 
tl,e GEA compared wit!, Ll/\llA. 

Figure 5. 
Co11ce11tratio11-relaxatio11 c111ve to sodium 
nirite in rings of tl,e gastroepiploic (GEA) 
and left i11temal 111a111ma1y arte,y (Lfi\1/A), 
contracted wit!, 10 -5 1\1 pl,e11yl-epl,ri11e. 
Results are sl,01v11 as mean±SE/\1 (11 =6) 
and e.1pressed as percentage of tl,e initial 
response to pl,e11ylepl,ri11e (PE). Sodium 
nitrite induced relaxations were 1101 
sig11iftca11tly different in rings of bot/, 
arteries. 
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A significant correlation (r= -0.6 15 ,p =0.002) was noted between the increment in 
age and decrement in the maximal ,  methachol ine induced relaxation in rings of left 
internal mammary arteries (Figure 6) . Such an age-dependent correlation was not 
found in gastroepiploic arteries for neither methachol ine nor for bradykinin .  How
ever, in the latter group the smaller number of patients has to be taken into account 
( 1 3  and 23 for gastroepiploic and left in ternal mammary arteries, respectively). 
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Figure 6. 
Scalle1p/01 of the correlatio11 be/J\!ee11 the 
111axi111al 111ethacholi11e i11d11ced re/axalio11 
( e_1pressed as the percentage of the initial 
phe11ylephri11e f PE/ induced co11tractio11) in 
leji i11lemal 111an1111a,y arte1J\ a11d the age of 
the patie11t fro111 which it 1vas obt11i11ed. Eve1y 
triangle represents a11 individual experi111e11t 
(23 i11 total). Best-fit li11e for 11 1e///(/choli11e is 
y=98. 7- 1.26.r (r=-0.6 15 ,  p=0.002). 

Long-term fol low-up studies have shown that the patency rate of internal mammary 
artery grafts was better than that of saphenous vein grafts. 1 -4 Among the theories that 
have been proposed to explain this d ifference in patency are the preservation of the 
vasa vasorum and lymphatic drainage in the intact i nternal mammary artery pedicle 
and the s imilarity in size between i nternal mammary artery and coronary arteries, but 
these factors alone cannot account for the superiority of internal mammary artery 
grafts. An important  additional factor may be differences in biological properties of 
arterial and venous grafts 1 7, 1 9• 

Yang and colleagues 19 showed the abi l i ty of the endothel ia l l in ing of internal 
mammary arteries to produce more n itric oxide than that of saphenous veins. In endo
thelial cel ls, n itric oxide is cleaved from its precursor, the amino acid L -arginine, by 
specific enzymes 7•24•25 • By means of the methylated amino acid N°-monomethyl L
arginine (L-NMMA), this pathway for the formation of nitric oxide can be inh ibited26·28, 
which was also shown in the internal mammary artery. Nitric oxide stimulates the 
soluble guanylate cyclase and thereby the formation of cycl ic GMP (cGMP), in both 
smooth muscle cells, causing vasodilat ion, and in  platelets, causing inhibition of 
aggregation s- 1 2• In th is  way, the intact endothelium may have a protective role  in 
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preventing vasospasm and thrombus formation. The. endothelium dependent relaxa
tion to methacholine can be regarded as a marker for the endothelium to produce and 
release nitric oxide. Activation of the endothelial L-arginine pathway is different in 
veins and arteries, as reflected in a diminished relaxtion to acetylcholine in saphenous 
veins 11-19• 

In  the present study, direct comparisons were made between responses of rings of 
the gastroepiploic and left internal mammary artery, received from the same patient. 
Relaxations to methacholine were similar in both arteries, both in terms of affinity 
and maximal relaxation. Also, the endothelium independent relaxations to sodium 
nitrite, which activates the soluble guanylate cyclase directly, was similar in both 
arteries. These findings suggests that activation of the endothelial L-arginine pathway 
and the soluble guanylate cyclase may be similar in gastroepiploic and left internal 
mammary artery. Furthermore, this would implicate that the concept of a possible 
protective role of the endothelium, as described above, contributing to the higher 
patency rate of internal mammary arteries, is also applicable to gastroepiploic arteries. 
Although a high long-term patency rate of gastroepiploic artery grafts has yet to be 
proven, the results of a short-term follow-up study show that patency rate of the 
gastroepiploic artery is comparable to internal mammary artery20

. 

In  contrast to methacholine, bradykinin induced virtually no relaxations in rings 
of the left in ternal mammary artery, but very potent relaxations in rings of the gastro
epiploic artery. The maximal, bradykinin induced relaxation was even consistently 
larger than the maximal, methacholin induced relaxation in rings of the gastroepiploic 
artery. Although the setup of the study cannot reveal the exact contribution of the L
arginine pathway, one might speculate that bradykinin stimulates the L-arginine path
way to a greater extent than does methacholine in t he gastroepiploic artery. A more 
pausible explanation may be the involvement of the cyclom,')'genase pathway in the 
gastroepiploic artery. Using indomethacin to block the cyclooxygenase pathway and, 
hence, prevent prostacyclin-induced relaxation, it was revealed that methacholine 
induced relaxations in the internal mammary artery is not mediated by cyclooxygenase 
products 19• Bradykinin is well known to stimulate the cyclooxygenase pathway, in 
contrast to methacholine. The difference between bradykinin induced relaxations in 
gastroepiploic and left in ternal mammary artery may reflect the absence of bradykinin 
receptors in left internal mammary artery or a difference in prostaglandin metabolism 
between both arteries. 

The data presen ted here show that the endothelium of the gastroepiploic artery is 
highly responsive to methacholine and sodium nitrite as well as bradykinin, to which 
the left internal mammary artery does not respond. These obse1vations alone could 
suggest that the gastroepiploic artery should not be prone to postoperative spasm. 
However, postoperative spasm of the internal mammary artery29 as well as the 
gastroepiploic artery grafts has been decsribed,22 which suggests that other mecha
nisms are involved, although unknown at present. 

An important clinical implication can be the benificial use of angiotensin convert
ing enzyme (ACE) inhibitors in gastroepiploic artery grafts. ACE not only promotes 
the conversion of angiotensin I to angiotensin II, a potent vasoconstrictor, but also 
de.gradates bradykinin into vasoinactive substances. Therefore, ACE inhibition may 
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promote the vasod i latory effects o f  bradykin in  i n  the gastroepiploic artery. This could 
also have important impl ications for the patency rate of gastroepiploic artery grafts in 
relation to its prostaglandin metabolism, which, as we indicated above, may be d iffer
ent from i nternal mammary artery. Both the gastroepiploic and internal mammary 
artery produce more prostacycl in than does the saphenous vein30·3 1 • Prostacycl in ,  l i ke 
n itric oxide, is a potent vasod i lator and inh ibitor of platelet aggregation, a l though its 
actions are mediated by cAMP rather than cGMP 3 1 ·32• The superior patency rate of 
internal mammary artery, compared with saphenous vein,  has also been attributed in 
part to its abi l i ty to produce more prostacycl in ,  which , just l i ke nitr ic oxide, is  thought 
to have a protective role  against vasospasm and thrombus formation 311•3 1 • 

Another interest i ng finding is the inverse correlation between the maximal 
methacholine induced relaxation in left internal mammary artery and the age of the 
patient from whom it  was col l ected. There is a remarkable s imi lari ty in this relation 
and the maximal thrombin i nduced relaxat ion in isolated human bas i lar artery with 
increasing age33• However, no such relat ion existed between maximal relaxation 
responses to calc ium ionophore A23 187, sodium n itroprusside and bradykinin 33• 

We could not show a relation of maximal relaxation with increasing age in gastroepi
ploic arteries with either methachol ine or bradykinin .  It has to be stressed, however, 
that the number of investigated gastroepiploic arteries is probably too small to reveal 
a possible relation with increasing age. 

In conclusion, this study shows that methachol ine and sod ium nitr i te i nduced 
relaxations were not d ifferent in  rings of gastroepiploic and left internal mammary 
artery, which suggests a s imi lar activat ion and behaviour of the L-arginine pathway in  
both grafttypes. Bradykin in induced no relaxat ion in r ings of left internal mammary 
artery but very potent relaxation in rings of gastroepiploic artery. Further studies with 
gastroepiploic arteries should be done, using preparations with and without endothe
lium i n  order to establ ish its exact role. Moreover, specific inh ib i tors l i ke L-NMMA, 
wh ich b locks the L-argin i J1e pathway, and indomethacin, which rules out the effects 
prostaglandins derived from the cyclooxygenase pathway, should be used . Finally, 
there appears to be a inverse correlat ion of maximal methachol ine induced relaxation 
in  left internal mammary arteries with increasing age. Such a relation could not be 
demonstrated in gastroepiploic arteries with either methachol ine or bradykinin .  
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S IR  - In  postmarketing experience with sumatriptan, angina-like pain was reported but a 
cardiac cause has not been found yet1 • Transmural myocardial infarction after 
sumatriptan has been described in a 47-year-old woman with no history of diabetes 
mellitus, Raynaud's phenomenon, hypertension, angina, or pre-existing vascular 
disease2• MacIntyre et al3 reported that subcutaneous sumatriptan causes a vasopressor 
response in the systemic and pulmonary arterial circulations and even coronary artery 
vasoconstriction in patients undergoing coronary arteriography. By contrast, in-vitro 
studies show that, although sumatriptan may cause vasoconstriction in human epicar
dial arteries, these responses are small4, which suggests that under resting conditions 
the cardiovascular effects of sumatriptan might be less important. Here we describe 
the potentiation of o:-adrenergic vasoconstriction in human arteries by sumatriptan. 

Segments of gastroepiploic (GEA) from 3 male patients (mean age 50 [SE 3] 
years) and internal mammary arteries (IMA) from 4 male and 1 female patient (58 
[6]) were obtained intraoperatively during elective coronary artery bypass surgery. 
Two vascular rings from the same arterial segment were studied in parallel in organ 
baths 5. One ring was stimulated with 10 mmol/L phenylephrine ( control, defined as 
1 00%) before a clinically effective concentration of 80 ng/mL sumatriptan was added 
( Figure 1). 

Sumatriptan caused a significant additional vasoconstriction in IMA ( + 37[4]%, 
p < 0.001) and GEA ( + 60[8]%, p=0.017). When sumatriptan was added to the 
unstimulated parallel ring, no changes in diameter were observed ( +5 [ 4)% and +4  
[3]% for IMA and GEA, respectively). However, the vasoconstriction induced by 
subsequent addition of 10 mmol/L phenylephrine was significantly enhanced in both 
IMA ( +37 [6], p= 0.004) and GEA ( + 57[6]%, p=0.012) compared with the control 
response. 

Thus sumatriptan can potentiate the in-vivo vasoconstrictive action of catechol
amines, which might also explain the differences between in-vitro and in-vivo observa
tions described above. We do not know whether sumatriptan also potentiates other 
vasoconstrictors. Potentiation of o:-adrenoceptor-mediated vasoconstriction might be 
part of the mechanism involved in cardiovascular changes after sumatriptan. 
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Figure 1. 7ivo tmcings of an in vitro e.1peri111ent ill11strating the potentiating effects of.11111111/riptan on 
a-adre110ceptor-mediated vasoco11striction in lwma11 arteries 111itlt ji1nction11lly i11tact endothelium. Excessive 
segments of the gastroepiploic 11rte1y (GEA) 1vere obtained illlmopemtively ji'om patients u11dergoing CABG. 
7ivo v11scu/11r ring prepamtions 111ere cut from the sm11e arterial segment and st11died for isotonic dfap/acements 
11jier pltamwcologic sti111ulation during O1ga11 bath e.,periments - up111ard strokes indicate a decrease in 
vascular diameter resulting from vasocomtrictio11. 
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Note that administmtion of su11wtript11n to an arterial ring previously stimulated and precontmcted 1vitlt JO 
;11nol. L·1 pltenylepltrine (PltE, set to 100%) caused significant additional vasoconstriction (to 168%, upper 
tracing), 1 11/,i/e the s11111e doses of su111ntriptnn exerted no effect ll'hen administered to a previously 
unsti1111t!ated pamllel arterial ring at baseline (lower tracing). Also note that subsequent sti11111/ation 1vitlt Pit£ 
(i.e. with s111natriptan still present, lower tracing) resulted in a significantly more pro1101111ced vasoconstriction 
in the latter ring (to 165%), as compared to the former (i.e. PltE-ind11ced vasoconstriction (to 100%) before 
11d111inistration of s1111wtript11n, upper tracing). 

Addition of the endotlteliu111 -depende11t vasodilator bradykinin (BK, 0.1 ;11110I. L ·1) res11/ted in 
prono1111ced re/a.ration of both rings, s11ggesting the presence of fi111ctionally intact endotlteli11m. Subsequent 
addition of the endotlteli11m-independent vasodilator sodi11111 nitrite (SN, JO ;11110/.L ·1) fi1rtlter relaxed the 
arte1y up to total reve1:wl of vasoconstriction, demonstrating intact v11sodi/11tor capacity of vascular s111001!, 
muscle cells. See also chapter 2-1. 
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ULTRA MINI ABS TRACT 

After a "learning curve" graft patency of 300 right gastro-epiploic arteries was 95% and 
virtually equaled graft patency of the internal mammary grafts (97% ), assessed by 
coronary angiography at a mean of 10 months after the CABG operat ion. 

ABSTRACT 

From September 1989 to September 1992, the right gastro-epiploic artery (GEA) in 
combination with one or both mammary arteries (IMA) was used as a graft in 300 
patients who underwent coronary artery bypass grafting. The GEA was the primary 
choice in preference to the saphenous vein. There were 263 men and 37 women, 
ranging in age from 3 1  to 77 years (median age 59 years). Thirty-nine patients ( 13%) 
underwent previous bypass procedures with autologous vein grafts. In 17 patients 
(5.7%) the GEA was used as a single graft. In 1 50 patients (50%) the GEA was used 
in conjunction with one IMA (in six patients combined with a vein graft). In 1 33 
patients ( 44.3%) the GEA was used with both IMAs. Revascularization in 9 patients 
(3%) was combined with another cardiac procedure; three aortic valve replacements, 
two mitral valve repairs, and four resect ions of a left ventricular aneurysm. Ten 
patients died in hospital (3.3%; 70% CL 2.3-4.8% ); two of these patients had an 
infarction in the area revascularized by the GEA. At late follow-up; 0.5 to 39 months 
(mean 14 months) after the operation, we found no mortality. One patient with an 
occluded GEA graft was reoperated with the use of the right IMA. One patient under
went PTCA after occlusion of the GEA. Elect ive recatheterization was performed in 
eighty-eight patients 1 to 25 months postoperatively (mean 10 months). Graft patency 
in GEA increased steadily from 77% in the f irst semester of the study to 95% in the 
fourth semester and then equaled the patency of the I MA grafts (97%) that was almost 
constant during the whole period. We conclude that patency of the GEA was init ially 
related to a "learning CULve" but eventually equaled that of the IMA grafts. Further
more, the GEA may well be the graft of choice in conjunction with the IMAs. 

INTRODUCTION 

Longterm patency of internal mammary artery (IMA) grafts is superior to that of 
saphenous vein grafts and is leading to an increasing use of this arterial bypass 
condui t.1 •2•3 However, both mammary arteries are usually not enough for total arterial 
myocardial revascularization in three vessel coronary artery disease. Several 
reports4

•
5

·
6
•
7

•
8 suggested the right gastroepiploic artery (GEA) to be a promising 

arterial bypass condui t  as an adjunct to the mammary arteries because of i ts equal size, 
free flow and length 9, i ts comparable pharmacological responses 10· 1 1  and i ts low 
suscept ibility for atherosclerosis.9• 1 2• 1 3  Therefore, our hypothesis was that the patency 
of the GEA graft would be analogous to those of the IMA grafts. In order to determine 
the patency of the grafts elective angiography was performed in a subgroup. 
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PATIEN TS AND METHODS 

Patient Population 
The last ten years there was an increase in the use of arterial grafts and a strong 
decrease in the use of only vein grafts for myocardial revascularization in our institu
tion. The number of reoperations was almost constant over the last four years (Figure 1) .  
Between September 1 989 and September 1992, 300 patients underwent myocardial 
revascularization with the use of the GEA graft. The GEA graft was the primary 
choice in preference to an autologous saphenous vein graft. There were 263 men and 
37 women with a median age of 59 years (range: 3 1  to 77 years) (Figure 2) . Preopera
tive patient characteristics are shown in table I. 

Chronic stable symptoms of angina were present in 194 patients (64.7%) and 1 06 
patients had unstable symptoms (35.3% ). A previous myocardial infarction was 
experienced by 1 59 patients (53%) and 9 patients (6.3%) had more than one infarction. 

One previous coronary artery bypass grafting operation (CABG) with saphenous 
vein grafts was performed in 39 patients ( 1 3% ), 2 patients had two previous CABG 
operations and 1 patient had a previous aortic valve replacement operation. The GEA 
was used as a solitary bypass graft in 17 patients. The GEA in combination with one 
IMA (149 left IMA grafts, 1 right IMA graft, and 6 additional vein grafts) was used in 
150 patients, and in 1 33 patients we used the GEA and both IMA grafts. In 9 patients 
myocardial revascularization was combined with another cardiac procedure: three 
aortic valve replacements ( one aortic homograft) and two mitral valve repairs, and 
four resections of a left ventricular aneurysm ( once combined with cryo-ablation for 
ventricular tachycardia). 

A sequential arterial graft was employed in 1 6 1  patients, a sequential IMA graft in 
1 37 patients ( 46%) and a sequential GEA graft in 24 patients (8% ). A free GEA graft 
was used in only 2 patients. Elective angiography was performed in the 88 patients of 
the first 170 GEA operations who were willing to undergo this procedure after written 
informed consent. Angiographies were preformed 1 to 25 month (mean 1 0  month) 
postoperatively. 

N % 

Hypercholesterolemia 1 5 6 5 2  

Diabetes 23 7 . 7  

Myocardial infarction 1 5 9  5 3  

More than one infarction 9 6 . 3  

PTCA 37 1 2  

NYHAclass I I  20  7 

class I I I  1 74 5 8  

class rv 1 06 3 5  

Table I. Patie11/ characteristics. 
Reoperation 39 1 3  
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Technique of the operation 
The standard median sternotomy was extended 5- 10  cm caudally. After harvesting one 
or both l MAs the peritoneal cavity was opened. The GEA was dissected with the use 
of two surgical clips (HemoclipR, medium, Weck & Co.Inc.) on each side-branch to 
the stomach and omen tum. The branches were divided by electro-coagulation. The 
GEA was dissected leftwards to two thirds of the great cmvature of the stomach and 
proximally to the pylorus. After systemic heparinization the distal part of the GEA 
graft was divided, 0.5 ml of a solution of papaverine (0.1 mg/ml) was gently injected 
into the distal part of the graft. The routing of the GEA to the pericardia! cavity was 
anterior to the pylorus and the left lobe of the liver. An incision in the diaphragm was 
made anterior to the inferior caval vein for routing the GEA to the pericardia! cavity. 
The coronary anastomoses were made with running 8-0 polypropylene sutures. The 
pedicle was fixed to the epicardium by means of two sutures (polypropylene 6-0) to 
the epicardium in order to avoid kinking of the graft. The peritoneum was closed with 
a running resorbable suture without a drain. 

The standard cardiopulmonaty bypass procedure was performed by a technique 
described elsewhere. 14 Postoperative anticoagulation treatment consisted of Coumarin 
and Dipyridamole 300 mg daily. 

Technique of angiography 
Elective follow-up angiography was performed with the Judkins technique, using the 
femoral approach. Standard Judkins 7 Fr. left and right corona1y catheters, as well as 
Pigtail catheters, were used for the native coronary artery injections and the left 
ventricular angiogram. IMA catheters were used for selective angiography of the left 
and right IMA grafts. A special technique was developed for angiography of the GEA 
graft. The celiac trunk was cannulated using a lateral projection, with either a 7 Fr. 
Simmons type 1 or type 2 catheter (C.R. Bard Ireland Ltd., Gallway, Ireland) or a 
special GEA catheter of our own design (built to specification by Cordis Europa NV, 
Roden, The Netherlands). Using the postero-anterior view, a soft, steerable 0.035 inch 
guidewire (Terumo Corporation, Tokyo, Japan) was advanced into the common hepatic 
artery or subselectively into the gastroduodenal artery. The contrast catheters were 
advanced over these guidewires into the gastroduodenal artery or even into the origin 
of the GEA. This technique allowed for selective hand-injections of contrast fluid, and 
for excellent visualization of the GEA graft and its anastomoses, as well as the native 
coronary artery distal to this anastomosis with multiple projections (Figure 3). All 
angiograms were recorded on cinefilm at 12.5-25 frames per second, and reviewed by 
2 independent obse1vers. Anastomoses were considered to be closed, unless proved 
patent. 

Statistical analysis 
Data were gathered in contingency tables. Logistic regression analysis was used to 
determine incremental risk factors for death and graft occlusion. A p-value of 0.05 or 
less was considered to be significant. 
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Figure 3. I. GEA-cathete,: 
Selectil'e a11giogram (postero-a11terior Pie111) of GEA. 2. Gastroduode11al arte,y. 

3. Gastroepiploic arte,y. 
4. A11asto111osis to right coro11my arte,y. 
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RESULTS 

Between september 1989 and september 1992 2025 primary CABG operations and 
121 redo CABG operations were performed in our institution. In the primary CABG 
operation the GEA was used in 261 patients ( 13%) and in the redo CABG operations 
the GEA was used in 39 patients (32%) The GEA was always long enough for grafting 
all coronary artery branches on the diafragmal aspect of the heart. A total of 894 
anastomoses (56 1 IMA, 325 GEA, 8 vein) were performed with the use of 716 arterial 
grafts and 6 vein grafts. A mean number of 2.4 grafts per patient and 3.0 anastomoses 
patient were performed. One anastomosis was performed with 276 GEA grafts, two 
anastomoses with 23 GEA grafts and three anastomoses with 1 GEA graft, resulting in a 
mean of 1.1 anastomosis per GEA graft ( Table JI) . The mean number of anastomoses 
of the IMA grafts was 1.3. 

A total of ten patients (3.3%) died, all in hospital ( Table III). The mortality was 
higher in the group of reoperations ( 4 of 39 patients = 10%; CL 5%-18%) and in the 
group of combined operations (1 of 9 patients = 1 1  %; CL 1 %-33%) than in the group 
of primary operation (5 of 252 patients = 2.0%; CL 1.1 %-3.4% ). Mortality in the 
reoperation group was associated with an inferior infarction in two patients, which 
was the site where the GEA was used as a bypass graft. One patient died due to an 
embolizing thrombus from an old vein graft, and one patient had a rupture of an 
aneurysm of the abdominal aorta. 

Table II. GEA 111111sto111oses. 

Single grafts N Sequential grafts N 

LAD 4 RCA - ex 1 1  
Diagonal l RDP - RPL 1 2  

ex 1 8  RDP-RPL-LPL 1 

RCA 54 

RDP 1 89 

RPL 10 

GEA, gastroepiploic artery; LAD, left anterior descending; CX, circumflex artery; RCA, right 

coronaiy arte,y; RDP., right posterior descending; RPL, right posterolateral; LPL, left posterolateral. 

In the group of 252 primary coronary bypass operations five patients died (2.0%; CL 
1.1-3.4% ). Three patients died due to brain infarctions, one patient died due to a 
myocardial infarction from an atheromatous aorta, and one patient died due to an 
anterior infarction after the left anterior descending (LAD) branch was not found. 

In the nine patients who unde1went a coronary bypass operation combined with 
another cardiac procedure there were three aortic valve replacements, two mitral 
valve repairs and four left ventricular aneurysm resections. One of these patient died 
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Table Ill, Nfor1ali1y by ca1ego1y of bypass opemtio11. 

Operation Tota l  

Primary CABG 252  

Repeat CABG 3 9  
Additional cardiac 9 
procedure • •  

Total 300  

N 

5 

4 

1 

1 0  

% 

2 ,0 

1 0  

1 1  

3 . 3 

70% CL * 

( 1 . 1 - 3 .4%) 

(5- 1 8%) 

( 1 - 33%) 

(2 .3- 4 .8%) 

' •  Additional cardiac procedure include: aortic valve replacement in 3 ;  mih·al valve repair in 2;  
left ventricular aneurysm resection in  4 .  

* 70% CL, 70% confidence l imits. 

(11 % ; CL 1-33% ). In this patient, 69 years old male, we performed a coronary bypass 
operation with the left IMA to a diagonal branch and the LAD, the GEA graft to the 
posterior descending branch and an aortic valve replacement with a homograft. One 
week after the operation there were signs of pneumonia and 2 days later signs of 
mediastinitis. The patient died after 45 days of multi organ failure. At autopsy the 
grafts were patent. There was no late mortality. 

Four patients underwent reoperation, twice because of graft occlusion of, respec
tively, the left IMA and the GEA graft, once because of a new stenosis in the LAD, and 
once because of mitral- and tricuspid valve regurgitation after endocarditis (Tc1ble IV). 

A postoperative PTCA procedure was done in  three patients; one patient under
went a re-operation with a left IMA graft to the LAD and a GEA graft to the posterior 
descending branch. Eight months after the second operation there was a severe 
stenosis in the old venous jumpgraft to the circumflex artery treated by PTCA. A 
PTCA of the right coronary artery was performed in a patient with a occluded GEA 
graft to this vessel. A PTCA of the circumflex arte1ywas performed in a patient with a 
sequential left IMA graft and a GEA graft to the right corona1y artery, which was 
occluded. The circumflex branch had a new stenosis, while there was no significant 
stenosis in the right coronary artery anymore. 

Mediastinitis was encountered in two patients, once in a patient who was operated 
with the use of the three arterial grafts and once in the patient mentioned before, 
operated for an aortic valve stenosis with a homograft and two arterial grafts. Gastro
intestinal bleeding occurred only once and was treated conse1vatively. There were no 
late abdominal complaints at follow-up. 

Myocardial infarction was encountered in 10 patients (3.3%) based on clinical 
symptoms, EKG changes and increasing specific enzymes. Rethoracotomies for 
persistent bleeding occurred in 24 patients (8% ). In only two cases this was caused by 
bleeding from the pedicle of the GEA graft. 
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Table IV. Morbidity. 

Symptoms N % 

Rethoracotomy 2 4  8 

Infarction (total) 1 0  3 .3  

Anteroseptal 3 1 . 0  

Anterolateral 2 0 .7  

Inferior 5 1 . 7 

Gastro-intestinal bleeding 1 0 . 3  

Mediast in i tis 2 0. 7 

Re-operat ion:(CABG) 3 1 . 0 

(MVP/fVP) 1 0. 3 

PTCA 3 1 . 0  

CABG, coronary arte1y bypass graft ing; MVP, mitral valve plasty; TYP, tricuspid valve plasty; 

PTCA, percutaneous transluminal coronary angioplasty. 

Angiography was performed in 88 patients and the overal l  patency of the G EA 
anastomoses was 84.5% while the patency of IM A anastomoses was 97%. One 
h undred and three anastomoses were visualized of 88 G EA grafts. We found that the 
patency of the 103 G EA anastomoses of patients operated in the first semester of the 
study was 77% (n =3 1 ) .  However the patency increased to 80% (n =2 1 )  in patients 
operated in the second semester and to 85% (n =27) in  patients of the th ird semester 
and to 95% (n=24) in patients of the fourth semester (p=0.037). In contrast to the 
i ncreasing patency rate of the G EA throughout the study period, we found a relatively 
constant patency rate in the IM A anastomoses of93% - 98% (Figure 4) . Among the 
88 angiographies 112 IM A grafts (78 left IM As; 34 right IM As) and 1 54 IM A anasto
moses were visualized. 

The angiographic patency rates of IMA grafts and GEA grafts in relation with the 
grafted coronary vessels are shown in  Table V. Both left and right IM A grafts had a 
very high patency rate between 94 - 100%, when anastomosed to L AD or CX artery. 
The overal l  patency of the G EA graft was somewhat lower to the RC A (88%) and to 
t he CX (74% ). 

Logistic regression analysis produced pumptime and reoperation as incremental 
risk factors for death. I ncremental risk factors for occlusion of at least one G EA 
anastomosis were pumptime and female gender (Tctb!e VI) . 
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% 
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angiography after JO months (mean) 
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Figure 4. Patency: IMA, i11femal 111a111111my arre,y. GEA, gastroepiploic arre,y. 

Table VI. Logisric regression analysis. 

B 

Incremental risk factor for death 
Reoperation 

Total pump time 

Intercept 

1 . 5 3 2 1  

0 .0 1 79 

-5 .643 1 

Incremental risk factor for GEA graft occlusion 
Female gender 0 .84 1 2  

Total pump time 

Intercept 

0 .0 1 72 

-2 .5828 

SE 

0 . 7047 

0.0059 

0.8295 

0 .4642 

0.0078 

0.8883 

p 

0.0297 

0 .0026 

0.0000 

0 .0374 

0 .0276 

0.0036 

Following factors were part of regression analysis: sex, age, pre-operative NYHA classification, 
preoperative infarction, weight, year of operation, surgeon, aortic occlusion time, pump time, 
additional cardiac procedure, reopera t ion, mediastinitis, atrial fibril lat ion. 
B, risk factor coefficient; SE, standard error of mean; P, level of significance. 
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DISCUSSION 

Longterm survival after coronary artery bypass surgery with the use of mammary 
artery grafts is better than with the use of autologous saphenous vein grafts, in particu
lar in the young patient.2·3 This is due to the low susceptibility for atherosclerosis and 
the superior patency of the mammary artery grafts. However, both mammary artery 
grafts are usually not enough for total arterial myocardial revascularization in three 
vessel coronary artery disease. 

Several authors reported that the right gastroepiploic artery (GEA) is a promising 
alternative bypass conduit for the saphenous vein.4•5•6·7•8 Suma et al9 found that the in 
situ GEA has a suitable diameter for CABG and is long enough to reach coronary 
arteries on the inferior ventricular wall even distally. Anastomoses of the in situ GEA 
graft with the left anterior descending (LAD) and circumflex arteries (CX) were also 
made. O'Neil et al JO concluded from their study concerning the endothelial function of 
the GEA that the human GEA possesses the necessary properties to be a successful 
arterial bypass graft. Moreover, the GEA is pharmacologically comparable with the 
IMA and exhibits similar resistance against develloping atherosclerosis. In a report 
from our institution 1 1  dealing with endothelial responses of GEA and I MA to vaso
active substances we found a resemblance of relaxations induced by methacholine and 
sodium nitrite in both GEA and IMA suggesting a similar activation and behavior of 
the L-arginine pathway in both arteries. This would implicate that the protective role 
of the endothelium, contributing to the high patency rate of IMAs is also applicable to 
GEAs. 

This prompted us to use the GEA as an alternative arterial conduit in order to 
create complete arterial revascularization in three vessel coronary artery disease. Our 
hypothesis was that the patency rate of the GEA bypass conduit would be analogous to 
that of mammary arteries. 

In this ongoing study we found that harvesting of the GEA was less tedious, easier 
and of shorter duration than that of the I MA In contrast to others9 the dissection of 
the IMA as well as the GEA is performed in our institution by the same surgeon. 
However, we agree with Lytle et al6 that the use of the GEA increases the difficulty 
and complexity of the operation. Nevertheless the use of the GEA has not led to a 
significant increase in our perioperative mortality for CABG surgery. Overall, ten 
patients (3.3%; 70% CL 2.3-4.8%) died in hospital. This mortality was mainly due to 
a relatively high mortality rate in the reoperative cases ( 4 out of 39 = 10% ), which 
was also reflected in the incremental risk factors for death. Pumptime reflecting the 
complexity of the operation was an incremental risk factor independent of reoperation. 
Only in two patients mortality was related to an inferior infarction, the area revascul
arized by the GEA, in the other patients mortality was related to anterior infarctions 
(n=2), atheromatous aorta (n= l), multi organ failure (n= l), rupture of an abdominal 
aorta aneurysm (n = l) and brain infarction (n=3). At late follow-up (0.5 to 39 
months) we found no late mortality. In addition, use of the GEA did not lead to an 
increase in perioperative morbidity for CABG operations. Two of the 24 rethorac
otomies for persistent bleeding were due to a bleeding of the gastroepiploic pedicle, 
located in the pericardia! cavity, 
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Moreover we encountered only one gastro-intestinal bleeding episode that could be 
treated conservatively. Mediastinitis, a severe complication after CABG surgery, was 
encountered twice. 

Angiograms of the GEA grafts were obtained at postoperative intervals ranging 
from 3 weeks to 25 months (mean 10 months). We found in patients operated in the 
first semester of the study that the patency of the GEA was significantly lower (77%) 
than that of the IMA grafts. However, the patency rate of the GEA graft increased 
steadily to 95 % in the fourth semester and virtually equaled that of the I MA (97%) 
indicating a "learning curve" (p= 0.037). This finding stresses the fact that some 
training by skilled surgeons is advisable. Additionally, pumptime ( operative complex
ity) and female gender were risk factors for occlusion. A specific cause for the higher 
occlusion rate in women is as yet unclear. 

Encouraged by t hese results we use the GEA graft now as tbe first adjunct to the 
IMAs even in the elderly patient. Our oldest patient receiving a GEA graft is 77 years 
old. Absolute contraindications to the use of the GEA as a graft is a previous gastric 
resection, whereas severe obesitas, abdominal aortic surgery and previous cholecys
tectomy are relative contra-indications. In patients with insulin dependent diabetes 
the use of one I MA graft in combination with a GEA graft is probably preferable to 
two IMA grafts, which is associated with a high risk of sternal infections.7 

We conclude t hat graft failure of the GEA was initially related to a "learning curve" 
but eventually equaled that of the IMA grafts. Furthermore, the GEA may well be the 
graft of choice in conjunction with t he internal mammary arteries. 
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GENERAL DISCUSSION 

Dr. George Cimochowski ( Wilkes-Barre, Pa.). Dr. Grandjean and his colleagues are to 
be complimented on an excellent experience that demands superb surgical judgment 
and technique in a large series of patients. 

We have attempted at Wilkes-Barre General Hospital to do a similar thing over 
the past 2 years. Our experience is such that there were 907 isolated CABG operations 
clone over 2 years. We used only veins in 2.5%. The majority of patients had either a 
single I MA or double IMA or a combination of artery and veins used for the grafts. In 
22% of the patients we were able to use only arterial grafts, which represents 200 out 
of 907 patients. We attempted to do only arterial grafts in all patients less than 60 
years of age, selectively from 60 to 75 years, and in patients older than 75 only when 
they had no other conduits. 

We had pretty much the same experience as Dr. Grandjean and his group. Our 
patients had a mean age of 56.7 years. We did 2.82 arterial grafts per patients. Our 
mortality rate was 2% with a 0.5% rate of sternal wound infection. Our most common 
combination of conduits was bilateral IMAs and epigastric artery in about 40% of the 
patients. 

We did mostly three-vessel grafts: three arterial grafts were done in about 40% of 
patients. Second most common was two-vessel grafting, and there was a smattering of 
other types of operations with sequential grafts. 

The last point is that because we use the epigastric artery almost exclusively to the 
circumflex system, we attemped to put the right IMA in situ to the posterior descend
ing coronary artery. Overall we reached the posterior descending coronary artery in 
about 60% of the patients, but in the past 6 months we were able to do this in 81 %. 

I have three questions for the authors. First, what was the percentage of arterial 
grafts you did over the past 3 years? 
Second, do you have any results of physiologic testing, such as stress testing, to show 
that in fact ischemia has been relieved with this procedure? 

Last, and this is a politically difficult question, in European literature and obvi
ously in your group, arterial operation is used much more than on this continent. 
I wonder if you could comment as to why? 

Dr. John B. Flege, Jr. ( Cincinnnati, Ohio). In the continuing quest for other 
conduits for coronary artery bypass, particularly for patients who have had multiple 
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previous operations, I turned to Sobatta's excellent illustrations. They show that the 
left gastric artery early in its course is adjacent to the diaphragm and only a few 
millimeters from the inferior surface of the heart. It would appear to be a satisfactory 
graft for coronary artery bypass. 

A postoperative arteriogram shows the left gastric artery anastomosed to the 
posterior descending coronary artery. Its course is very short, and it lies out of harm's 
way in the event that the patient must have an upper abdominal operation. 

I would like to ask the authors if any of their patients have had subsequent upper 
abdominal operations in which the GEA could be harmed. 

Dr. Hisayoshi Suma ( Tokyo, Japan). When I looked at my initial 300 experiences 
with the GEA graft, the mean age of the patients was 59 years and the majority of 
patients had triple-vessel disease. The number of total distal anastomoses was 3. 1 and 
the mean number of arterial graft anastomoses was 2.2 in combination with the IMA 
in 96% of the patients and the inferior epigastric artery quite recently in 14 patients. 
There were seven early and four late deaths. A new Q wave was noted in five patients. 
On postoperative angiography, the patency of the GEA graft was 94% at both early 
and late (up to 5 years) restudy. I agree with your conclusion that the GEA is a useful 
conduit in CABG operations. 

I have two questions. First, how did the authors handle the patent GEA graft at the 
time of reoperation? I had one case with this situation, with a patent GEA to the right 
coronary artery, and the target of the reoperation was the LAD. I approached this with 
a left thoracotomy very successfully. 

Second, how many patients unde1went  abdominal operation after this kind of 
operation, and how did you handle this? 

Dr. 0. Jegaden (Lyon, France). I have used the GEA in 240 patients without a 
vein graft and without early mortality. Its use was associated with one IMA in 100 
patients and with both IMAs in 140 patients. 

In the first 100 patients, the graft patency rate was 96% for the GEA and 99% for 
the IMA. I think that this technique can be done as a normal procedure with a low 
mortality. In my experience this technique is actually done in 90% of patients. 

However, we cannot forget that the objective of this technique is to improve long
term results in graft patency freedom from complications, and survival. I think that in  
some patients this technique may increase the operative risk as in patients older than 
75 years and particularly in patients with severe left ventricular dysfunction and 
ejection fractions less than 30%, who need immediate and optimal flow in the graft. 

My question is this: What are the limits of this technique and in which patients do 
you not perform this technique? 

Dr. Frank C. Spencer (Ne w  York, N Y.). I have one question. Your slides showed a 
very striking learning curve, inasmuch as the good results rose from 77% to higher 
than 90% over 3 years. Please tell us what you learned. 

Dr. Grandjean. Dr. Cimochowski, over the past 3 years we operated on about 
2000 prima1y CABG cases. We used the vein graft in 8% of the cases, a combination 
of one IMA graft and a vein graft in 55%, and in nearly 40% of the cases only arterial 
grafts including the GEA graft. We tiy to increase the use of arterial grafts in prefer
ence to the vein graft. 
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In nearly all the patients a stress test is done by their own cardiologist and there is a 
relief of ischemia in the inferior wall where a GEA graft is used, as there is a relief 
when the IMA grafts are used. 

During our training we start with bypass operations in which the left IMA is 
anastomosed to the anterior wall of the heart. At the end of the training the surgeon is 
skilled in using IMAs and the next step is the use of other arterial grafts such as the 
GEA. We are rather liberal in the use of new and, we think, better operative techniques. 

Dr. Flege, we have not used the left gastric artery yet, but it seems to be a promis
ing arterial conduit. Your next question dealt with upper abdominal operations after a 
CABG operation in which the GEA was used. You are right when you say that this can 
cause some problems. All the patients who are operated on with the use of a GEA 
graft have to know that they have been operated on in the abdomen, and we give them 
a drawing with the position of the grafts. In this series of 300 patients we had one 
patient who unde1went urgent laparotomy after rupture of an aneurysm of the abdomi
nal aorta. We stayed "far" away from the GEA graft and its origin. Unfortunately this 
patient died of abdominal complications. For cholecystectomy a more lateral trans
verse incision is then preferable. 

Dr. Suma, in this series four patients underwent reoperation. One patient with 
patent left IMA and GEA grafts underwent reoperation for mitral and tricuspid 
regurgitation after pancarditis. This operation was done with normothermic bypass 
and with a beating heart. There was one patient with an occluded GEA graft who 
underwent a reoperation with a free right IMA to the right posterior descending 
coronary artery. One patient who had a new stenosis in the LAD had an urgent 
reoperation with a vein graft to the LAD after an angioplasty procedure failed. The 
last patient had an occluded left IMA, and a right IMA was then anastomosed to the 
LAD. The GEA could easily be clamped during carioplegic arrest. 

In this series of 300 patients only one patient underwent an abdominal operation. 
This was the patient who was operated on for rupture of an aneurysm of the abdominal 
aorta. 

Dr. Jegaden, as you mentioned, there will always be some contraindications for 
the use of so many arterial grafts. I give all my patients at least one arterial graft, even 
in patients with bad ventricular function. My opinion is that if you operate on these 
patients with vein grafts and after a few years this vein graft becomes occluded, there 
will be hardly a surgeon who will do a reoperation on these patients. My philosophy is 
to give the patients the best chance the first time, with arterial grafts. 

Dr. Spencer, we did have a learning curve and in the beginning all the surgeons in 
our group tried to use the GEA for revascularization. After a while only two surgeons 
were subsequently using the GEA and they operated on 70% of the patients in this 
series. In the beginning anastomoses were made with the more distal part of the GEA 
and now we shorten the GEA until it is just long enough so that the diameters for the 
anastomoses are wider. We also used the GEA as a jump graft between branches of the 
right coronary artery and the circumflex artery, and at follow-up angiography many of 
the distal and thinner parts of the GEA were occluded. Now we use the GEA for the 
inferior part of the heart and the IMAs for the posterior and anterior parts of the heart. 
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ABS TRACT 

Methods: From September 1 989 to September 1994 we operated on a consecutive 
group of 256 patients with three vessel disease in whom we used the right gastro
epiploic artery together with both internal thoracic arteries. Vein grafts were not used 
in these patients. This population consisted of 233 men and 23 women whose age 
ranged from 31 to 77 years (mean age 57.8 years). 

Results : Hospital morbidity and mortality were not directly related to the use of the 
gastroepiploic artery. P atency of the anastomoses in a subgroup of 56 patients (22%) a 
mean of 16 months after the operation was 98% in left internal thoracic artery, 96% 
for right internal thoracic artery and 88% for the gastroepiploic artery. Five-year 
actuarial survival (including in-hospital death) was 95.9%, and was related only to 
age. From discharge until the end of follow-up, two patients had a myocardial infarc
tion, six patients underwent a reintervention procedure, and 1 8  patients had a return 
of angina pectoris. 

Conclusion : We conclude that the concommittant use of the gastroepiploic artery with 
the both internal thoracic arteries has low morbidity and mortality in patients with 
three vessel disease operated on by experienced surgeons. At this moment, we have no 
reason to believe graft patency will deteriorate in the future. On the basis of these 
results, the knowledge that arteries are to be preferred over veins for coronary bypass 
grafting, and the absence of a leg incision, we believe this operative technique is 
superior to the use of venous grafts. 

ULTRA MINI ABS TRACT 

Concomitant use of the GEA with both IT As for total arterial revascularization in 256 
patients with three-vessel disease has low morbidity, low mortality and excellent 
patency rates at midterm follow-up. 
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INTRODUCTION 

The use of the internal thoracic artery (ITA) graft for myocardial revascularization is 
superior to that of saphenous vein grafts because of higher patency rates and a lower 
mortality and morbidity 1 •4• Several authors recently showed that the use of both the 
left and right ITA'.s further decreases recurrence of angina and reoperations5•8• Still, 
venous grafts continue to be used in the majority of patients having coronary bypass 
surgery, mainly because of shortage of arterial materia l  and the inability to reach the 
inferior surface of the heart with I TAs9• 10 • In recent years, the gastroepiploic artery 
(GEA) has been a workable alternative to the saphenous vein graft, with short-term 
patency and clinical outcome similar to those of I TA grafts 1 1 • 1 7 •  

We report on a series of 256 consecutive coronary bypass surgery patients with 
three vessel disease having coronary bypass operations with the use of arterial grafts 
exclusively; both the right and the left I TAs and the GEA were used, and venous grafts 
were not used. The aims of this study were to describe operative results, as wel l  as 
midterm angiographic and clinical outcomes of this homogeneous group and to 
identify risk factors that influenced these results. 

PATIENTS AND METHODS 

Patient Population 

Between September 1989 and September 1994, 3720 patients were operated on for 
coronary artery disease in our institution. Revascularization of all three vessels was 
performed in 1495 patients. From this group of patients, venous grafts exclusively 
were used in 104 patients (7 % ). A single I TA in conjunction with venous grafts were 
used in 1135 patients (76 % ) and the GEA in combination with two I TAs was used in 
256 patients (17 % ). The study popu lation consisted of these 256 consecutive patients 
with three vessel diseasein whom the GEA was used in combination with both I TA 
grafts. The main reason that only arterial grafts were used was that three of the eight 
surgeons who performed 244 of the 256 operations preferred this approach. Other 
indications a lso played a role, such as lack of other graft material and young age of 
some of the patients. In the study period, these three surgeons used this approach in 
48%, 36% and 13% of their patients in whom three vessels were bypassed. The main 
contraindications to this form of revascularization were technica l  problems such as 
previous major operations in this area or extreme obesity. It was not performed in a 
few patients with a short life expectancy. In 4% of the patients in whom we p lanned to 
do al l-arterial three-vessel revascularization, the GEA appeared to be too small for the 
use as a pedicled graft. In half of these patients, the GEA was used as a free graft, and 
in the other half the surgeon decided not the use the GEA as a graft. 

Elective angiography was performed in the 56 patients. In 25 % of these patients, 
angiography was performed for the return of symptoms. The other 75% patients were 
willing to undergo this procedure after giving written informed consent. 

All data were updated at the end of 1994 and were gathered by inte1view and 
examination by the patient's own cardiologist. 
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Technique of  the operation 
The standard median sternotomy was extended 5 centimeters caudally, whereafter the 
right ITA and then the left ITA were harvested. The pedicles were wrapped in a 
sponge soaked in a papaverine solution. The pleural cavity was intentionally left 
closed. The peritoneal cavity was opened and the GEA was palpated gently to asses its 
caliber. The GEA was dissected with the use of two surgical clips (Hemoclip 1\ medium, 
Pilling Weck, Research Triangle Park, N.C.) on each side branch to the stomach and 
omen tum. The branches were divided by electro-coagulation. The GEA was dissected 
leftward two third of the distance along the great curvature of the stomach and proxi
mal to the pylorus. After systemic heparinization the distal part of the GEA graft was 
divided, 0.5 ml of a solution of papaverine (0.1 mg/ml) was gently injected into the 
distal part of the graft, or was injected in the fatty tissue of the pedicle. The GEA was 
always routed anterior to the pylorus and the left lobe of the liver to the pericardia! 
cavity. An incision in the diaphragm was made anterior to the inferior vena cava. The 
coronary anastomoses were made with running 8-0 polypropylene sutures. The pedicle 
was fixed to the epicardium by means of two or three sutures (6-0 polypropylene) to 
avoid kinking of the graft at the anastomosis. The peritoneum was closed with a 
running resorbable suture without a drain. 

The right ITA was tunneled under the mediastinal fat, directly over the superior 
caval vein by incision of the pericardium, and was routed through the transverse sinus 
to reach the circumflex coronary artery. To reach the left anterior descending the right 
ITA was also tunneled under the fatty tissue to avoid fixation at the sternum and was 
routed over the aorta. The left ITA was also routed under the mediastinal fat, deep 
along the parietal left pleural to either the left anterior descending or the circumflex 
coronary artery. Postoperative anticoagulation treatment consisted of acetyl salicylic 
acid 100 mg daily. 

Technique of angiography 
Elective follow-up angiography was performed with the Judkins techniquethrough the 
femoral approach. Standard Judkins 7 F left and right coronary catheters, as well as 
pigtail catheters, were used for the native coronary artery injections and the left 
ventricular angiogram. ITA catheters were used for selective angiography of the left 
and right ITA grafts. A special technique was developed for angiography of the GEA 
graft. The celiac trunk was cannulated using a lateral projection, with a 7 F special 
GEA catheter of our own design (built to specification by Cordis Europe NV, Roden, 
The Netherlands). Using the posteroanterior view, we advanced a soft, steerable 
0.035-inch guide wire (Terumo Corporation, Tokyo, Japan) into the common hepatic 
artery or subselectively into the gastroduodenal artery. The contrast catheters were 
advanced over these guidewires into the gastroduodenal artery or even into the origin 
of the GEA. This technique allowed for selective hand injections of contrast medium 
and for excellent visualization of the GEA graft and its anastomoses, as well as the 
native coronary artery distal to this anastomosis with multiple projections. All angio
grams were recorded on movie film at 12.5 to 25 frames per second and reviewed by 
two independent observers. 
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End points 
1 Progression of atherosclerosis (graft stenosis) on cardiac catheterization was defined 

as any visible stenosis anywhere in the graft(s), including the sites of anastomoses. 
A patent graft was defined as a non-stenotic graft. 

2 In-hospital complications were defined as any untoward post-operative medical 
event that occurred during hospitalization. Atrial fibrillation was analyzed 
separately from other in-hospital complications. 

3 In-hospital and follow-up data were gathered on death, myocardial infarction, 
reinte1vention (percutaneous transvenous coronary angioplasty or coronary artery 
bypass grafting), or the return of angina pectoris. 

Statistical analysis 
The possible influence of the following factors on clinical outcome of our study 
population was analyzed: age; sex; history of angioplasty, bypass grafting, myocardial 
infarction, diabetes mellitus, hypertension, hypercholesterolemia, cholecystectomy or 
laparotomy; body mass index; preoperative angina pectoris (New York Heart Associa
tion class); duration of operation; number of distal anastomoses; surgeon; use of free 
grafts; and location of anastomosis of the GEA. 

1 Uni- and multi variate analysis of factors predicting graft progression, postoperative 
complications and atrial fibrillation: 
The chi-squared test was used for calculations of associations in contingency tables. 
When the sample was not large and the expected values were less than 5, we used 
Fisher's exact test. For differences between means, the t test was used. When 
variances where unequal, the Mann-Whitney U test was used. Factors that reached a 
significance level of less than 0. 1 or any other clinically important factor as age and 
sex were included for multivariate logistic regression analysis. The final model 
consisted only of factors who had reached a significance level of less than 0. 1 i_n 
previous models. 

2 Uni- and multi variate swvival analysis of death, myocardial infarction, reinter
vention or the return of angina pectoris. 
To identify prognostic factors which might have "explained" outcome differences in 
our study population we estimated survival curves by the method described by 
Kaplan and Meier 18• Differences in sU1vival times between groups were calculated 
by the log-rank and the Wilcoxon tests. All variables with a significance level of 
p<0.l in at least one of these univariate tests and all other clinically important 
variables, such as age and sex, were included for multivariate analysis proposed by 
Cox 19• The final model only consisted of variables who had reached a significance 
level of less than 0.1 in the previous model. We checked the assumption of 
proportional hazards for each predictor variable by estimating the plots of the 
logarithm of the cumulative hazard against the logarithm of time. 
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RESULTS 

Patients 
The study group consisted of 233 men and 23 (9 % ) women with a median age of 57.8 
years (range 31 to 77 years). Preoperative patient characteristics are shown in  table I. 
These patients were a subgroup from 1495 patients who unde1went three-vessel 
revascularization. This group consisted of 1 128 men and 367 women (24 % ) with a 
mean age 65.5 years (range 31-87). 

Grafts and Anastomoses 
In the group of256 patients operated on with the use of three arterial grafts a total of 
931 anastomoses (667 ITA anastomoses, 264 GEA anastomoses) were performed; 
there were 768 arterial grafts and no vein grafts (Tc1ble II) . The mean number of 
anastomoses per patient was 3.64. The mean number of anastomoses of the left ITA 
grafts was 1 .5, right ITA grafts 1.1, and GEA grafts 1.0. A sequential left ITA graft was 
used in 129 patients (50% ), (117 with two distal anastomoses, 12 with three distal 
anastomoses). A sequential right ITA graft in 1 5  patients (6%) and a sequential GEA 
graft in eight patients (3.1 % ). A free ITA graft was used in seven patients and a free 
GEA graft was used in  only three patients. 

In-hospital complications 
Four patients (1.8%) died in the hospital. One patient died of brain infarctions, one 
patient of a myocardial infarction caused by embolization of atheromatous material 
from the aorta, one died of an anterior infarction after the left anterior descending 
branch was not found, and one died of cardiac failure. Two patients undetwent reoper
ation a few hours after the first operation because of ischemia of the inferior aspect of 
the heart. A vein graft was placed next to the GEA anastomosis. Five postoperative 
angioplasty procedures were performed; one of the right coronary artery, because the 
GEA was occluded, two angioplasties of the GEA at its anastomosis, and two angio
plasties of the left anterior descending coronary artery. Mediastinitis occurred in two 
patients. The sternum was secondarily closed after a period of open treatment, after 3 
and 4 weeks. Mild gastro-intestinal bleeding occurred twice and was treated medically. 
None of the patients had severe late abdominal symptoms at follo.y-up. Twenty-five 
patients (10%) used H2 blockers. In-hospital myocardial infarction occurred in six 
patients (2.4%) according to clinical symptoms, electrocardiographic changes, and 
elevated levels of cardiac enzymes. Reoperations for persistent bleeding were neces
sary in 18 patients (7.8% ). I n  two patients the bleeding was from the pedicle of the 
GEA graft. I n  nine patients we needed an intraaortic balloon pump; in three of the 
nine patients the pump had already been inserted before the operation because of 

· severe stenosis of the left main coronary artery. 
In summary, in-hospital complications occurred in 48 (19%) of the patients. Both 

univariate and multivariate analysis revealed that the in-hospital complications were 
individual surgeon-dependent (p=0.002). After adjustment for this and other clinical 
important covariates in  a multivariate logistic regression model, only the duration of 
the operation appeared to be an independent predictor of the occurrence of 
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Table I. Preoperatil'e patient characteristics. 

N 

NYHA class 1 1 - I I I  1 73 

class IV 8 3  

Myocardial infarction 1 4 0  

> l infarction 20 

Hypercholesterolemia 1 3 3 

Diabetes l 3  

PTCA 26 

Reoperation 28 

Prior laparotomy (upper) 9 

2 - Ex L U S I \I E  U s E  o r  A R T E R I A L  G R ,\ f'TS 

percent of 256 

67  

3 3  

54 

7 .8  

52  

5 .0 

1 0  

l l 

3 . 6  

Table l/. Number of a11asto111oses of bypass arteries to coro1w1y arteries. 

GEA LIMA RIMA 

LAD 1 60 88 

Diagonal 98 1 3  

ex 6 1 39 1 66 

RCA 4 I 3 

RDP 1 9 8  

RPL 1 7  

Total 264 397  270 

GEA, gastroepiploic artery; LIMA, left internal mammary artery; RIMA, right internal mammary 
artery; LAD, left anterior descending; CX, circumflex artery; RCA, right coronary artery; RDP, 

right posterior descending; RPL, right posterolateral; LPL, left posterolateral. 
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in-hospital complications (Table III). There was a gradual increase in in-hospital 
complications with increased duration, where the odds-ratio per minute was 1.008 
(95% confidence interval (C. I .) 1 .002 to 1 . 013 ,  p =0.004). This means that (for 
example) every 30 minutes, the risk for i n-hospital complications increased 1.00830 = 
1.27 times. 

Atrial Fibrillation 
Paroxysmal postoperative atrial fibrillation occurred in 43 patients (16.8%) and was 
in most cases successfully controlled by medication. Again, there appeared to be a 
correlation between atrial fibr illation and the surgeon who performed the operation . 
After adjustment for this and other covariates, age appeared to be a strong independent 
risk factor for postoperative atrial fibrillation (see Table III). The mean age of patients 
with post-operative atrial fibrillation was 62.8 years, compared with 56.9 years in the 
group without atrial fibrillation. The multivariate odds ratio per year was 1.073 (95% 
C.I. 1.029 to 1. 120,p = 0.001. Other independent r isk factors were the use of aprotinin 
( odds ratio 2.3, 95% C.I. 1.0 to 5.2, p <0.05) and a decreased risk for patients with a 
history of hypercholesterolemia ( odds ratio 0.5, 95% C.I. 0.2 to 1.0, p = 0.04) . 

complica t ions 

duration of operation 243 minutes 
(mean) 

atrial fibri l lat ion 

age (mean) 62.8 years 
hypercholesterolemia 36% 
use of  aprotinin 30% 

no complicat ions Odds Ratio (95% C.I.) p 

213 minutes 1 .008 ( 1.002- 1 .0 13)  0 .004 

no atrial fibri l lation Odds Ratio (95% C.l.) p 

56.9 years 1 .073 ( 1 .029- 1.120) 0.00 1 
59% 0 .47  (0.22-0.97) 0.042 
1 4 %  2.29 (1 .05-2.93) 0.049 

graft occlusion no graft occlusion Odds Ratio (95% C,I.) p 

duration of operation 273 minutes 
(mean) 

223 minutes 1.0 1.4 ( 1 .00 1 - 1.026) 0 .033 
(per minute) 

1r1ble l/1. Results from 11111/tiple logistic regression for ide11tifyi11g risk factors for i11-ho.1pital 
co111plicatio11s, post-operative paroxysmal atrial fibril/atio11 and graft occlusion 011 post-operative 
angiography. O11/y risk factors 1vith p < 0. 05 are presented. O11/y risk factors with p <0.05 are 
presented. Data are presented as odds ratios (OR) and 95% co11fide11ce intervals. 
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Figure 1. Five year actuarial s111vival (i11c/11di11g i11-hospital death) for patie11ts ivho received three arterial gmfts 

Mortality and morbidity during follow-up 
No patient was lost to follow-up. Mean postoperative follow-up was 25 ± 1 5  months 
( up to 58 months). During fol l ow-up, 6 patients died, of whom four are described in  
t he section In-hospital complications. The other two patients died 25 and 38  months 
after surgery, one of rupture of an abdominal aortic aneurysm and the other of a 
noncardiovascular cause. Five-year actuarial survival ( including in-hospital death)  for 
t h is group of patients who received three arterial grafts was 95 .9% (Figure I) . From 
d ischarge to the end of follow-up, two patients had a myocardial infarction, six 
patients underwent a reintervention procedure, and 1 8  patients had a return of angina 
pectoris. Three-year actuarial freedom of any of these events ( including in-hospita l  
events) was 85%. 

Mu ltivariate Cox proportional hazards analysis revealed that age was an indepen
dent risk factor for death (hazard ratio per year 1 .5, 95% C.I .  1 .2 to 1.9 ,p = 0.001 ). 
The only independent risk factor for myocard ial infarction was reoperation (hazard 
ratio 6.3, 95% C.I .  1 .5 to 26.5 ,p = 0.01 ) ,  and we found no independent risk factor for 
rei ntervention. Female patients were significantly more at risk for the return of angina 
pectoris (hazard ratio 4.6, 95% C.I .  1 .3 to 16. l , p  = 0.02) , and the return of angina 
pectoris was a lso significant ly associated with a previous angioplasty procedure 
( hazard ratio 4.6, 95% C.I .  1 .4 to 1 5 .2, p = 0.0 1 )  (Table IV) .  

Older patients did no t  have increased risks for myocardial infarction, rei nterven
tion or the return of angina pectoris during fol low-up. Actuarial survival analysis 
y ielded comparable resu l ts between pat ients older and younger than 65 years as well 
as  patients older and younger than 70 years (T{lb/e V). As can be expected, older 
pat ients were at greater risk of dying during fol low-up .  Five-years survival for patients 
o lder than 65 years was 89%, compared to 98% for patients younger than 65 years 
(p = 0.04) . 
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Graft Patency 
Angiography was performed in 56 patients after a mean of 16 month ( up to 61 
months). In 25 % of these patients, angiography was performed because of the return 
of symptoms, and in the other group for study reasons only. 

1rtble JV, Res11lts from 11111ltivariate Cox proportional hazards analysis for identifying risk factors for 
death, myocardial infarction, re-intervention and the ret11m of angina pectoris. Only risk factors with 
p<0.05 are presented. Data are presented as hazard ratios (HR) and 95% conjtdence intervals. 

risk factor Hazard Ratio (95% C.I.) p.-value 

death age 1 . 52  ( l . 1 8 - 1 .95)  0 .00 L 

myocardial infarction redo-operat ion 6 . 3  ( 1. 5 - 26 .5)  0 .0  L 

angina pectoris history of PTCA 4 . 6  ( 1 .4 - 1 5 .2 )  0 .0 1 

female sex 4 . 6  ( 1 . 3 - 1 6 . 3 )  0 . 02  

Titble 1,: Three year act11arial s11rvival for myocardial infarction, re-intervention or  the ret11m of angina 
pectoris, for a gro11p of patients older than 65 and 70 years respectively, compared to patients yo11nger 
than 65 and 70 years respectively. P-va/11es are calc11lated by Log-Rank test. 

Sunival for: < 65 � 65 p-value < 70 

Myocardial I nfarction 96% 95% 0 . 1 8  96% 

Re-Intervention 95% 97% 0 . 59  95% 

Angina Pectoris 90% 88% 0 . 65 89% 

Table VI. Patency rate per a,wstomose according to grafted corona,y arte,y. 

LIMA 

RIMA 

GEA 

LAD 

53/54 

25/25 

ex 

33/33 

30/32 

3/5 

RCA 

2/2 

49/54 

� 70 [J-value 

95% 0 .30 

1 00% 0 . 23  

90% 0 . 9 1  

Patency rate per anastomose according t o  the coronary artery that was grafted. LIMA, left internal 

mammary arte1y. RIMA, right internal mammary arte1y. GEA, gastroepiploic artery. LAD, left 

anterior descending artery. CX, circumflex arte1y. RCA, right coronary artery. 
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In 49 (88%) patients, the GEA with its anastomoses were still patent, while a patent 
left ITA was present in 55 (98%) patients and a patent right ITA in 54 (96%) patients 
(Table VI) . There was no difference in patency whether the left or right ITA was 
anastomosed to the left anterior descending or circumflex arteries. Even the anasto
moses between the GEA and right coronary artery or its branches had a patency of 
90%. However, GEA anastomoses to the circumflex artery appeared to be patent at 
follow-up in only three of the five patients (60%) in whom the GEA was used. 

In multiple logistic regression analysis, only duration of operation remained a 
significant predictor for total progression of disease at follow-up angiography 
(Tc1ble III) . We found no specific predictive factors for progression in the GEA and its 
anastomoses. 

DISCUSSION 

Several authors have reported that long-term survival after coronary artery bypass 
surgery with the use of one ITA graft to the left anterior descending is superior to the 
use of autologous saphenous vein grafts, particularly in the younger patients 3,20·22

• 

Moreover, the use of both left and right ITAs further improved short-term and mid
term morbidity and mortality, although long-term outcome in patients receiving two 
ITAs remains unknown5-7. In our institution, an increasing number of second operations 
are performed in patients who were previously operated with a combination of one 
ITA and one vein graft, in whom the vein graft is closed and the ITA is patent. On the 
basis of these findings it seemed desirable to use arterial grafts exclusively in patients 
with three-vessel disease. However, complete arterial revascularization for three 
vessel disease usually can not be achieved with ITAs alone, because too many anasto
moses are needed for only two grafts. Another shortcoming of both left and right ITA 
is their anatomic position, which often prevents revascularizion of the posterior 
surface of the heart. Finally, a leg incision for harvesting the saphenous vein graft is 
usually an important source of discomfort to patients. These findings together empha
sized the need to identify additional arteries suitable for myocardial revascularization. 

The right gastroepiploic artery (GEA) was found to be a promising alternative 
bypass conduit for the saphenous vein 1 1 - 13• Large series of patients reported on by 
Suma and associates 14 and by us 16 showed that the in situ GEA has a suitable diameter 
for CABG and is long enough to reach coronary arteries on the inferior ventricular 
wall; anastomoses to the left anterior descending and circumflex arteries were also 
possible. These studies also showed good short- and midterm patency and a low 
mortality and morbidity. However, these patient groups also consisted of patients with 
one- or two-vessel disease. 

Like Jegaden and colleagues 17, who had a large series, we also report on a consecu
tive group of patients in which the GEA and both ITA.s were routinely used for 
complete arterial revascularization of three vessel disease. However, patients with this 
all-arterial revascularization were younger than the complete group of 1495 patients 
with three-vessel revascularization and consisted of more male patients. Obviously, 
this technique was preferably in younger patients with a longer life expectancy. On the 
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other hand, older age was not a risk factor for postoperative morbidity and increased 
graft failure, as demonstrated with coronary angiography. 

The use of the GEA in our study group did not lead to a significant increase in 
perioperative mortality. Overall, four patients (1.7%) died in hospital, and mortality 
was not related to an inferior wall infarction, the area revascularized by the GEA. 
At late follow-up neither of the two deaths was cardiac related. In addition, use of the 
GEA did not lead to an increase in perioperative morbidity for coronary bypass 
operations. Reoperations for persistent bleeding were performed in 18 patients. This 
prevalence of bleeding complications was probably due to the use of anti thrombotic 
therapy until the day before the operation and to the cautious use of aprotinin. Only 
three of these 1 8  reoperations for persistent bleeding were due to bleeding of the 
gastroepiploic pedicle, located in the pericardia!, and abdominal cavity. Gastric 
morbidity was extremely limited. In this group we observed no gastric complications 
after harvesting the GEA. Within this group of patients, the duration of the operation 
appeared to be an independent predictor for the occurrence of postoperative in
hospital complications and for graft occlusion during follow-up. Dissection of both 
ITA's and the GEA is done by the same surgeon, who does the entire operation from 
skin to skin. However, we agree with Lytle and coworkers13 that the use of the GEA 
increases the difficulty and complexity of the operation. The operation should be 
performed by experienced surgeons. 

A subgroup of patients unde1went control angiography at a mean of 16 months 
after the operation. It should be noted, however, that 25% of these patients underwent 
coronary angiography because of the return of symptoms. Therefore, this was a biased 
population, in which an increased occlusion rate could be expected. The GEA was 
widely patent in 88% of the patients, however, despite an occlusion rate of 40% when 
the GEA was used as a graft for the circumflex artery artery. The latter finding could 
be explained by the need for a longer graft to the circumflex artery artery and then 
diminishing diameter of the GEA. Therefore the diameters of the distal anastomoses 
to the circumflex artery artery were probably much smaller than when the GEA was 
used for branches of the right coronary artery. Despite this increased occlusion rate, 
the use of the GEA for the circumflex artery in the entire study population did not 
appear to be a risk factor for mortality or morbidity during follow-up. 

The most common post-operative complication was atrial fibrillation. Independ
ent risk factors for atrial fibrillation were age, no history of hypercholesterolemia and 
the use of aprotinin. Age is a widely known risk factor for atrial fibrillation, but we 
could not explain the other risk factors. The risk for myocardial infarction during 
midterm follow-up was greater after reoperations. Independent predictive factors for 
the return of angina pectoris were a previous coronary angioplasty procedure before 
the operation and female sex. The latter probably results from the fact that the grafts 
and grafted arteries are smaller in women than in men23 • Age appeared to be no risk 
factor for in-hospital complications and morbidity during midterm follow-up (see 
Trible V) .  Overall, in-hospital complications, prevalence of myocardial infarction, 
reintervention and the return of angina pectoris did not seem to be different between 
patients with a standard bypass operation in which one ITA graft and vein grafts were 
used. 
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Comparison has to be made between the saphenous vein and the GEA as revascular
ization conduits. Unlike the saphenous vein graft, the GEA was found to have charac
teristics comparable with those of the ITAs. O'Neil and associates24 concluded from 
their study on endothelial function of the GEA that the artery possessed the necessary 
properties to be a potentially successful arterial bypass graft. We25 previously reported 
similar relaxation of GEA and ITA to metacholine and sodium nitrite, suggesting 
comparable endothelial function in the two arteries. This implies that the protective 
role of the endothelium which probably contributes to the high patency rate of ITAs, 
is also applicable to GEAs. 

Our choice for routinely use of the GEA instead of other arterial graft such as the 
radial artery, or inferior epigastric artery, is fueled by the ease of harvesting, the 
advantage of an in situ graft, and its flow and size. There is also no need for an extra 
skin incision. 

Encouraged by these results, we now use the GEA graft as the first adjunct to both 
ITAs even in the elderly patient. Previous gastric resection is an absolute contraindi
cations to the use of the GEA as a graft, whereas severe obesity, abdominal aortic 
operations and previous cholecystectomy are minor considerations. In patients with 
insulin dependent diabetes the use of two ITA grafts was associated with a higher risk 
of sternal infections26. However, we performed these operations in 11 patients with 
insulin dependent diabetes and observed no problems with sternal wound healing. 

In conclusion, our patients with three-vessel coronary artery disease who were 
revascularized with the GEA and the left and right ITAs had excellent short-term and 
midterm results. Mortality and morbidity were low even in elderly patients. At this 
moment, we have no indications of progressive deterioration of graft patency. On the 
basis of these results, together with the knowledge that arteries are to be preferred over 
veins for coronary bypass grafting and the absence of a leg incision, we believe this 
operative technique to be superior to the use of venous grafts. 
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ABSTRACT 

Background. The last ten years there is a trend to use more arterial grafts instead of 
vein grafts for coronary bypass grafting. Although there are many reports on the short
and midterm follow-up of patients who underwent total arterial revascularization, 
little is reported on the long-term follow-up of these patients. 
Methods. We reviewed a group of 256 patients with three-vessel disease (233 men, 23 
women; mean age 57.9), operated on with the use of the right gastroepiploic artery 
together with both internal thoracic arteries. Vein grafts were not used in these 
patients. The patients were followed for up to 7 years (mean 5 1  +/- 15  months). 
Results. Actuarial survival after 7 years was 91.1 %. The cumulative probability of 
event-free survival for myocardial infarction, reintervention and angina pectoris at 7 
years was 97.3%, 95.4% and 85.4% respectively. Graft patency was assessed by 94 
follow-up catheterizations in 86 patients. The mean patency rates of the left internal 
thoracic artery, the right internal thoracic artery and the right gastroepiploic artery 
were 98.8%, 95.3% and 90.6% respectively at 5 years postoperatively (mean 24 
months). 
Conclusion. We conclude that concomitant use of the gastroepiploic artery with both 
internal thoracic arteries results in low mortality and a low incidence of myocardial 
infarction and reintervention at follow-up. Most interestingly, we found a 85.4% 
freedom from angina pectoris after seven years, which is considerably lower than the 
results of studies in which vein grafts are used. These results highly support the use of 
both internal thoracic arteries and right gastroepiploic artery for bypass grafting in 
patients with three-vessel disease. 

ULTRA MINI ABSTRACT 

Use of the GEA with both ITAs for total arterial revascularization in 256 patients has 
high actuarial survival and a high cumulative probability of event-free survival for 
myocardial infarction, reintervention and angina pectoris at 7 years after the operation. 
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INTRODUCTION 

Compared to the saphenous vein, the internal thoracic artery (ITA) is less susceptible 
for atherosclerosis l .2·3• Accordingly, single as well as double use of !TA-grafts has 
demonstrated through the years to improve survival, to reduce the occurrence of late 
myocardial infarction and the recurrence of myocardial ischemia, without significant 
increase in peri-operative morbidity or mortality3•4·5•6•7• Therefore the current trend of 
coronary surgery is toward a complete arterial revascularization, also in patients with 
three-vessel disease. However, in most patients with three-vessel disease, both ITAs 
don't provide enough graft material to revascularize the entire myocardium. Further
more, although the posterior descending artery has to be grafted frequently, the results 
of grafting the right ITA to this particular vessel are disappointing. These lwo facts 
encouraged the use of the right gastro-epiploic artery (GEA) as a pedicled arterial 
graft for myocardial revascularization. 
At this moment only short- and midterm results of the GEA as bypass graft are well 
documenteds,9,10. 1 1 , 1 2. 1J.J4,1s. 

In this study we report the 7 year-results of a previously described group of 256 
patients with three-vessel disease who unde1went myocardial revascularization with 
the exclusive use of both ITAs and GEA. Venous grafts were not used. We already 
showed the in-hospital mortality and morbidity and the short term follow-up (mean 
25 months) in this group of patients 15 . In this paper we present the same group of 
patients with a longer duration of follow-up (mean 51 months), up to 7 years. 

PATIENTS 

From September 1 989 to September 1994, the first 500 patients were operated on 
with the use of the GEA at the University Hospital in Groningen, The Netherlands. 
A subgroup of 256 patients were operated on with exclusive use of both ITAs and 
GEA. These 256 patients represent 1 7% of all patients undergoing bypass grafting for 
three-vessel disease in the same period. The study group consisted of 233 men (91  % ) 
and 23 women (9%) with a mean age of 57.8 years (range 31-77 years). All patients 
had three-vessel-disease. Pre-operative characteristics of these patients are shown in 
table I. 

A total of 931 arterial anastomoses was performed. Table II shows the sites of the 
anastomoses. A sequential left !TA-graft was used in 1 29 patients (50%) (117 with 
two distal anastomoses, 1 2  with three distal anastomoses). A sequential right ITA
graft was used in 15 patients (6%) and a sequential GEA-graft in 8 patients (3. 1 % ) .  A 
free !TA-graft was used in 7 patients and a free GEA-graft was used in three patients. 
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No.  Percent or 256 

NYHA Class 1 1-III 1 73 67  

Class IV 83  3 3  

Myocardial infarction 1 40 5 4  .7  

- 1  myocardial infarction 1 20 4 6 .9 

-2 myocardial i11jtirctions 1 9  7 . 4 

-3 myocardial i11farctions I 0 . 4  

Hypercholeslerolaemia 1 33 5 2  

Diabetes Mellitus I 3 5 . 0 

PTCA 2fi 1 0  

Rcoperation 28  J I  

Prior laparatomy 9 3 . 6 

NYHA, New York Heart Association; PTCA, percutaneous 
transluminal coronary angioplasty. 

LAD 
Diagonal 
ex 

RCA 
RDP 
RPL 

Total 

GEA 

I 
6 

4 1  

1 98 

1 7  

264 

LITA 

1 60 

9 8  

1 39 

397 

RITA 

88  

1 3  

1 66 

3 

270 

GEA, Gastroepiploic artery; LITA, left internal thoracic 
artery; RIMA, right internal thoracic artery; LAD, left 
anterior descending coronary artery; CX, circumflex 
coronary arte1y; RCA, right coromuy artery; RPO, right 
posterior descending; RPL, right postcrolateral. 
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METHODS 

All data were updated in the beginning of 1 997 and the common closing elate was 
April 30 th 1 997. Clinical information about survival and subsequent cardiac events 
was obtained by interviews by medically trained personnel and by examination by the 
patient's own cardiologist. If death or a severe cardiac event occurred, the patient's 
own physicians were asked for more detailed information. Recurrent angina pectoris 
was graded according to the New York Heart Association Scale. 

Via interviews the patients were asked if they were willing to undergo angiography 
and if so, they were seen in the outpatient clinic. Angiography was obtained in 86 
patients at a mean of 22 months postoperatively (range 1 week-53 months); 75% of 
these patients were willing to undergo angiography after giving written informed 
consent, 25% of these patients underwent catheterization because of the recurrence of 
angina pectoris or other complaints. Eight patients underwent a second angiography at 
a mean of 45 months postoperatively (range 13-61  months); 50% after giving written 
informed consent, 50% because of the return of symptoms. 

At angio-graphy, progression of atherosclerosis (graft stenosis) was defined as any 
visible stenosis anywhere in the graft(s), including the sites of anastomoses. A patent 
graft was defined as a non-stenotic graft. 

Technique of operation 

The standard median sternotomy was extended 5 cm caudally, after which the right 
ITA and then the left ITA were harvested. The pedicles were wrapped in a sponge 
soaked in papaverine solution. The pleural cavity was intentionally left closed. The 
peritoneal cavity was opened and the GEA was palpated to asses its caliber. The GEA 
was dissected with the use of two surgical clips (Hemoclip, medium, Pilling Weck, 
Research Triangle Park, N.C.) on each side branch to the stomach and omen tum. The 
branches were divided by electrocoagulation. The G EA was dissected leftward to two 
thirds of the greater curvature of the stomach and proximal to the pylorus. After 
systemic heparinization, the distal part of the GEA graft was divided and 0.5 ml of a 
solution of papaverine (0.1 mg/ml) was gently injected into the distal part of the graft 
or was injected into the fatty tissue of the pedicle. The routing of the GEA to the 
pericardia! cavity was anterior to the pylorus and the left lobe of the liver. An incision 
in the diaphragm was made anterior to the inferior caval vein. The coronary anasto
moses were made with runnLng 8-0 polypropylene sutures. The pedicle was fixed to 
the epicardiurn by means of two or three sutures (6-0 polypropylene) to avoid kinking 
of the graft at the anastomosis. The peritoneum was closed with a running resorbable 
suture without a drain. The right ITA was tunneled under the mediastinal fat, directly 
over the superior caval vein by incision of the pericardium, and was routed thrnugh 
the transverse sinus to reach the circumflex coronary artery. To reach the left anterior 
descending coronary artery the right ITA was also tunneled under the fatty tissue to 
avoid fixation to the sternum and was routed over the aorta. The left ITA was also 
routed under the mediastinal fat, deep along the parietal left pleura to either the left 
anterior descending or the circumflex coronary artery. Postoperative anticoagulation 
treatment consisted of acetyl salicylic acid 1 00 mg daily. 
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Technique of angiography 
The elective follow-up angiography was done with the Judkins technique, by the 
femoral approach. Standard Judkins 7F, right coronary artery catheters and pigtail 
catheters were used for the native coronary artery injections and the left ventricular 
angiogram. Selective angiography of the left and right ITA was done with ITA 
catheters. Angiography of the GEA was performed with a special technique. The 
celiac trunk was cannulated via a lateral projection with a 7F special GEA catheter of 
own design (built to specification by Cordis Europe NV, Roden, The Netherlands). 
A soft, steerable 0.035-inch guide wire (Terumo Corporation, Tokyo, Japan) was 
advanced into the common hepatic artery or subselectively into the gastroduodenal 
artery via the posteroanterior view. The contrast catheters were advanced over these 
guide wires into the gastroduodenal artery or even into the origin of the GEA. This 
technjque allowed for selective hand injections of contrast medium and for excellent 
visualization of the GEA graft and its anastomoses, as well as the native coronary 
artery distal to the anastomosis with multiple projections. All angiograms were 
recorded on cinefilm at 12.5 to 25 frames per second and were reviewed by two 
independent observers. 

Statistics 
The following clinical events were analyzed: mortality (from any cause, including in
hospital mortality), myocardial infarction (including peri-operative infarction), 
cardiac reoperations (CABG and PTCA) and the recurrence of angina pectoris. The 
actuarial survival was calculated according to the Kaplan-Meier method. 
The patency rates were calculated as follows: 
- The percent patent anastomoses of the number of anastomoses that were examined 

each year postoperatively was calculated. 
- The mean postoperative patency of the total number of anastomoses that were 

examined was calculated (129 LITA-anastomoses, 89 R ITA-anastomoses, 88 GEA
anastomoses ). 

- The mean postoperative patency of the total number of grafts that were examined was 
calculated (86 LITA-grafts, 86 RITA-grafts, 85 GEA-grafts). 

RESULTS 

No patient was lost during follow-up. The mean post-operative follow-up was 
51 +/- 1 5  months (up to 84 months). 

Mortality 
During follow-up a total of 12 patients died ( 4.7% ). Four patients died in hospital due 
to in-hospital complications as described in our previous report 15. The other 8 
patients died respectively 25, 26, 28, 38, 44, 52, 63, and 68 months after the operation. 
Four patients died of a non-cardiovascular cause (two of lung-carcinoma, one of 
colon-carcinoma, one of a temporal subdural haematoma). Four patients died of a 
cardiovascular cause (two of cardiac failure, one of ventricular fibrillation, one of 
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endocardi tis). Seven-year actuarial survival ( including in-hospital death and death of a 
non-cardiovascular cause) for this group of 256 patients who received left and right 
!TA-grafts and GEA-graft was 9 1 . 1  % (Figure 1). 

0 20 40 60 

months after operation 

Morbidity 

80 100 

Figure I .  
Seven-year actuarial s11rviwd 
(including in-hospilal mortality). 

Hospital morbidity is described in our previous report 15• In th is current report the 
morbidity from discharge from hospital to the end of fol low-up wi l l  be described. 
After discharge from hospital 2 patients suffered a myocardial infarction. ( one 
anteroseptal infarction,  one inferior infarct ion). Seven-year-infarct-free card iac 
survival for th is group of patients ( including 5 i n-hospital infarctions) was 97.3% 
(figure 2). 

0 20 40 60 

months after operation 

80 100 

75 

Figure 2. 
Seven-year actuarial freedom from 
myocardial infarclion 
(inc/11di11g in-hoJpital i11farc1ions). 
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Eleven patients had to undergo a reintervention procedure. Two patients had to 
undergo a redo-CABG (a few hours after their primary operation, as described in our 
previous report 15) and nine patients had to undergo a PTCA. Six of these nine patients 
underwent a PTCA because of malfunctioning of the GEA. The actuarial freedom 
from reintervention at 7 years after the operation was 95.4% (Figure 3) . 

100% 

--,__,_ _______ 95,4% 

90% 

80% 

70% 

0% -<.--- -- - - -- -- -- - -- -� -- �  
(I 20 40 60 80 1 00 

months after operation 

Figure 3. 
Seven-year actuarial fi-eedo111 fi·o111 
reinle1venlio11 
(i11c/11di11g in-hospital reinterventions). 

After leaving the hospital 28 patients experienced a return of angina pectoris. 
Eighteen patients were in NYHA class I I, 10 patients were in NYHA class III .  
Angina pectoris patients from any class were included in the calculation o f  the seven
year-angina-free cardiac survival. Seven-year-angina-free cardiac survival was 85.4% 
(Figure 4). 
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Figure 4. 
Seven-year actuarial fi-eedo111 fim11 
angina-pec/oris. 
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Years after Number of anastomoses Percent patent 
the  operation examined anastomoses 

1 year 4 2  97 .6% 

2 years 3 5  JOO% 

3 years 3 1  1 00% 

4 years ] 9 100% 

5 years J l JOO% 

6 years 3 1 00% 

Mean patency of  the 

examined anastomoses* 99 .2% 

*In the group of patients that underwent two angiography's, 
the most recent angiography was used for the calculation of 
the mean patency. 

Years after Number of anastomoses 
the operation examined 

1 year 3 1  

2 years 2 2  

3 years 2 0  

4 years 1 6  

5 years 6 

6 years 

Mean patency of the 

examined anastomoses* 

2 

Percent patent 
a nastomoses 

96 .8% 

95 .5% 

1 00% 

87 .5% 

1 00% 

1 00% 

95 .5% 

*In the  group of patients that underwent two angiography's, 
the most recent angiography was used for the calculation of 
the mean patency. 

Years after Number of anastomoses Pe1·cent patent 
the  operat ion examined anastomoses 

1 year 3 3  87 .9% 

2 years 2 2  86.4% 

3 years 1 8  94.4% 

4 years 1 5  93 .3% 

5 years 8 1 00% 

6 years 2 100% 

Mean patency of the 

examined anastomoses* 90 .9% 

*In the group of patients that  underwent two angiography's, 
the most recent angiography was used for the calculation of 
the mean patency. 
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Patency of LlTA-anasto111oses at 
angiography's pe,fonned each 
year after the operation. 

Table II� 
Patency of R1TA-anasto111oses at 
angiography's pe1for111ed each 
year after the operation. 

Table I� 
Patency of GEA-anastomoses at  
angiography's pe1fon11ed each 
year after the operation. 
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Graft patency 
The data on patency are generated from 94 follow-up catheterizations. One catheteri
zation was obtained in 86 patients (in 75% of the patients after giving written in
formed consent, in 25% because of the return of symptoms), eight patients underwent 
a second catheterization ( 4 patients after giving written informed consent, 4 patients 
because of the return of symptoms). A total of 306 anastomoses was examined (some 
of them twice). Table I II, IV  and V show the amount of anastomoses that were exam
ined yearly after the operation and the percent patent anastomoses of these examined 
anastomoses. The patency rates of LITA-, RITA- and GEA-anastomoses at a mean of 
24 months postoperatively (range 1 week-61  months) were 99.2% (1 28/129), 95.5% 
(85/89) and 90.9% (80/88) respectively. The patency rates of LITA-, R ITA- and 
GEA-grafts at a mean of 24 months postoperatively (range 1 week-6 1  months) were 
98.8% (85/86), 95.3% (82/86) and 90.6% (77/85) respectively. 

DISCUSSION 

From the early years of coronaiy bypass surgery till today, the saphenous vein grafts 
are the most commonly used grafts. However, the last ten years there is a trend to use 
more arterial grafts instead of vein grafts for revascularization of the ischemic myo
cardium. A serious problem of venous grafts is "vein graft disease" 16• Despite large 
scale research, much remains unknown about this phenomenon 17• Nevertheless, it has 
become apparent that the long term patency of vein grafts is poor, with consequent 
recurrent angina pectoris and subsequent cardiac events. Follow-up studies indicate 
that between 5 and 7 years, 25-35% of the vein grafts have occluded 18• 1 9 • At ten years, 
40-50% of the grafts have occluded20

•2 1 ·22• And, even if the vein grafts are patent, they 
are frequently diseased, with a rate of stenoses of 48% at 5 years and 81 % at 15 
years 23 . In contrast, excellent long term patency and better patient outcomes have been 
demonstrated for !TA-grafts in several series 1 •2·35•6•7 • The improved survival with ITA
grafts is due to improved patency rates of these grafts, which, if they are patent immedi
ately postoperatively, usually remain patent, whereas vein grafts exhibit progressive 
atherosclerosis 24• 

On the basis of these findings, it seemed desirable to perform coronary bypass 
operations with arterial grafts only, even in patients with three-vessel-disease. The 
right gastroepiploic artery (GEA) was thought to be a promising alternative conduit 
for the saphenous vein in adjunct to both ITAs. Using the GEA, myocardial revascul
arization could be achieved with the use of arterial grafts only, even in patients with 
three-vessel-disease. 

We restudied a group of 256 patients, suffering three-vessel-disease, who underwent 
coronary bypass surgeiy with the use of the three arterial grafts above mentioned (left 
ITA, right ITA, GEA). Compared to studies with vein grafts, single !TA-grafts and 
double !TA-grafts, our results seem promising. 
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Mortality 
Actuarial 7-year-survival in our study group was 9 1 . 1 % (hospital mortality included). 
This is a satisfactory outcome, especially regarding the fact we only studied patients 
with three-vessel disease and we included in-hospital mortality in the calculation of 
the actuarial 7-year-survival. Van Brussel et al.25 report on 428 consecutive patients, 
who underwent isolated venous aortocoronary bypass surgery. The actuarial survival 7 
years after the operation was 92% (ex:cluding in-hospital mortality) .  Cameron et al.7 

studied 3 groups of patients: 214 patients receiving vein grafts only, 490 patients 
receiving single !TA-grafts with or without additional vein grafts and 39 patients 
receiving double !TA-grafts. The cumulative survival rates at 7 years after the opera
tion, which includes operative deaths, were 82% for vein grafts, 88% for a single ITA
graft and 92% for bilateral !TA-grafts. This study clearly shows the actuarial survival 
increases as the number of arterial grafts increases. Sergeant et al.26 studied a consecu
tive series of 5880 patients after isolated first time coronary bypass surgery. Fifty-two 
percent of these patients were operated on with the use of vein grafts only; at least one 
!TA-anastomosis was performed in 48% of the patients. The 7-year actuarial survival 
in this group of 5880 patients was 98% (excluding in-hospital mortality). Fiore et al.3 

studied 100 patients who had coronary bypass grafting with the use of one !TA-graft 
along with saphenous vein grafts and 100 patients operated on who had two !TA-grafts 
and additional saphenous vein grafts. The 7-year actuarial survival rates were 87% and 
88% for patients with single and double !TA-grafts, respectively (excluding in-hospital 
mortality). 

Morbidity 
Myocardial infarction. Seven-year actuarial freedom from myocardial infarction in our 
study group was 97.3% ( Trible VI). In the patients receiving vein-grafts of Van Brussel 
et al.25, actuarial freedom from myocardial infarction was 95%. Cameron et al.7 

reported a 7-year actuarial freedom from myocardial infarction of 86% in the patients 
in whom only venous grafts had been used. In the 490 patients who received a single 
!TA-graft, 91 % was free from myocardial infarction at 7 years after the operation. In 
the study of Sergeant et al.26, in which patients were operated on with the use of vein
grafts ( 48% with an additional !TA-graft), the actuarial freedom from myocardial 
infarction at 7 years after the operation was 84%. In the publication of Fiore et al.3 , 
7-year actuarial freedom from myocardial infarction was 92% in the group of patients 
who received a single !TA-graft, as compared with 85% in the group of patients who 
received double !TA-grafts. 

Reintervention. The 7-year actuarial probability of remaining free from reintervention 
after coronary bypass in our study (95.4%) is comparable to that in other studies 
(Trible VI). In the report of Van Brussel et al.25, in which patients who received vein 
grafts were studied, the actuarial freedom from coronary bypass reoperation and 
coronary balloon angioplasty was 94%. Cameron et al.7 indicated that the cumulative 
proportion of patients who received vein grafts or single !TA-grafts remaining free 
from reoperation or balloon angioplasty was 90% and 98% after 7 years, respectively. 
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Published 
reports 

Survival Freedom from Freedom from Freedom from 

Vein-grafts only -Van Brussel25 92% 

-Cameron7 82% * 

Single !TA-grafts -Sergeant2" 98% 

-Fiore3 87% 

-Cameron7 88% * 

Double !TA-grafts -Fiore3 88% 

-Carneron7 92% * 

Double lTA-grafts -Present study 9 1 .  l % * 

and GEA-graft 

infarction angina pectoris reintervention 

95% 67% 94% 

86% 59% 90% 

94% 77% 

92% 60% 97% 

9 1 %  60% 98% 

85% 66% 95% 

97.3% .. 85.4% ... 95.4% 

* I ncluding in-hospital morta l i ty; .A. Including in-hospital infarction; T Including in-hospital 

reintervention. 

Table VI. Oven,iew of publislted reporls 011 acllwrial s111vival, lite actuarial probabilily of re111ai11i11g 
free fro111 111yocardial i11farctio11, lite ac111arial probability of re111ai11i11g free fro111 rei111e1ve11/io11 (repeat 
coro1w1J' bypass s11rge1y or coro11a1y ba/10011 a11gioplas1y) a11d lhe actuarial probabilily of re111ai11i11g 
free fro111 a11gi11a pecloris 7 years afler the pri111a1y operalio11. 

In the study of Fiore et al.3 the probability of freedom from reoperation at 7 years was 
97% in the group of patients receiving a single !TA-graft and 95% in the group of 
patients receiving double !TA-grafts. Table V I  clearly shows that the need for 
reoperation decreases as the number of arterial grafts increases. It should be noted 
that, in contrast to the other studies we included two in-hospital reoperations. 

Angina pectoris. In 14.6% of the patients in our study, angina pectoris recurred within 
7 years after the primary operation. In the vein graft study of Van Brussel et al.25 32% 
of the patients experienced a return of angina pectoris within 7 years after the opera
tion. In the study group of Sergeant et al.26 The 7-year actuarial probability of recur
rence of angina pectoris was 23%. Cameron et al.7 reported a 7-year actuarial recur
rence of angina pectoris of 41 % in the patients who received vein grafts and 40% in 
the patients who received a single !TA-graft. In the report of Fiore et al.3 40% of the 
patients who received a single !TA-graft experienced a recurrence of angina pectoris 
as compared with 34% of the patients who received double !TA-grafts. Our 7-year 
actuarial freedom from angina pectoris of 85.4%, is considerably lower compared to 
the studies in which vein grafts, single !TA-grafts and double !TA-grafts were used. 
Since all patients in our study group were explicitly asked about angina! complaints, 
we firmly believe not to have underreported the incidence of angina pectoris. 
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Patency. In our study 86 patients underwent catheterization (some of them twice). 
A comparison was made between the patency of the grafts studied in our study and the 
patency of grafts examined in other studies (Table VII). In our group of patients, both 
!TA-grafts are doing very well. Although 5-year patency rate of the GEA-grafts is still 
lower than that of the !TA-grafts, they showed good functioning as well. Furthermore 
it s hould be noted that 75% of the GEA-grafts we used, were anastomosed to the right 
posterior descending coronary artery which is a difficult artery to bypass. The 5-year 
patency of the GEA-grafts in our study (90.6%) is comparable to the 5-year patency of 
GEA-grafts in other studies; Suma et al. and VoutiJainen et al. calculated a 5-year 
patency for GEA-grafts of 95% and 82. 1 % respectively 1 3•27 • Although the patency of 
the GEA-grafts is a bit lower than that of !TA-grafts, the 5-year patency of the GEA
grafts is much better than the 5-year patency rates of vein grafts. Lytle et al. 1 and 
Fitzgibbon et al.20 found a 5-year patency of vein grafts of 82% and 80% respectively. 
We expect the difference in patency between GEA-grafts and vein-grafts will increase 
through the years, because many studies have shown that vein-grafts suffer vein-graft 
disease 1 6•23 • With the passage of time atherosclerosis becomes very common in these 
grafts, especially 7-years post-operatively there's a striking increase in graft 
closure 18, 1 9,20,23,24• It is expected that GEA-grafts will not show th is increase, just like 
both !TA-grafts 1 •2 •5• 

Data published on results of patients with coronary revascularization with vein 
grafts, single !TA-grafts and double !TA-grafts are in most instances difficult to 
compare because of differences in the inclusion and exclusion criteria. However, if we 
allow comparisons between our study and studies in which vein-grafts and/or ITA
grafts are studied, our results at 7 years after the operation are satisfactory. Mortality-, 
myocardial infarction- and reintervention-rates in our three-vessel disease patients are 
at least comparable to the results of other studies, while our results indicate a consid
erably lower incidence of angina pectoris. But despite these promising results, follow
up was still too short to make definite conclusions. Moreover, we still have to wait for 
the real long-term results before we are able to conclude that revascularization of 
patients with three-vessel disease by arterial grafts only is preferred over additional 
vein grafts for coronary bypass grafting. 

Published reports 

Vein-grafts -Lytle 1 

-Fitzgibbon'1 1  

ITA-grafts -Vouti lain27 

-Present study 

GEA-grafts -Suma 13 

-Vout i la inen27 

-Present study 

Patency 

82% 

80% 

LITA:90,3%;RITA:94,4% 

LITA:98.8%;RITA:95.3% 

95% 

82. 1 %  

90.6% 
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ABSTRACT 

The elective use of the right gastroepiploic artery (GEA) as an in situ graft has been 
well established in coronary surgery. We propose a new surgical technique for patients 
undergoing reoperative coronary surgery with patent mammary graft to the left 
anterior descending artery. The GEA is utilized through a small laparotomy when 
only the right coronary artery or the posterior descending arte1y need 
revascularization. The described technique allows to avoid both re-sternotomy and 
cardiopulmonary bypass. 

INTRODUCTION 

The use of the right gastroepiploic artery (GEA) as an elect ive pedicle graft for 
coronary surgery, along with the internal mammary arteries, has been recently estab
l ished in large series of patients 1-3• However, the routine use of the internal mammary 
artery at the first coronary operation, may create a troublesome situation during 
reoperations, in part icular if a patent arterial graft lies in the midline, behind the 
sternum4 • 

Alternative techniques, i.e. the small anterior left thoracotomy, have been used to 
avoid both re-sternotomy and cardiopulmonary bypass in these pat ients5. 

We propose a new surgical technique for patients undergoing reoperative coro
nary surgery with patent mammary graft to the left anterior descending artery and in 
need of revascularizat ion of the right coronary artery or posterior descending artery. 

Technique 
The patient is prepared and positioned as for the standard mid line sternotomy. The 
perfusionist is on stand-by and the heart-lung machine is not primed. An incision of 
10-15 cm is made on the inferior aspect of the previous sternotomy ( approximately 2/ 
3 of the length of the incision caudally and 1/3 cephalad to the xyphoid). The xyphoid 
is removed, freeing it from the adhesions by means of electro-cauthery, and a conven
tional sternal retractor is used to provide adequate exposure. Then the peritoneum is 
opened in the midline and the GEA is harvested by dividing the branches with electro
coagulation between two surgical clips on both sides (stomach and omentum)2. The 
fat pedicle is then infiltrated with a 0.1 mg/ml papaverine solution. Then the 
undersurface of the last 5 cm of the sternum is freed from the adhesions and a "T"
shape incision is made in the lower part of the sternum with the oscillat ing saw 
(Figure 1) and the conventional spreader is positioned and gently opened, spreading 
only the lower part of the sternum. The diaphragmatic surface of the heart is dissected 
free from the diaphragm, thus exposing the posterior descending artery or the right 
coronary artery. 

Systemic heparinization is given at one-third (1.0 mg/Kg instead of conventional 3 
mg/Kg required for cardiopulmonary bypass) to keep the activated clotting time 
longer than 250 seconds. Then the distal part of the GEA is ligated and divided and a 
0.1 mg/ml papaverine solution is gently injected into the graft. 
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Figure 1. S111gical access: 
The ski11 i11cisio11 of 10-15 c111 is 111ade 01110 the 
lo1ver part of the p;.evious stemo10111y 
(approxi111ately 2/3 of the length of the incision 
caudad a11d 1/3 cephalad to the .1yphoid). 
ff present, the loll'est stem al ll'ire is removed. 
The 1/1ick lines represent the ''T"-shape incision 
made ll'ith the oscillati11g sall' in the l01ver part of 
the stem11111. Then a co11ve11tio11a/ stem11111 :,preader 
can be positioned and gently opened, ,\JJreading !he 
loll'er part of t/1e sten111111. 

R E D O C A B G  U S I N G  G EA W I T H O U T  C P B  

Two stay sutures are applied to the diaphragmatic pericardium and pulled upward. 
Two additional stay sutures are used to pul l caudally the free anterior edge of the 
diaphragm, thus providing a good exposure of the inferior aspect of the heart. Like in 
all our patients where we use the GEA, the GEA is routed anterior of the pylorus and 
left l iver lobe and is entered into the pericardium through a hole in the diaphragm 
anterior of the inferior caval vein. The target coronary vessel is then surrounded with 
two 5-0 polypropylene looping sutures (Prolene, Eth icon, Inc., Somerville, NJ), 
proximally and distally to the site of the arteriotomy5. The GEA-to-coronary anasto
mosis is then performed using a running 7-0 polypropylene suture (Prolene, Eth icon, 
Inc., Somerville, NJ) on the beating heart. The pedicle is fixed next to the anastomo
sis. Heparin is reversed with the equivalent dose of protamine at the end of the 
operation. The peritoneum is then closed with an absorbable running suture and soft 
tissues are closed as routinely. For closing the 'T'-shape incision of the sternum one 
sternal wire is used to approximate the inferior part of the sternum. 
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RESULTS 

From June 1994 to November 1995, 5 patients with previous coronary surgery (Trible I) 

and recurrence of angina underwent reoperative coronary surgery according to the 
above described technique. They all were preoperatively in CCS class I I I ,  regardless 
of full pharmacological treatment. Cardiac catheterization (Figure 2) showed in 4 
cases the occlusion of previous venous grafts to the right coronary artery and in 1 case 
progression of atherosclerotic disease affecting a previously undiseased right coronary 
artery. In all cases the left internal mammary graft to the LAD was found to be patent. 

All patients gave informed consent to the operation and unde1went reoperative 
coronary surgery according to the above described technique. No ECG changes were 
recorded during the periods of partial coronary occlusion needed for performing the 
anastomoses. There were neither deaths nor perioperative myocardial infarctions. 
Postoperative course was uneventful in all cases. One-month postoperative treadmill 
stress test and the following treadmill tests were negative for recurrence of angina. In 
patients 1 and 2, one-year postoperative angiographic study showed the patency of the 
GEA graft to the posterior descending artery (Figure 3) . Patient 3 and 4 refused the 
study. Patient 5 was not selected for angiographic study due to the presence of an 
aorto-bifemoral prosthesis, previously implanted for the surgical t reatment of Leriche 
syndrome. AJI patients underwent postoperative color-Doppler echographic imaging7 

of the GEA that showed a pattern of diastolic flow indicating the patency of the 
pedicled graft 

Table I. Patients data. 

pt age/sex pre.CABG patent vsls occluclecl t ime grft. fw-up fw-up 
vsls surg vsl angio Doppler 

62/M 1 983-93 LIMA➔ LAD vein RCA 1 1 0 RPD patent patent 

2 68/M 1 993 LIMA➔LAD vein RDP 1 02 RDP patent patent 

3 7 1 /M ] 994 LIMA➔LAD native RCA 90 RCA n.p. patent 

4 40/M 1 989 LIMA➔LAD vein RDP-RPL 1 80 RDP n .p .  patent 

5 75/M 1 990 LIMA➔LAD vein RDP 85 RCA n .p. patent 

pl: patient; pre. CABG: elate (year) of previous coronary surgery; palenl vs/s : patent vessels at the 
time of reoperative surgery; occluded vessels: occluded vessels at the time of reoperative surgery; 
Ii/lie swg: time to perform the reoperative surgery (in minutes); g1fi vs/: bypassed vessel at 
reoperative surgery, fi11-11p a11gio: postoperative angiographic evaluation of the GEA; fiv-up 
Doppler: postoperative transcutaneous color Doppler imaging of the GEA; LAD: left anterior 
descending artery; LIMA : left internal mammary artery; RCA : right coronary artery; RPD: right 
posterior descending artery; RPL: postero-lateral branch; vei11: saphenous vein graft; n.p. : not 

performed. 
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Figure 2. Preoperative angiogmphy: injection of the right coron1ny arte,y in left anterior oblique 
projection, showing a di}Ji1se disease of the middle tract of the arte1y. 
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Figure 3. 
Poslopemtilie a11giogmphy: 

A- tl,e picture sl,0111s tl,e 
G/:.11-to-rigl,t coro11a1y arte,y 
111111sto111osis i11 lefi 1111/erior 
oblique projectio11. 

B: tl,e picture sl,0111s //,c 
scleclive i11jectio11 of 1/,e 
celiac lm11k, 111i1J, 11,e 

. vis1111lizatio11 of tl,e proximal 
part of //,e pedic/ed GEA 
gmji. 
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Comment 
Coronary reoperations are associated with increased mortality and morbidity8 and 
this is due in part to the detrimental effect of the cardiopulmonary bypass in these 
patients6 • Favorable resul ts of reoperative coronary surgery without cardiopulmonary 
bypass have been reported5 • In addition, the possibility to avoid the resternotomy and 
the related risks is attractive, in particular in those patients that have a patent internal 
mammary graft to the left anterior descending artery. In fact, there is a consistent risk 
of damage to the mammary graft while dividing the sternum where the graft crosses 
the mid line. The need to free the mammary graft from adhesions and to occlude it 
during cardioplegic delivery adds further risk to the procedure. 

The surgical technique that we describe is effective in order to avoid all the above 
mentioned risks and can be used safely in patients undergoing reoperative coronary 
surgery with patent mammary graft to the LAD and with the need for revascularization 
of the right coronary artery or posterior descending artery with a certain diameter of 
more than 1 - 1 .5 mm. Some experience in operating on the beating heart is fundamental. 
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ABSTRACT 

In coronary artery bypass grafting, we prefer the right gastroepiploic artery (GEA) 
as an adjunct to the internal mammary arteries, due to its comparable size to the 
mammary artery, flow, length, freedom of atherosclerosis, pharmacologic responses 
and patency rate. 

No major gastric complications after the use of the gastroepiploic artery have 
been reported yet. We report gastric perforation due to excessive coagulation of 
side branches of the gastroepiploic artery supplying the greater curvature of the 
stomach. 

I NTRODUCTION 

In coronary artery bypass grafting, the gastroepiploic artery (GEA) has a compara
ble patency to mammary due to its size, flow, length1 , l imited development of 
artherosclerosis and endothelial response to vasoactive substances 1 • 

Recently we demonstrated that the mean 10 months patency of a GEA graft, 
as evaluated by graft and coronary angiography, equals the patency of an internal 
mamma1y artery (95% versus 96%, respect ively)3, and thus is superior to venous 
grafts. 

However, the use of a GEA is technically more demanding and requires 
opening of the abdominal cavity which may complicate future intraabdominal 
operation. 

Abdominal complications after revascularization of the myocardium with the 
GEA as an in situ graft are few. In particular, gastric mucosa! blood flow after 
harvesting of the GEA is not impaired4• Postoperative bleeding and incisional 
herniation are the most frequently observed abdominal complications. In a pro
spective study with 1 40 patients, Suma and associates 4 reported that the use of a 
GEA graft did not increase surgical risk. 

Therefore, the GEA presently is our graft of choice as an adjunct to the internal 
mamma1y arteries in three-vessel coronary arte1y disease in our institution. 

We now report the our first major abdominal complication after harvesting of 
the GEA in 400 pat ients in whom we used the GEA as a bypass graft. 

CASE 

A 29-year-old woman with a 3-months-old large posterolateral infarction under
went CABG because of unstable angina pectoris due to extensive atherosclerosis. 
She was known to have hyperlipoproteinemia type IL History also revealed a 
spontaneous closure of a ventricular septa! defect. She was being treated with 
platelet function inhibitors, antianginal medication, and cholesterol-lowering 
drugs. Angiography showed impaired left ventricular function and three vessel 
coronaiy artery disease with a 80% stenosis of the left anterior descending artery, 
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occlusion of the obtuse marginal branch of the circumflex artery, and 90% stenosis 
of the right coronary artery. Revascularization of the myocardium was performed 
with the left internal mammary artery as an in situ graft anastomosed to the left 
anterior descending artery (LAD) and with the in situ GEA to the posterior 
descending branch (RDP). The GEA was harvested with the use of two surgical 
clips (medium Hemoclip®; Edward Weck & Co, Research Triangle Park, NC) on 
each side branch between the stomach and the omentum. The branches were 
divided between the clips by electrocoagulation. After harvesting the GEA was 
routed to the pericardia! cavity, anterior to the pylorus and the left lobe of the 
liver, via an incision in the diaphragm anterior to the inferior caval vein. The 
peritoneum was closed with a running absorbable suture without a drain. During 
the operation and the immediate postoperative period there were no complica
tions. Thirty-six hours after operation when ingestion was started, the patient 
complained of severe abdominal pain, initially without signs of peritonitis. In a 
few hours a fever (38.9 C), and leucocytosis developed, and she became hemody
namically unstable, resulting in oliguria. We consulted the general surgeon who 
performed an emergency laparotomy. At operation 2 L of clear peritoneal fluid 
were present. Samples were taken for culture. We found a thumb-sized perforation 
with black coagulated walls surrounded by a multitude of titanium hemostatic clips 
in the greater gastric curvature. After excision of the necrotic wall the gastric 
perforation was closed with interrupted non-absorbable sutures. The abdominal 
cavity was washed, cleaned and closed. 

Because the clinical signs of diffuse peritonitis persisted and the general 
condition of the patient detoriated due to septicemia, we did another laparotomy 3 
days later. At operation the gastric wall was intact. The intestines were covered 
with fibrin and again a large volume of ascites was removed .. The cultures of 
peritoneal fluid taken at both laparotomies showed high concentrations of Can
dida albicans, indicating fungal peritonitis. Intravenous antifungal therapy (Am
photericin B and flucytosine was started and continued during 1 8  days. During the 
further course we performed 11 re-interventions were at 2- or 3- day intervals 
until the peritoneal cavity was clean and the clinical signs of septicemia had 
disappeared. Five weeks after the coronary artery bypass procedure the patient 
finally could be extubated. She was discharged from the hospital in good ·condition 
10 days later. 

A large incisional hernia resulting from the multiple relaparotomies was 
successfully corrected 1 month later. We did not do a gastroscopy because of the 
absence of gastric complaints. Our patient refused the routine angiographic 
follow-up evaluation of the patency the GEA graft. Her condition did not yet 
allow us to perform an exercise test. 

She presently has no angina! complaints, and her electrocardiogram does not 
show any signs of ischemia. Furthermore, echocardiography shows a good left 
ventricular function. 
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Comment 

Although the GEA has become increasingly popular as an alternative bypass 
conduit for coronary revascularization, abdominal complications of harvesting the 
GEA are few. 

We called six other hospitals in the Netherlands and learned that our colleagues 
used the GEA in a total of 1 69 patients. They experienced only four incisional 
hernias and 1 patient with a bleeding in the hilus of the spleen. They reported no 
postoperative malfunction of the stomach. Therefore, gastric perforation after 
harvesting the GEA is the first serious gastric complication out of 569 cases 
operated on in the Netherlands. 

We hypothesize that the gastric perforation was due to heat injury as a result 
of overzealous coagulation close to the hemostatic clips on the gastric wall, because 
during the first laparotomy the walls of the perforation still showed signs of heat 
injury, whereas no signs of gastritis or ulceration were present. 

We still believe that a cautious use of coagulation in combination with clips is 
a satisfactory procedure to dissect the GEA for the reason that we used this 
harvesting technique in 400 other patients without a gastric perforation. However, 
excessive use of electrocoagulation close to hemostatic clips on the gastric wall 
should be avoided. 
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I N TRODUC TION 

The long-term patency of arterial grafts is superior to that of saphenous vein 
grafts. Therefore, in three vessel disease, the gastroepiploic artery (GEA) is now 
preferred to the saphenous vein as an adjunct to the internal mammary artery 
(IMA) grafts, because the two I MAs are generally not enough for total arterial 
myocardial revascularization 1 • However, bypass grafting with the GEA is technically 
more demanding and requires opening of the abdominal cavity. This case report 
describes a patient with a communication between the pericardia( and peritoneal 
cavities that was related to the surgical procedure of grafting with the GEA. 

CASE HIS TORY 

A 70-year old man was referred to our hospital because of severe dyspnoea. He 
had a history of pulmonary tuberculosis, resulting in empyema of the left lung and 
tuberculous spondylitis. He was also known with diabetes mellitus type I I  and left 
ventricular dysfunction due to prior anterior wall infarction. Two years ago, 
coronary angiography revealed that the left anterior descending artery (LAD) was 
occluded; the circumflex and right coronary arteries showed severe stenoses. 
Coronary bypass grafting of the obtuse marginal branch with the left I MA (LIMA) 
and the posterior descending artery (RDP) with the GEA was proposed. During 
surgery, however, the RDP appeared too small for grafting. So, since the infarc
tion in the LAD region was not transmural, the GEA was grafted to the LAD. The 
LIMA was used for the obtuse marginal artery ( Figure 1) . 

On admission, percussion of the heart showed shifting tympany. The heart 
sounds were diminished and a 'bruit de moulin '  was audible. Percussion of the 
abdomen indicated gaseous distension. Liver dullness was absent. There were no 
signs of peritonitis. Temperature was normal. Laboratory investigations revealed a 
slightly elevated ESR (21 mm/h) and leukocytosis (19xl09/l) with a normal differ
entiation. All cultures of blood, sputum, faeces and urine were negative. Particu
larly, no reactivation of tuberculosis could be demonstrated. Both a pneumope
ritoneum and pneumopericardium were seen on the chest roentgenogram (Figure 2) . 
Fluoroscopy with the patient in the upright and supine position demonstrated a 
pendulant gas collection between the pericardia! and peritoneal cavities. This 
connection corresponded with the site where the GEA was routed through the 
diaphragm (F igure 1). Computer tomography of the chest and upper abdomen 
confirmed the presence of air and fluid in both pericardia!  and peritoneal cavities. 
There were no signs of cardiac tamponade. 

The patient was treated with antibiotics, antacids and suction of the stomach, 
since perforation of the upper gastrointestinal tract was thought to be the most 
likely cause of the simultaneous pneumopericardium and pneumoperitoneum. 
Oesophagogastroduodenoscopy, however, did not show any abnormalities. Because 
of respiratory failure, mechanical ventilation was needed for 2 days. With this 
treatment the air gradually disappeared and two weeks later the patient could be 
discharged from the hospital in a clinically good condition. 
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Figure I. 
Coro11111y bypass grafti11g of the leji a11terior desce11di11g arte,y 
(LAD) 111ith the gastroepiploic arte,y (GEA). 
The GEA is routed through the 111ida111erior part of the 
diaphrag111, a11terior to the pylorus a11d leji lobe of the live,: 
The lefi i11temal l/1(///1//laty arte,y (LIA1A) has bee11 used as a 
gmft for the circu111flex arte,y (CX). Dolled circle with arro111: 
the operative path111ay 1Vhe11 the GEA is grajied to the right 
coro11my arte,y (RCA). 

A B 

Figure 2. Fro11tal (A) a11d /ateml (B) chest roe11tge11ogra111s sho1vi11g the p11eu111opericardiu111 (black arroll's} 
a11d p11eu111operito11e11111 (ll'hite arroivs). 
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DISCUSSION 

Usually, the GEA i s  anastomosed to the right coronary artery or its branches. 
During this procedure, the peritoneum is opened and, after harvesting, the GEA is 
routed anterior to the pylorus and left lobe of the liver through an incision in the 
diaphragm anterior of the inferior caval vein. In our patient, the GEA has been 
grafted to the LAD and, therefore, the incision has been made more medial in the 
midanterior part of the diaphragm (Figure I) .  Since the GEA is surrounded by 
fatty tissue, the created operative pathway is not sealed off by f ibrous scar tissue. 
Consequently, there remains a weak spot in the diaphragm that allows travelling of 
air or fluid under pathological condit ions. Indeed, in our patient, the communica
t ion between pericardium and peritoneum corresponded with the site of the 
incision in the diaphragm. 

Since 1989 approximately 750 operative procedures with the GEA has been 
performed in our hospital. Up to now, gastric perforat ion has only been observed 
once in the early postoperative period due to excessive coagulat ion during harves
t ing of the GEA2

. At first, the simultaneous pneumopericardium and pneumoperi
toneum was considered a late complication of arterial graft ing with the pedicled 
GEA as a result of gastrointestinal ulceration and subsequent perforation. How
ever, using oesophagogastroduodenoscopy, no lesions in either stomach or duode
num could be demonstrated. So, unfortunately, its etiology is still unknown. 
Spontaneous pneumoperitoneum wi thout peritonitis as a consequence of gaseous 
distension of the bowel should also be considered3

• 
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This thesis evaluates the use of the right gastroepiploic artery (GEA) as a coro
nary bypass graft. The use of the GEA for revascularization of the ischemic 
myocardium is not new. In the early sixties Bailey ' used the GEA as an 
intramyocardial implant like the internal mammary artery (IMA) in the Vineberg 
procedure2• Later, after the development of coronary angiography and by using 
the heart-lung machine the surgical technique has changed and it has become 
possible to perform direct anastomoses between the aorta and the stenosed 
coronary vessels. The saphenous vein has been for several years the graft of choice 
in routine coronary bypass operations because the vein is easy to harvest and is 
available in nearly every patient. However, the long-term results of the vein grafts 
are disappointing compared to the very good long-term results with IMA-grafts. 
Patients operated with the use of at least one IMA-graft have an improved survival 
and a reduction of late cardiac events3 when compared to patients with vein grafts 
only. However, in pat ients with three-vessel disease, even the combined use of 
both IMAs do not always provide enough graft material to revascularize the entire 
myocardium. In part icular the inferior wall of the heart is almost always inaccessi
ble for the IMA-grafts. 

Why do we use of the GEA as a bypass graft? In the late e ighties the first 
reports were published about the use of the GEA as a good alternative graft for 
direct revascularization of the inferior wall of the heart. What are the main advan
tages for its use? One of the main advantages is that we can use the GEA as a 
pedicled arterial graft. Another advantage is that the diameter is comparable to 
the target coronary arteries. F inally, the stomach and therefore the GEA are very 
close to the heart and they are only separated by the diaphragm. 

The GEA is in most patients an excellent alternative for vein grafts due to the 
disappoint ing long-term results of vein grafts, especially in young patients. Com
bining the GEA and one or two IMAs it is possible to perform bypass operations 
without the use of vein grafts. Our opinion is to give the patients the best opera
tion at the first time with arterial grafts, instead of sparing the arterial grafts for 
the redo-operation. According to this concept, we have used the GEA as a coro
nary bypass graft in more than 800 patients from September 1 989 until today. 

Chapter 1 is a general introduction of the thesis. 
In chapter 2-1 we describe the similarity and differences in pharmacological 

response between GEA and IMA. The endothelial function of GEA and IMA 
shows similar responses to vasoactive drugs. The difference in anatomy of the 
media causes the main difference in response. The GEA is a muscular artery, with 
only muscle fibres in the media, compared to elast ic fibres in the media wall of the 
IMA. Vasoactive drugs give therefore in the GEA a more pronounced reaction 
than in the IMA. In chapter 2-2 we investigate the pharmacological reaction of 
sumatriptan (5-hydroxytiyptamine agonist) on GEA and IMA rings. In both GEA 
and IMA, sumatriptan gives an additional contraction after a previous gift of 
phenylephrine. We performed the experiment after the publication of a report 
about a young woman who suffered from a myocardial infarction due to coronary 
spasm after treatment with sumatriptan for migraine. 
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In chapter 3 we describe the patients who underwent a coronary bypass operation 
with the use of the GEA. In chapter 3-1 we describe the results of the first 300 
patients who underwent complete arterial grafting with the use of the GEA. The 
indication for operation in these patients was one-, two-, or three-vessel disease. 
The patency of the GEA increased after a learning curve to nearly the same values 
as for IMA-grafts. In chapter 3-2 we describe a subgroup of 256 patients who 
underwent an operation for three-vessel disease with the use of three arterial 
grafts: the GEA and both I MAs. The mid-term results in this group of patients 
were excellent, with low morbidity and mortality, even in elderly patients. The 
patency of the GEA was not as high as we expected because mainly only patients 
with complaints underwent re-angiography. In chapter 3-3 we describe the long
term follow-up (7 years) of the same group of patients as in chapter 3-2. The 
concomitant use of the GEA and both IMAs results in a low mortality, a high 
freedom from myocardial infarctions and a high freedom from reinterventions at 
7-years after the operation. The most promising outcome is the high freedom 
from angina pectoris (85.4% ). 

I n  chapter 4 we describe the use of the GEA as a corona1y bypass graft in 
patients who underwent a redo-operation. During the first operation the patients 
had a LIMA-graft to the left anterior descending artery and in most patients also a 
vein graft. The LIMA was patent in all patients and vein graft disease was in most 
of them the reason for recurrence of angina. A reoperation with the use of the 
GEA by a small laparotorny is for them a 'simple' solution for the problem, which 
not put in danger the patent graft to the LAD. 

In chapter 5 we describe two complications related to the use of the GEA. 
Excessive coagulation on branches of the gastric wall caused probably the gastric 
perforation. After several laparotomies for treatment of a fungal peritonitis, the 
patient survived and is nowadays in a good condition without angina. The second 
case is a patient who suffered from severe dyspnoe caused by a pneumopericar
dium and pneumoperitoneum. There was pendulant gas between the pericardia! 
and peritoneal cavities. The cause of the gas formation remained unclear, but 
when the gas disappeared, the patient recovered well. 

LI MITATI ONS OF THE STUDY 

This thesis evaluates the use of the GEA as a coronary bypass graft in combination 
with the internal mammary arteries. The I.imitation of this thesis is that we have 
not compared the use of the GEA with the use of the vein graft, today's standard 
graft for revascularization of the inferior wall of the heart. Only a prospective 
randomised study with a long-term follow-up can give the answer what is better for 
revascularization of the branches of the inferior wall of the heart. Years ago we 
tried to find grants for financing a well designed prospective randomised studies in 
which we want to compare the use of the GEA and vein graft to the same region 
of the heart, but these studies were not granted. To start such a study today is 
much more difficult because at the moment there is a solid body of information 
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about the better long-term results of arterial grafts. In my opinion there is hardly 
any need for the use of vein grafts anymore. Short-term results will probably be 
the same, but without "vein graft disease" patients will do better after years with 
only arterial grafts. This philosophy, that arteries are better than veins used as 
coronary bypass grafts, resulted in a personal operation score for 1996 with at least 
one artery in 100% of the patients and total arterial revascularization in more than 
90% of the patients. 

CONCLUSIONS 

The results of the studies reported in the thesis demonstrate that the GEA is a 
reliable and effective arterial conduit for coronary artery bypass surgery. The use 
of the GEA as an arterial conduit is a second choice with respect to the IMAs, but 
with potential benefits and long term results superior to any non-IMA conduit 
ever known. The results of clinical and angiographic follow-up show that the GEA 
has a better patency and therefore a higher freedom from cardiac related events 
that any other non-IMA conduit [see Chapter 3). In addition, ultrastructural, 
physiologic and pharmacological studies [see Chapter 2] have shown that the GEA 
exhibits some interesting similarities to the morphology and physiology of the 
IMA. The clinical and angiographic results of the IMAs remain of course the 
"gold standard" in coronary surgery. However, even the extended use of bilateral 
IMAs and sequential anastomoses do not permit a complete arterial 
revascularization in the majority of patients. The coronary arteries of the inferior 
wall of the heart, namely the right posterior descending artery, are in the majority 
of the patients inaccessible for the IMAs. Therefore the GEA appears today as the 
ideal conduit for the revascularization of the inferior wall of the heart, in view of a 
complete arterial myocardial revascularization. A meta-analysis comparing our 
current experience (unpublished data) [Table I] to the largest published series of 
complete arterial revascularization using the IMAs and the GEA in patients 
undergoing elective primary CABG, shows that both early clinical and 
angiographic results of the GEA are satisfactory and promising. 

Pt. Death PMI LCO Bleeding MWC CVA FW-UP Patency 

Grandjea11' 638 1 .4 1 .4 l .9 5.2 0.5 0.8 24 months 90% 

S11111a5 400 2 1 .5 4.7 2 months 95% 

Mmwpat6 152 4 5 3 4 7 J l month 80% 

Jegade117 240 0.4 1 .6 0.8 0.8 1 .2 0.4 l month 96% 

Table /. Meta-analysis. 
Pt. : total n11111ber of patients; Death: in-hmpillll mortality; PM/: perioperative myocardial i11farctio11, LCO: low 
cwdiac 0111p11t; Bleeding: reoperatio11 for bleeding; MWC: major wo1111d co111plications; Cll,4: cerebra-vascular 
accidents; FW-UP: angiogmphic follow-up; Patency: patency of the GEA at follow-up. Data i11 percentage. 
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I n  addition, our clinical experience shows that the occurrence of early complica
tions [see Chapter 5] with the use of the GEA was due to the learning curve. After 
some years of worldwide use of the GEA and with the current standardization of 
the surgical technique we expect that such troubles will disappear from future 
clinical reports. 

In conclusion, being a complete arterial revascularization the first determinant 
of a better life-expectancy and life-quality for patients with coronary artery disease 
and being a reduction of redo-operations in coronary surgery one of the target of 
any health care system, we strongly believe that the GEA can play a main role in 
the future of coronary surgery. The technical difficulty and the increased time 
consumption required to perform a complete arterial revascularization using both 
IMAs and the GEA will be counterbalanced by a consistent improvement in 
patients' life and in the use of health care resources. 
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SAM ENVATTI NG 

Reeds in de zestiger jaren I were! een maagslagacler (arteria gastroepiploica dextra, 
GEA) door chirurgen gebruikt voor behandeling van angina pectoris. In die jaren 
werd cleze slagader door de zieke hartspier geleid in de hoop clat zich kleine 
zijtakjes zouden vormen die de zieke hartspier weer van voldoende bloed zouclen 
kunnen voorzien. Met name Dr. Vineberg2 paste deze techniek veelvuldig toe 
maar, naar later bleek, veelal met weinig succes. Jaren later ontdekte men het 
gebruik van een beenader (vena saphena magna, YSM) als omleidingsmateriaal. 
Deze had als voordeel clat hij eenvoudig te verkrijgen was, in grote hoeveelheclen 
in de patient aanwezig was en veel effectiever was in de behandeling van de angina 
pectoris clan de Vineberg-techniek. De techniek was cluiclelijk anders; cleze been
ader werd als omleiding geplaatst tussen de aorta en de vernauwde kransslagader, 
er werd dus een direkte verbinding gemaakt met de vernauwde kransslagader. 
Maar ook deze omleiding had een nacleel n.l. zijn eigenschap om snel dicht te 
slibben (aderverkalking of atherosclerose) waardoor de angina pectoris weer snel 
terugkeerde. Er moest een nieuwe operatie plaatsvinden. In de praktijk bleek na 
1 0  jaar meer clan de helft van al cleze beenaclers weer dicht te zitten. 

Daarom ging men op zoek naar betere alternatieven en die vond men in een 
slagader die in de borstkas loopt en de voorzijcle van de borstwand van bloed 
voorziet (arteria mammaria interna, IMA). Deze slagader verbond men op de
zelfde manier als bij de beenader, rechtstreeks met de vernauwde kransslagader. 
Aangezien deze slagader met zijn oorsprong al aan een zijtak van de grate 
lichaamsslagader vast zat, was het niet noodzakelijk om die verbinding alsnog zelf 
te maken. De resultaten van deze techniek bleken zeer succesvol ; met name bleek 
dat na 10 jaar vrijwel alle omleiclingen nag fraai open waren3. Men schreef de 
voordelen met name toe aan het feit dat deze slagaclers de hoge druk veel beter 
konden weerstaan clan de aders. 

Nadat deze resultaten bekend waren geworden were! eind jaren tachtig de 
GEA, immers oak een slagader, opnieuw gebruikt als omleidingsmateriaal . De 
GEA were! volgens dezelfde techniek als bij de IMA rechtstreeks verbonden met 
de vernauwcle kransslagader. Veelal betrof het clan een kransslagader die aan de 
onderzijde van het hart verloopt, dat dee! van het hart dat op het middenrif rust. 
De GEA is immers afkomstig van de maag die juist onder het miclclenrif ligt. De 
verwachtingen dat deze slagader net zo goed zou zijn als de IMA werd al snel 
bevestigd in studies die echter "korte termijn resultaten" leverden. De lange 
termijn resultaten (meer clan 10 - 15 jaar) zijn clan nag niet beschikbaar. 

Uitgaande van de hypothese dat slagaders op de lange termijn beter zullen 
functioneren clan beenaclers, wordt sinds 1989 de GEA veelvuldig in bet Academisch 
Ziekenhuis te Groningen (AZG) als omleiclingsmateriaal gebruikt tijclens coro
naire bypass operaties. Door deze te combineren met de IMA kunnen twee 
vernauwde kransslagaders warden behandeld. Zelfs drie vernauwde kransslagaclers 
kunnen behandeld warden indien de GEA wordt gecombineerd met twee IMA's. 
Met deze behandeling is dus een operatie uit te voeren die alle voordelen heeft 
van de slagader; gebruik van de beenader kan zo warden voorkomen. Het proef-
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schrift probeert een antwoord te geven op de vraag of deze behancleling inclerclaacl 
effectiever en succesvoller is clan die waarbij een beenacler is gebruikt (naast een 
I MA). 

Hoofclstuk 1 is een algemene introcluctie waarin in het kort de geschiedenis en 
het gebruik van de GEA als omleicling wordt besproken met de mogelijke voor- en 
naclelen. Voordelen van het gebruik van de GEA zijn: 
1 De GEA is net als de IMA een gesteelde slagader die bloecl ontvangt via de 

eigen natuurlijke verbincling. 
2 De diameter van de GEA komt overeen met de diameter van de kransslag

aders waarmee de verbincling worclt gemaakt. 
3 Met het gebruik van de GEA in eventuele combinatie met de I MA's is geen 

beenwoncl noclig. 
4 Met het iets groter maken van de normale operatiewoncl kan de buik gemak

kelijk worclen geopend en kan de GEA warden vrijgemaakt van de grote 
ronding van de maag. 

5 I-let plaatsen van klemmen op een zieke aorta, wat bij gebruik van de VSM 
bijna altijcl noclig is, is bij het gebruik van deze gesteelde slagaclers niet strikt 
nooclzakelijk omdat er geen verbincling met cleze aorta behoeft te warden 
gernaakt. 

Eventuele naclelen van het gebruik van de GEA zijn: 
1 De buikholte, die anders gesloten blijft, wordt nu geopencl. 
2 De GEA is afwezig of niet te gebruiken na een maagoperatie. 
3 Latere operaties in de bovenbuik geven meer risico van beschadiging van de 

GEA die als omleiding is gebruikt. 
4 De operatiecluur is iets !anger. 
5 Lange termijn resultaten waren tot nu toe nog onbekencl, echter op korte- en 

midclellange termijn blijken de resultaten al zeer bevrecligencl. 
Tot heclen zijn in het AZG meer dan 800 patienten met behulp van de GEA 
geopereerd. 

In hoofclstuk 2- 1 warden de verschillen en overeenkomsten tussen de GEA en 
de IMA beschreven. Delen van cleze slagaclers die bij de operatie niet gebruikt 
worden en anders in de biobak verclwijnen worclen bewerkt tot ringetjes die 
warden opgehangen tussen twee gewichtjes en cloorspoelcl met bepaalcle middelen 
om samentrekking (contractie) of verslapping (relaxatie) te verkrijgen. De mate 
van reactie is afhankelijk van de opbouw van de slagaclers. Al ie verancleringen 
warden geregistreercl door de computer. I-let grootste verschil tussen GEA en 
IMA komt doorclat de tussenlaag van de GEA voornamelijk uit spiervezels bestaat 
en de tussenlaag van de IMA uit elastische vezels. Hierdoor is de reactie op 
middelen die een contractie kunnen veroorzaken in de GEA meer uitgesproken. 
In hoofclstuk 2-2 werden ringetjes van de GEA en de IMA in clezelfcle opstellingen 
doorspoeld met een anti-migraine middel (Sumatriptan). Als dit micldel alleen 
werd aangeboden dan was er nauwelijks een reactie. Echter, als de ringetjes met 
phenylephrine in een toestancl werclen gebracht waarin al een forse contractie was 
opgetreden en wercl clan Sumatriptan aangeboden, dan werd er een extra 
contractie bovenop de eerste waargenomen. Deze test werd uitgevoercl naar 
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aanleiding van het optreden van een hartinfarct bij een jonge vrouw die vanwege 
migraine het middel Sumatriptan gebruikte. 

In hoofdstuk 3 beschrijven we de patienten die een omleidingsoperatie hebben 
ondergaan met behulp van onder andere de GEA In 3-1 worden de resultaten 
beschreven van de eerste 300 patienten die met behulp van de GEA zijn 
geopereerd. Deze patienten kregen de GEA bijna allemaal als alternatief voor de 
V SM die anders zou worden gebruikt. Het waren patienten met afwijkingen in 
een, twee of in alle drie de kransslagader systemen. Nadat onze groep thorax
chirurgen de nieuwe operatietechniek beheersten werd dit ook duidelijk in klinisch 
parameters zoals de doorgankelijkheid en het functioneren (patency) van de GEA 
Deze patency van de GEA, die in het begin lager was, werd vergelijkbaar met de 
patency van de IMA's. Immers met de IMA hadden we al veel !anger ervaring. In 
hoofdstuk 3-2 wordt uit de eerste 500 patienten die met een GEA zijn geopereerd, 
een subgroep van 256 patienten beschreven die allemaal drie slagaders als 
omleidingsmateriaal hebben gekregen, te weten de GEA en beide IMA'.s. De 
patienten in deze groep hadden een !age mortaliteit en morbiditeit, zelfs in de 
groep van de oudere patienten. Na een gemiddelde follow-up van ruim twee jaar 
was de doorgankelijk-heid van de GEA 88% en van de linker en rechter IMA 
respectievelijk 98% en 96%. De oorzaak voor de lagere doorgankelijkheid van de 
GEA ligt met name in het feit dat in het begin patienten met klachten voor een 
na-onderzoek door middel van een angiografie in aanmerking kwamen. Patienten 
zonder klachten waren minder gemotiveerd om een angiografie te ondergaan. In 
hoofdstuk 3-3 zien we dan ook een stijging van de doorgankelijkheid van de GEA 
optreden tot gemiddeld 90.6% nu ook meer patienten angiografisch zijn 
onderzocht. In dit hoofdstuk is dezelfde patienten-groep als uit hoofdstuk 3-2 aan 
een twee keer zo lange follow-up duur onderworpen. We zien met name dat deze 
patientengroep op de middellange termijn (tot en met 7 jaar) minder snel 
terugkeer van angineuze klachten heeft als een vergelijk wordt gemaakt met 
andere groepen die met alleen een V SM omleiding of een combinatie van een 
LIMA en een V SM omleiding zijn geopereerd. Voor zover de patienten te 
vergelijken zijn, zijn de resultaten van onze groep patienten ook beter dan de 
resultaten van groepen patienten die met beide IMA'.s zijn geopereerd. 

In hoofdstuk 4 beschrijven we het gebruik van de GEA in patienten die een 
tweede bypass operatie moeten ondergaan na een eerste operatie met een LIMA 
en een V SM omleiding. De LIMA functioneerde in al deze patienten nog prima 
en de V SM omleiding was vernauwd of geheel afgesloten. Dit was de voornaamste 
reden voor het weer optreden van angineuze klachten bij deze patienten. Een 
tweede bypass operatie met behulp van de GEA via alleen een kleine incisie in de 
buik was voor hen een "simpele" oplossing. 

In hoofdstuk 5 beschrijven we twee complicaties die gerelateerd zijn aan het 
gebruik van de GEA als omleiding. In het eerste geval was het optreden van een 
maagperforatie waarschijnlijk toe te schrijven aan coagulatie (clichtschroeien) van 
de zijtakjes van de maagwand waarbij deze werd beschadigd. Er volgden meerclere 
operaties in de buik vanwege een schimmelinfectie die als complicatie was 
opgetreden. Patiente herstelcle hierna voorspoedig en is nu klachtenvrij. 
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De tweede patient had jaren na de hartoperatie last van ernstige kortadernigheid 
veroorzaakt door een pneumopericardiurn en pneumoperitoneurn (respectievelijk 
lucht in het hartzakje en vrije lucht in de buikholte). We konden aantonen dat de 
lucht tussen beide holten pendelde via de opening in het diafragrna waar de GEA 
bij de operatie doorheen was geleid. De werkelijke oorzaak voor het ontstaan van 
deze luchtvorrning zelf kon niet warden achterhaald. De vrije lucht verdween na 
weken spontaan en patient herstelde hierna weer volledig. 

Beperkingen van de studie 
De voornaamste beperking van dit proefschrift is dat we het gebruik van de GEA 
niet forrneel hebben vergeleken met het gebruik van de V SM. De V SM was en is 
tot nu toe de standaard omleiding naar de kransslagaders aan de onderzijde van 
het hart. Alleen een prospectief gerandorniseerd onderzoek met langere follow-up 
zou een antwoord kunnen geven wat beter is als omleidingsmateriaal voor 
kransslagaders aan de onderzijde van het hart. Jaren geleden hebben we meerdere 
rnalen geprobeerd een dergelijk onderzoek op te zetten, echter bij gebrek aan 
financiele ondersteuning door de aangezochte instanties, was het niet uit te 
voeren. Orn een dergelijk groat opgezet onderzoek vandaag de dag te starten is 
veel rnoeilijker omdat er al zoveel informatie is dat een slagader als ornleiding op 
de lange termijn veel beter is dan een ader (V SM). Korte-termijn-resultaten zullen 
misschien hetzelfde zijn, rnaar zonder aderverkalking van de V SM zullen patienten 
het na jaren beter doen als ze geopereerd zijn met alleen slagaders als omleidings
rnateriaal. Deze filosofie dat slagaders beter zijn dan aders voor bypass-operaties 
heeft geresulteerd dat in 1996 al rnijn patienten ten rninste een slagader als 
omleiding hebben gekregen en rneer dan 90% van de patienten alleen maar 
slagaders hebben gekregen als omleidings-rnateriaal. 

Conclusie 
De resultaten van de studies in dit proefschrift laten zien dat de GEA een 
betrouwbare en effectieve arteriele graft is voor omleidingsoperaties van het hart. 
Het gebruik van de GEA als omleidingsrnateriaal voor het hart rnoet gezien 
warden als tweede keus na de IMA die wereldwijd als geaccepteerde eerste keus 
geldt. Het gebruik van de GEA heeft potentiele voordelen en betere lange terrnijn 
resultaten vergeleken met andere niet-IMA omleidingsmaterialen. Daarnaast laat 
de GEA interessante overeenkornsten zien met de IMA op niveau van de endo
theelfunctie en fysiologie. De klinische en angiografische resultaten van de IMA 
blijven natuurlijk de 'gouden' standaard in de coronairchirurgie, maar zelfs het 
toenemend gebruik van beide IMA's en meerdere verbindingen per IMA, laten 
niet toe bij iedere patient complexe slagaderlijke omleidingen uit te voeren. De 
kransslagaders aan de onderzijde van het hart, narnelijk de takken van de rechter 
kransslagader, zijn in de meerderheid van de patienten niet te bereiken voor de 
IMA's. Daarom is de GEA de meest ideale slagader om deze kransslagaders aan 
de onderkant van het hart van een ornleiding te voorzien. Een meta-analyse die 
onze huidige patientengegevens (niet gepubliceerde data) (Tctbel I) vergelijkt met 
de gegevens uit de grootste gepubliceerde series, waarbij gebruik is gemaakt van 
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IM.A's en GEA in patienten die een bypass-operatie ondergingen, laat zien dat 
zowel de vroege klinische als angiografische resultaten van de GEA zeer 
acceptabel en veel belovend zijn. 

Onze klinische ervaringen laten zien dat de meeste vroege complicaties bij 
patienten geopereerd met behulp van de GEA konden worden toegeschreven aan 
een leerproces. Na een aantal jaren van wereldwijd gebruik van de GEA en met de 
huidige standaardisatie van de chirurgische techniek, is het te veronderstellen dat 
vroege complicaties zullen verdwijnen uit toekomstige patienten series. 

Pat. Overl. PMI LCO Bloecling WC CVA FW-up Patency 

Grandjean' 638 J .4 1 .4 1 .9 5.2 0.5 0.8 24 maanden 90% 

S1111w5 400 2 1 .5 4.7 2 maanden 95% 

Manapat6 1 52 4 5 3 4 7 J maand 80% 

Jegaden7 240 0.4 1 .6 0.8 0.8 1 .2 0.4 1 maand 96% 

Tabet I. Meta-analyse. 
Pal.: lo/aal aan/al paliiinlen, Over/.: ziekenl111is 111or1a/i1eil, PMI: periopemlieve myocard infarct, LCO: /age 
cardiac 011/p111, Bloeding: hemie111vde opemtie voor b/oeding, WC: emslige wond complicalie, CJ/,4: cerebro
vasc11/ar accident, pa/ency FW-up Pa/eucy: a11giogmjlsche c/001ga11kelijkheid van de GEA gedurende follow
up. Dala in perceutages. 

Concluderend kunnen we stellen dat omleidingsoperaties die met alleen slagaderlijk 
materiaal bij patienten met vernauwde kransslagaders zijn uitgevoerd, een aanzet 
zijn tot een betere levensverwachting en een betere kwaliteit van !even. Als dit 
leidt tot een vermindering van bet aantal hernieuwde operatie's, wat ook een doe! 
is van een goed zorgsysteem, dan geloven we stellig dat de GEA een belangrijke 
rot kan spelen in de toekomst van de coronair chirurgie. De tijd die deze technisch 
lastiger operatie kost, om totale arteriele revascularisatie te bereiken met behulp 
van de beide IM.A's en GEA, zal niet opwegen tegen de voordelen die de patient 
op de lange termijn zal hebben en de te ve1wacbten vermindering in de kosten van 
de gezondheidszorg. 
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A C KNO W L E D G E M ENTS 

DANKWOORD 

Na zeven jaar patienten met een bepaalde filosofie opereren is er op 'wetenschap
pelijk' gebied een afronding gekomen in de vorm van dit proefschrift. Zelf heb ik 
er geen haast mee gehad. Dat hoeft ook niet, want als dit boek over vijf jaar was 
uitgekomen dan was het nog steeds modern te noemen en misschien n6g interes
santer door de langere follow-up. Het is jam mer dat er wereldwijd nog veel te 
weinig aan totale arteriele revascularisatie wordt gedaan, ook al zijn velen ervan 
overtuigd dat dit de beste behandeling voor de korte, maar vooral ook voor de 
lange termijn is. Met mijn dankzegging wil ik clan ook als eerste beginnen met Jan 
Homan van der Heide die mij alle mogelijkheden heeft gegeven me als thorax
chirurg te ontplooien. Hij heeft mij gestimuleerd om deze weg in te gaan. Ik ben er 
dan ook trots op de laatste te zijn die door hem is opgeleid. Maar als je de een 
noemt dan l10ort daar bijna automatisch de ander ook bij: Anton Eijgelaar. Samen 
zorgden ze voor de unieke sfeer die tot ver te proeven was en waar we nu nog 
steeds de vruchten van plukken. 

De tijden van weleer zijn vervlogen en het 'bedrijf ' is grater en daarmee 
zakelijker geworden en een nieuw hoofd van de afdeling nam het roer over: mijn 
promotor Tjark Ebels. Hij drong erop aan de verkregen gegevens te bundelen tot 
dit proefschrift, maar gaf me de ruimte om de voor mij belangrijker taak van 
patientenzorg en opereren primair te blijven uitoefenen. Over mijn co-promotor 
Piet Boonstra kan ik kort zijn. Als je meer dan 20 jaar als echte vrienden door het 
!even gaat en elkaar zowel op het werk als ook daarbuiten steunt en aanvult dan is 
dat iets heel bijzonders. Zo bijzonder zelfs dat we door anderen als 'twins' warden 
gezien. Ik hoop en verwacht dat de volgende 20 jaar niet veel anders zal zijn. 

De hoogleraren Jaap Bredee, Wiek van Gilst en Henk Lie wil ik bedanken 
voor de bereidheid zitting te nemen in de promotiecommissie en voor hun waarde
volle suggesties om het manuscript meer inhoud te geven. 

Hendrik Buikema, referent en een prima vent, die op knappe wijze het 
'ringetjes model' heeft uitgebouwd tot wat het nu is en naar mijn mening een vaste 
positie binnen zijn vakgroep verdient. Peter den Heyer, referent, die samen met 
Rene Tio altijd klaar stonden om hun kwaliteiten in de selectieve angiografie van 
de GEA te gebruiken om de vele patienten aan een na-onderzoek te onde1werpen. 
Adriaan Voors, paranimf, en de man die zoveel uit een goed gevulde databank kan 
halen. Jammer dat hij binnenkort vertrekt, maar van zijn diensten wil en zal ik nog 
jarenlang gebruik maken. lreen Grandjean, paranimf en de jongste van mijn vijf 
'lieve' zussen. 

Verder wil ik al mijn collega's van nu en toen noemen, die op hun eigen wijze 
hebben bijgedragen tot het tot stand komen van dit werk: Koos Meuzelaar, Wim 
de Boer, Tjalling Waterbolk, Rene Brouwer, Rene Bakhuizen, Ab Hensens, 
Marcel Harder, Jan Witkop, Albert van den Brink, Charles Kik, Erik Kuntze, 
Roland Laurens. 

Zander de hulp van de 'hartejongens' van vroeger en nu was het onmogelijk de 
databank met GEA patienten regelmatig te updaten. Reinoud Brouwer, Hans de 
Boer, Heleen Wiersma, Leonie de Noo, Carsten Mellema, Robert Mollema en Bas 
Wallis de Vries, bedankt voor jullie enorme inzet en het werkplezier dat jullie 
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uitstralen. Apart genoemd moet worden Margot Bergsma die, in het kader van het 
keuze onderwijs, aan de basis heeft gestaan van het mooiste artikel in dit proef
schrift vanwege de lange follow-up tot 7 jaar. 

Massimo Mariani, een nieuwe vriend met vele natuurtalenten waarvan 
publiceren er een is. 

Al ie andere auteurs die hun bijdrage aan de artikelen hebben geleverd, in het 
bijzonder Stan van den Broek, Jan van Wijngaarden, Rienhart Wolf, Bruno 
Dillemans en Hans Barns. 

Alie Assistenten die we door de jaren heen hebben gehad en waarvan gelukkig 
het merendeel zijn of haar weg heeft gevonden. 

Alie personen werkzaam op de volgende afdelingen Thoraxchirurgie en 
Cardiologie, Operatie afdeling, Intensive Care, Thorax-anaesthesie, Hartbewaking, 
Verpleegafdelingen B l  VA, C l  VA, B2YA, Fysiotherapie, Polikliniek, die dan wel 
niet op wetenschappelijk gebiecl aan dit proefschrift hebben meegewerkt, maar die 
de nog belangrijker taak van de patientenzorg op hun eigen wijze hebben ingevuld. 
Zonder goede patientenzorg is er geen goed onderzoeksresultaat. 

De melee van woorden en figuren is door Elja Talens en Ellen van Dijk (Kader 
Vormgeving) op professionele wijze omgezet in een volwaardig boek. 

En clan mijn ouders die mij altijd hebben gestimuleerd of wel achter de broek 
hebben gezeten als zoonlief weer eens op het voetbalveld was te vinden. Mijn 
trotse vader heeft, waar nodig, het manuscript op het laatst nog voorzien van 
enkele correcties. Lia heeft gezorgd voor een perfecte thuisbasis en de kinderen 
voor de relativiteit in de trend van: "Pa, moet je alweer achter de computer 
zit ten". 

Tenslotte clank aan de patienten die 'vrijwillig' dit soort operaties hebben 
ondergaan, zonder clat ze toen wisten hoeveel voordeel ze op lange termijn zouden 
hebben. Wij hadden dat besef al wel. 



Hemel op aarde 

Soms zie ik geen verschil tussen de hemel en de zee 

Dan vormen ze een lijn, en kan de aarde hemel zijn .  

L.  Grandjean - Grashuis 
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