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Abstract Objective. To minimize 

the risk of standard and reoperative 

coronary artery bypass, we devel- 

oped a minimally invasive approach. 

In this study we have evaluated the 

effectiveness of this technique. 

Method. Between April 1994 and 

September 1995, 12 men and 6 

women, aged 5 5 - 8 4  years (mean, 

69 years) with chronic stable angina 

(4) and recent post-myocardial in- 

farction unstable angina (14), with 

left ventricular ejection fractions 

ranging 17-60% (mean 37%), 

underwent reoperative coronary 

artery bypass grafting using 7-cm 

mini-left and right anterior thoracot- 

omy and subxiphoid incisions. Coro- 

nary artery anastomoses were car- 

ried out on beating hearts with local 

coronary occlusion. Ischemic pre- 

conditioning, beta and calcium chan- 

nel blockers and the maintenance 

of mean arterial pressure at 

7 5 - 8 0  mmHg, were used as adjuncts 

for myocardial protection. The inter- 

nal mammary artery was isolated 

under direct vision up to the second 

rib with excision of the fourth costal 

cartilage. Coronary artery target sites 

were the left anterior descending in 

12, right coronary artery in 4, obtuse 

marginal in 3, posterior descending 

in 1 and diagonal branch in 1 patient. 

Arterial grafts (mammary, right gas- 

troepiploic, radial), either as single 

or composite grafts, were used liber- 

ally. Preoperative risk factors in- 

cluded congestive heart failure (7), 

chronic renal insufficiency (5), sec- 

ond reoperation (2), third reoperation 

(1), cerebrovascular disease (5), 

prior angioplasty (8) and preopera- 

tive intra-aortic balloon pumping in 

two patients. 

Results. There was no perioperative 

mortality with minimal morbidity. 

Twelve patients underwent patency 

study of the grafts 4 8 - 7 2  h postop- 

eratively. Ten of the twelve grafts 

were patent; one internal mammary 

artery graft to the left anterior de- 

scending coronary artery (<1.5 ram) 

early in our series was occluded and 

one additional left internal mammary 

graft had a kink several centimeters 

away from the anastomosis, which 

was successfully opened by angio- 

plasty. At a mean follow-up interval 

of 8 months all 16 surviving patients 

are in functional class I or II and all 

of them remain free of angina. 

Conclusion. In selected patients re- 

operative coronary artery bypass 

grafting can be performed with this 

minimally invasive approach with a 

low perioperative morbidity and 

mortality rate and satisfactory 

early graft patency rate with good 

symptomatic improvement. 

[Eur J Cardio-thorac Surg (1996) 

10:1058-1063] 
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Introduction 

Coronary artery reoperat ion is becoming  common  world- 

wide and now constitutes a substantial  proport ion of car- 

diac surgeons '  practice. These procedures will  increase in 

number  in the future [3]. In 1995 it is est imated that 55 000 

patients will  undergo coronary reoperations annual ly  in the 

Uni ted States. Reoperat ive procedures have several tech- 

nical  obstacles which differentiate them from primary pro- 

cedures. These problems include:  l)  difficulties with ster- 

nal re-entry with potential  for cardiac and conduit  injury 

during dissection when the surgical plane is obscured by 

dense adhesions and normal  anatomical  landmarks are 

obliterated, 2) availabil i ty of conduit ,  3) management  of 

patient vein grafts with severe atherosclerosis, 4) myocar-  

dial protection in situations where there are complex routes 

of myocardia l  perfusion,  depending on the status of the na- 

tive coronary circulat ion and the patency of the vein or 

internal  mammary  artery (IMA) grafts. 

Alternat ive strategies currently used include different 

techniques for sternal re-entry, strict avoidance of graft ma- 

nipula t ion to min imize  the risk of graft a theroembolism 

and numerous  modif icat ions of myocardial  protection, in- 

c luding performing coronary artery bypass grafting with- 

out card iopulmonary  bypass through the standard sternal 

re-entry approach. Since April  1994, we have developed a 

technique of ut i l iz ing an anterior mini - thoracotomy ap- 

proach for rout ine coronary artery bypass grafting of the 

left anterior descending coronary artery (LAD) and right 

coronary artery with good clinical  success. In this report 

we describe our experience in a selected group of 18 pa- 

tients who underwent  reoperative coronary bypass graft- 

ing ut i l iz ing this min imal ly  invasive coronary artery by-  

pass technique. 

Materials and methods 

Patient population 

Between April 1994 and September 1995 82 patients underwent re- 
operative coronary artery bypass grafting at our Institution. Of these 
82 patients, 18 patients underwent surgery utilizing a minimally ln- 
vasive approach. The age range of the 12 male and 6 female patients 
was 55-84 years (mean, 69 years) including two patients over the 
age of 80 years Eleven patients in this group were over the age of 
70 years. Elective operations were performed in four patients with 
chronic stable angina refractory to medical therapy and previous an- 
gioplasty procedures. Fourteen patients in this group underwent ur- 
gent reoperatlve coronary bypass surgery because of unstable angi- 
na following recent myocardial infarction requiring intravenous ni- 
troglycerin and heparin and, in two patients, intra-aortic balloon 
pumping. In these 14 urgent coronary bypass patients, one was op- 
erated with evolving anterior wall myocardial infarction and one pa- 
tient was operated on for unsuccessful angioplasty within 48 h. 
Eighteen patients had suffered a prior myocardial infarction. Left 
ventricular ejection fraction in this group ranged 17-60% (mean, 
37%), seven patients had congestive heart failure in addition to un- 
stable angina, five were in chronic renal insufficiency, eight had prior 

angloplasty, two were undergoing their second reoperations, and in 
one patient this was the third reoperatlon. Five patients had cerebro- 
vascular disease as evidenced by prior stroke, prior transient lschem- 
ic attacks and prior carotid endarterectomy. Two patients. In addi- 
tion to reoperative coronary bypass surgery, underwent an associat- 
ed carotid endarterectomy. Six patients in this group had diabetes 
mellitus treated with insulin. 

Technique 

All patients were operated on In a supine position. They were mon- 
itored with routine hemodynamlc monitoring using radial arterial, 
central venous and pulmonary arterial catheters. In addition, contin- 
uous transesophageal echocardiography monitoring of the left ven- 
tricular wall motion and continuous ST-segment mapping were per- 
formed during the entire procedure. The left coronary arterial system 
(LAD, diagonal, marginal) was approached by a 7-cm incision over 
the anterior aspect of the fourth rib beginning just lateral to the ster- 
num and ending just medial to the nipple. The mid and distal right 
coronary artery before the crux were approached by a similar inci- 
sion on the right side and when the posterior descending coronary 
artery was grafted, a subxiphold incision was made with excision of 
the xiphold, the diaphragm was retracted down by a malleable re- 
tractor and the acute margin of the heart pulled up by traction sutures 
to expose the inferior surface of the heart. After the anterior incision 
over the fourth rib, the fourth costal cartilage was excised revealing 
the LIMA and the veins just beneath it. The arterial pedicle was mo- 
blhzed, both proximally and distally. In some patients, the third co- 
stal cartilage was partially resected to allow more proximal dissec- 
tion of the pedlcle under direct vision up to the second rib. On the 
right side. a small portion of the fifth costal cartilage was partially 
resected instead of the third costal cartilage, especially If the bypass 
graft had to be performed in the right coronary artery beyond the 
acute marginal branch. The pericardium was incised just lateral to 
the IMA on both sides and this usually revealed the LAD and the di- 
agonal on the left side underneath the pericardial Incision and medi- 
al to the pericardlal incision for the right coronary artery on the right 
side. For grafting of the circumflex and the high ramus intermedius 
branches, the pericardial incision was extended posteriorly and ele- 
vated with traction sutures to bring these branches to the anterior as- 
pect of the incision. 

In patients whose mammary artery had been used previously, gas- 
troeplploic artery was harvested via a subxiphold incision, to be used 
as an inflow conduit for the LAD. When composite grafts were used, 
radial artery and saphenous vein grafts were harvested prior to mo- 
bilization of the coronary arteries for grafting. Prior to the division 
of the arterial pedicle, heparln (5000-7500 units) was given intra- 
venously as a bolus. Local occlusion of the coronary artery was car- 
rled out with large 5-0 Prolene sutures placed proximally and distal- 
ly to the site of an anastomosis and encircling the entire coronary 
artery, the epicardial fat and accompanying vein. The sutures were 
double-looped sutures and these were used as traction sutures for im- 
mobilization of the heart during the anastomosis. Lateral epicardial 
traction sutures placed on the site of the coronary arteries achieved 
further stabilization of the coronary artery during anastomosis. Prior 
to the local coronary occlusion intravenous verapamll, 5 - 10 mg bo- 
lus, was given to prevent no-reflow phenomena during the reperfu- 
sion period and to decrease the heart rate during the coronary anas- 
tomosis. Intravenous Cardlzem drip. at 4 -  5 mg/h. was routinely used 
during the entire operation. Increasing the depth of anesthesia and 
continuous Esmolol drip, in addition, helped to keep the heart rate 
at 50-60/rain and to decrease the force of contraction of the heart 
during the anastomosis. All attempts were made to maintain the 
systemic mean arterial pressure in the range of 75-  80 mmHg dur- 
ing the entire operation. 

During the later part of our series, ischemic preconditioning was 
employed as an adjunct for myocardial protection. This was achieved 
with initial local coronary occlusion for a 5-min period, followed by 
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--LIMA-LAD 6 

Composite Grafts 5 ~ ~ - I A D  

Fig. 1 Number of single grafts per patient (n= 15) 

remaining coronary artery target sites could not be bypassed because 
of diffuse disease. Six patients had LIMA to LAD, one patient had 
right gastroepiploic artery brought through a hole in the left leaf of 
the diaphragm to the apical part of the LAD. and three patients had 
RIMA to the mid-right coronary artery. Five patients had composite 
single grafts utilizing right gastroeplploic artery, LIMA and previ- 
ously placed saphenous vein graft as the inflow part of the conduit 
(Table 2). 

Routine postoperative care was carried out with emphasis on ear- 
ly extubatlon within a few hours and discontinuing all lines. The ma- 
jority of patients were ambulated the next day, with discharge on the 
4th or 5th day. Graft patency was tested either by angiogram or trans- 
thoracic Doppler echo of IMA 48-72 h postoperatively. 

Table 1 Types of grafts - distal anastomosis double grafts 

LIMA ~ LAD 1 
+ 

Right Gastroepiplmc --+ PDA 

RIMA ---> RCA 1 
+ 

LIMA --+ LAD 

LIMA + SVG --+ LAD 1 
+ 

D1 

(LIMA left internal mammary artery. (LAD left anterior descending 
coronary artery, PDA posterior descending artery. RIMA right inter- 
nal mammary artery, RCA right coronary artery, LIMA left internal 
mammary artery, SVG saphenous vein graft, D1 diagonal branch) 

Table 2 Types of grafts- distal anastomosis composite single grafts 
No. 5 

Inflow Conduit Target 
coronary artery 

RGE ~ SVG --+ OM 
LIM --+ SVG -+ OM 
Prior SVG --> Radial artery --> OM 
LAD graft 
Primor RIMA ---> Radial artery --+ Distal LAD 
LAD graft 
RGE ---> Radial artery --+ LAD 

(RGE right gastroepiploic, SVG saphenous vein graft, OM obtuse 
marginal, LIMA left internal mammary artery, RIMA right internal 
mammary artery) 

5 min of reperfuslon, and then completed by occlusion for coronary 
artery anastomosis. The coronary artery anastomosis was performed 
m a standard fashion utihzmg continuous 80 Prolene sutures. 

Grafts and distal anastomosis 

Fifteen patients underwent single coronary artery bypass graft and 
three had double bypass graft (Fig. 1. Table 1). All of these patients 
had three-vessel coronary artery disease. Ad&tional grafts were not 
required, either because of the presence of other patent arterlal and 
venous grafts or the presence of large akinetic segments m the dis- 
tributlon of the other &seased coronary arteries. In three patients the 

Results  - intraoperat ive data 

The exposure  to the LAD,  diagonal  and high marginal  

branches was excellent  through the left anterior mini- thor-  

aco tomy incision. The exposure  to the mid-r ight  coronary 

artery and the distal right coronary  artery just  beyond the 

acute marginal  was also good through the right anterior 

thoracotomy approach.  However ,  the exposure  to the pos- 

terior descending coronary artery f rom the right anterior 

thoracotomy approach was inadequate.  The exposure  to the 

poster ior  descending coronary artery was excellent  

through the subxiphoid approach.  Local  coronary occlu- 

sion t ime for the coronary artery anastomosis  ranged 

8 - 2 7  min (mean, 17 rain). 

During the entire procedure  patients were h e m o d y n a m -  

ically stable. Transesophageal  echocardiography moni tor-  

ing revealed mild hypokines ia  in the anterior wall  of  the 

left ventricle in one patient. The same patient had an ST- 

segment  elevation in the precordial  leads less than 1 m m  

during the period of  coronary occlusion for anastomosis .  

No serious ventricular  ar rhythmia  occurred during the pe-  

riod of coronary  occlusion. One patient had isolated uni- 

focal  and premature  ventr icular  beat. There was a trend to- 

wards decreased heart  rate in the later part  of  the series 

when we used ischemic precondit ioning prior to coronary 

artery anastomosis .  The poster ior  c i rcumflex branches 

were hard to anastomose,  predictably,  through this ap- 

proach on a beat ing heart  without  partial bypass  support.  

In three patients, for grafting circumflex branches we used 

partial card iopulmonary  bypass  by groin cannulat ion of  the 

femoral  artery and femoral  vein with a long wire-rein- 

forced (32F)  cannula with a basket  tip at the level of  the 

right atrium. However ,  during the partial card iopulmonary  

bypass  the blood pressure was still high and the cardiac ac- 

tivity was still vigorous,  indicating our ability to unload 

the heart  through this peripheral  approach with the current  

cannulat ion technique. 

There  was no per ioperat ive  mortality.  Two patients had 

non-surgical  deaths: one patient, a 77-year-old  male  

Jehovah ' s  Witness,  who needed a reoperat ive coronary by-  

pass with the L I M A  to LAD,  died 4 weeks after surgery 

due to mass ive  gastrointestinal  bleeding from Mallory-  

Weiss tear and refusing blood transfusion. The second 75- 
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extubated in under 6 h, one patient was extubated within 

12 h from surgery and four patients were extubated after 

48 h. No patients were reoperated for postoperative hem- 

orrhage; no patients were transfused in the first 48 h. 

Of the 12 patients who underwent graft patency study, 

8 had angiography (Fig. 2A, 2B) and 4 underwent trans- 

thoracic Doppler echo analysis of the IMA flow. One 77- 

year-old male had shown an occlusion in the postoperative 

study at 48 h and another 56-year-old diabetic female, who 

had a reoperative coronary bypass with LIMA to LAD 

showed a kink at the proximal extent of the mobilized IMA; 

this kink was successfully angioplastied and the patient 

now remains clinically well with a follow-up of 9 months. 

Fifteen patients were followed for a range of 2 - 1 7  months 

(mean 8+4.5 months). All of these patients remained in the 

New York Heart Association class I or II and they are all 

free of angina. 

Fig. 2 a Preoperative angiographlc appearance of atherosclerotic 
saphenous vein graft to left anterior descending coronary artery in a 
74-year-old female with post-myocardial infarction unstable angina 
on intra-aortic balloon pump. b Angiographlc appearance of left 
internal mammary artery graft to left anterior descending coronary 
artery after reoperation through mlni-thoracotomy approach 

year-old patient, who was in chronic hemodialysis, died of 

hyperkalemia and massive electrolyte shift during chronic 

hemodialysis at 5 weeks after surgery. 

One obese 77-year-old female, who had a bilateral 

mammary artery graft through the mini-thoracotomy ap- 

proach, had a superficial wound infection of the left ante- 

rior thoracotomy incision limited to the subcutaneous tis- 

sue. She was successfully treated by conservative meas- 

ures and is now doing well clinically. There was no peri- 

operative myocardial infarction new onset of renal failure 

or cerebrovascular complications. Thirteen patients were 

Discussion 

A recent report provided an alternative strategy for reop- 

erative coronary artery bypass grafting without cradiopul- 

monary bypass with favorable clinical results [1]. How- 

ever, eliminating cardiopulmonary bypass alone has not 

diminished the potential risks of the re-entry of the medi- 

astinum. Manipulation of the graft without interrupting 

previously placed vein grafts increases the potential for 

embolization of atherosclerotic debris from the old vein 

grafts. In approaching the left coronary arterial system 

from the mid-line sternotomy incision to undertake the cor- 

onary bypass on a beating heart, there are certain techni- 

cal limitations. The left coronary arterial system is to the 

left of the mid-line; hence, the left ventricle has to be ro- 

tated and brought back to the center which, in some in- 

stances, causes hemodynamic compromise. Furthermore, 

the contraction of the heart makes it somewhat difficult, 

technically, to perform a perfect anastomosis with the IMA 

to the LAD. 

The risk of reoperative coronary bypass surgery, in spite 

of currently available multiple alternative techniques, still 

remains high. Since a patent LIMA graft to LAD is the 

main determinant of long-term survival [2], it seemed at- 

tractive to us to perform the LIMA-LAD operation via mini 

left anterior thoracotomy in a reoperative situation, avoid- 

ing entirely the potential complication of sternal re-entry 

and the cardiac dissection. While performing pericardial 

drainage and biopsy via left mini-anterior thoracotomy, it 

became clear to us that the LAD and the diagonal branches 

are easily approached by this incision. 

With our current technique of mini-thoracotomy, the 

heart is closer to the surface; the mediastinal structures and 

the pericardium are still attached to the undersurface of the 

sternum thus ensuring that the heart does not move too 

much while we are performing an anastomosis off cardio- 
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pulmonary bypass. The traction sutures used for local cor- 

onary occlusion and the lateral epicardial sutures immobi-  

lize the coronary artery extremely well so that the anas- 

tomosis with IMA to L AD can be performed safely. In a 

reoperative situation, as in this series, the dissection does 

not have to be extended except in the area of  the target cor- 

onary artery. The local coronary occlusion is well tolerated 

in the mid-LAD. 

Our series of  18 patients who underwent the operation 

by this approach fall into a high risk category for coronary 

artery bypass surgery. In the majority of  patients the indi- 

cation for reoperation is for unstable angina following re- 

cent myocardial  infarction with high risk co-morbid preop- 

erative factors, i. e. chronic renal insufficiency, cerebrovas- 

cular disease and poor ejection fraction. In addition, over 

half  of  the patients had congestive heart failure as well as 

unstable angina. Several patients in our series had under- 

gone prior angioplasty. In spite of  the high risk profile of  

these patients in our group, we were able to perform suc- 

cessfully coronary artery bypass with arterial conduits in 15 

patients including complex composite grafts in five patients. 

There were no serious intraoperative or postoperative 

complications and no postoperative hemorrhage in spite of  

the high risk situation of  these patients. In addition, the old 

vein grafts were never manipulated during the reoperation 

via the mini- thoracotomy approach, which eliminated 

thromboembol ism from the graft atherosclerosis. 

In the current study we have shown that we can safely 

and successfully perform anastomosis to the coronary ar- 

teries in the anterior surface o f  the heart such as LAD, di- 

agonal and the high ramus branch. However,  the circum- 

flex coronary artery is too far back to do it without cardi- 

opulmonary bypass; hence, partial bypass was used to sup- 

port  the circulation. In our series, the right coronary artery 

was easily approached through the right anterior thoracot- 

omy in its entire extent except the posterior descending 

coronary artery, which was approached in one patient with 

subxiphoid incision. Further experience is necessary be- 

fore advocating this approach for the posterior descending 

coronary artery bypass. Modifications of  this minimally 

invasive approach for coronary reoperation, such as tem- 

porary perfusion catheter, local cardioplegia, support with 

closed chest cardiopulmonary bypass and the use of  a he- 

mopump,  will continue to evolve. 

In conclusion, we believe that in selected patients reop- 

erative coronary artery bypass grafting can be performed 

by mini- thoracotomy approaches on both the left and right 

arterial system with low perioperative morbidity and mor- 

tality rates, satisfactory early graft patency rate and good 

early symptomtaic  improvement.  
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Discussion 

Dr. T. Aberg (Umeh, Sweden): Thank you 
very much for this very interesting and far- 
reaching paper. I would like to know a little 
bit about the selection of the patients. In 
how many patients did you plan to do it 
this way and have to revert to a conven- 
tional mid-sternotomy approach? 

Dr. Subramanian:  In the reoperative 
group we have not converted to a mldhne 
sternotomy in any patient. In the elective 
group we had five patients converted to the 
standard midline approach. Early in our ex- 
perience the reasons were IMA injury in 
two patients, mtramyocardial LAD m one, 
too laterally placed LAD m one. and calci- 
fied mid-RCA in one patient planned for 

bilateral mammary artery grafting to the 
LAD and RCA. The reoperative group of 
18 patients we have presented here repre- 
sent roughly 15-20% of the reoperative 
coronary bypass surgery at our institution. 

Dr. H. Borst (Hannover Germany): You 
talk about partial bypass. How partial is it? 

Dr. Subramanian: Well, we could do all 
we can with a femoral vein and femoral ar- 
tery cannula. We are running about at three 
hters at least. We found it was not helpful 
because we did not find that it would un- 
load enough of the heart, so we early re- 
sorted not to use bypass as much as pos- 
sible 

Dr. E. Kolesov (Ukraine): I wish to re- 
mind Dr. Subramanian and the audience 
that we used the thoracotomy approach for 
pioneering coronary surgery about 30 years 
age and have already operated on about 
400 patients We do it routinely now And 
I think that this presentation adds signifi- 
cantly to a way of thinking about coronary 
surgery. That is very important and thank 
you very much, Dr. Subramanian, for that. 

I have only one question for you, but 
before. I would mention that we usually 
use tiny staplers to connect the internal 
mammary with coronary arteries. So in 
general it gives a completely different ap- 
proach, more simplified and less costly 
than the usual approach. 
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So my question Dr. Subramaman, is 

how you check the condition of the patient. 

Is it necessary sometimes to go to heart- 

lung bypass before starting surgery or, 

starting routinely, maybe you have some 

comphcations? 

Dr. Subramanian: First of all, I want to 
thank Professor Kolesov. I was going to 

show a shde of your pubhcation back in 

the Journal of Thoracic and Cardtovascu- 
lar Surge~, and he was indeed the first au- 

thor who proposed the left anterior thora- 

cotomy. It wasn ' t  clear in that report 

whether it was an anterior thoracotomy or a 

standard posterolateral thoracotomy. 

To answer your question, currently we 

do not have a pump standby. We do most of 

them with a heart pump~ and, as I said, ex- 

cept if we feel that as a second module, 
perhaps, when doing a triple bypass graft, 

we will use it. 

Selection on whether to proceed with xt 

or not is really dependent on the time of 
your LAD occlusion, but we have not seen 

any problem with local occlusion of the 

LAD perhaps because of very, very aggres- 

sive use of ischemic preconditioning. I do 

believe that there is a tremendous message 

in xschemic preconditioning, especially 

from the basic investigation as far as the 

inferences we draw from a climcal corre- 

late of operating on patients with a stun- 
ning myocardial infarction or in the cath 

lab, PTCA reference to cath in a coronary 

bypass. I think we do have preconditioning 

effect in our coronary bypass routinely, 

anyhow, in a lot of these patients. So I 

think that may be an important factor here 
why we did not have to resort to cardiopul- 

monary bypass m most of the instances. 

Dr. A. Moritz (Vienna, Austria): Having 
performed some similar operations, but 

through a median sternotomy without car- 

diopulmonary bypass, we found it extreme- 

ly helpful to reduce the heart rate. We were 

not that happy with the verapamil; we 

could not achieve as how a heart rate as we 

planned to. So we went to the animal lab 

and did a series comparing short-acting be- 

ta blockers versus calcium blockers, and 

we found that beta blockers superior both 

in the goal of achieving a slower heart rate 
and of achieving better myocardial preser- 

vation. Although in the animal experiment 

there is a different situation of the coronary 

arteries because they don' t  have primarily a 

stenosls to deal with Do you think that 
your current drug regimen is satisfactory or 

are you developing other reglmens ? 

Dr. S u b r a m a n i a n :  The midline sternoto- 

my coronary bypass operation without a 

pump is ergonomlcally a different opera- 

tion because in an anterior thoracotomy ap- 
proach, the pericardial attachment is still 

left intact to the sternum and the heart is 

not dislocated in contrast to the midline 

sternotomy approach, making the LAD 
closer to the surface of the incision, Hence, 

ergonomically, it is quite simple and easy 

to do the LIMA - LAD anastomosis with 

the anterior thoracotomy operation. 

In our climcal experience with ischemic 

preconditioning we have noticed a trend to- 

wards a slower heart rate during the period 
of local coronary occlusion. We believe 

that this may be related to adenosine en- 

trapment in the interstitial compartment of 

the myocardium. Further basic investiga- 

tional work needs to be done to prove this 

hypothesis. Further evolution of techniques 
of immobilization of the coronary artery 

and the local myocardium nearby will con- 

tinue. The octopus stablhzation platform 

for the LAD developed by the Utrecht 

group, which was presented in a recent 
workshop held on minimally invaslve coro- 

nary bypass surgery prior to this meeting, 

is very interesting. Our own group soon 
will be evaluating techniques for controlled 

reversible localized myocardial stunning 

either by local cardioplegia with pharmaco- 

logic agents and/or with local myocardial 

cryotherapy. I believe controlled localized 

myocardial stunning for this operation will 

probably be the future to allow this opera- 

tion to be applied to a larger number of pa- 

tients by a greater number of surgeons and 
to be of practical use in the area of coro- 

nary bypass surgery as well. We believe the 

controlled localized reversible myocardial 
stunning could mimic the natural history of 

mid LAD coronary artery infarct where the 

heart usually becomes hypokinetic without 
major pump failure or ventricle arrhythmia 

with the advantage of resuscitation of the 

heart in the early permds of lschemia by 

the varieties of techniques we will be eval- 

uating 

Dr. P. Nata f  (Paris, France): I would hke 

to congratulate Dr. Subramanian for his im- 

portant contribution in this new field of 
mimmally invasive coronary bypass graft- 

ing. Using conventional surgical tech- 

niques, he marks the first step of a tenden- 
cy towards a minimal access approach. Our 

experimental, and now our clinical, work 

uses a thoracoscopic approach for LIMA 

harvesting and a 4 cm left anterior thora- 

cotomy for LAD-LIMA anastomosis on a 

beating heart without CPB. 
(Film) So as you can see on this experi- 

mental model, it is easy to harvest the 
internal mammary artery through thoracos- 

copy with only two incisions of 1 cm, and 

you see the cauterlzatton, or we can put 

some vascular clips on branches. With this 
method it is possible to harvest the LIMA 

completely. Thank you. 

Dr. S u b r a m a n i a n :  I think that thoracos- 

copic lmmobdlzation is one part of the 
technique which is going to be coming 

more into use. I think we have to prove that 

if you take lO0 thoracoscopic IMA immo- 
bilizations, how many of them are you go- 

ing to injure or throw it out. So I think that 

remains to be seen. I am very intrigued by 

that technique as an added armamentarium 

of this approach. 
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