
Critical Analysis of the Preoperative and Operative
Predictors of Aortocoronary Bypass Patency

IVAN K. CROSBY, M.B., B.S., HARRY A. WELLONS, JR., M.D., GEORGE J. TAYLOR, M.D., CHARLES J. MAFFEO, PH.D.,
GEORGE A. BELLER, M.D., WILLIAM H. MULLER, JR., M.D.

A prospective analysis of the angiographic and operative
anatomic and reconstructive variables that influenced graft
patency was undertaken at the University of Virginia Medical
Center in 50 consecutive patients. Postoperative restudy
showed that 18 of the 168 grafts performed were occluded due to
venous disease, inadequate run-off, or sequential design error.
Angiographic artery size was 27% larger than operative esti-
mations; graft patency significantly increased with increasing
distal artery diameter, with decreasing venous conduit diame-
ter, and with good graftability rating pf the vessels pre6pera-
tively. Ejection fraction, the degree of arterial stenosis, and the
source of the saphenous vein conduit (the thigh or the lower leg)
had no influence on graft patency. Simple grafts had a 96%
patency, while sequential grafts had an 80% patency. When de-
sign error for sequential grafts was eliminated, the sequential
patency rate rose to 88%. For revascularization of small cir-
cumflex vessels, consideration should be given to variation in
the sequential grafting technique to improve patency in these
vessels.

E VALUATION OF AN INDIVIDUAL in terms of being a

"good candidate" or a "poor candidate" for
coronary revascularization is usually based on a com-
posite analysis of symptoms, age, bodily habitus, per-
sonality, and motivation, as well as coronary arterio-
graphic and ventriculographic findings. Interpretation
of such objective signs as stenotic lesions seen on
coronary angiography varies from one observer to an-
other, and even the same individual will grade the same
stenosis differently on different occasions.3 6 Such
interobserver and intraobserver variability is a signifi-
cant problem.56 Similarly, the assessment of the distal
vessel in terms of suitability for bypass grafting (grafta-
bility) also varies. A distal vessel with a large internal
diameter (2 mm or larger) free of local or distal disease
is optimal for grafting and one presumes these vessels
have a better chance of long-term patency ;2 13 whereas
the smaller vessel (1.0- 1.5 mm internal diameter) with
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local or diffuse distal disease is felt to have a lower
chance of long-term patency, and is regarded as less
suitable for grafting.17
For the last 12 years, simple coronary venous bypass

grafts have been used extensively; in recent years, in
the quest for "total revascularization," some centers
have been using sequential grafting techniques de-
scribed eight years ago by Bartley and Bigelow3 4 and
popularized by Sewell16 and Grondin.10 Green8 recom-
mended the use of lower leg saphenous vein for the by-
pass conduit, because it was more accustomed to a
higher hydrostatic pressure and thus less distensible.
Whether coronary vein graft patency varies with the
type of revascularization technique, or with the source
of the venous conduit (thigh vs leg saphenous vein),
is not well understood.

In an attempt to evaluate the scientific accuracy of
such predictors of graft patency as graftability and de-
gree ofcoronary arterial stenosis; to compare the angio-
graphic sizing of coronary arteries with the operative
sizing of the same vessels; to compare thigh vein graft
patency with lower leg vein graft patency; and to evalu-
ate graft patency with different reconstruction tech-
niques, a group of patients at the University of Vir-
ginia was studied prospectively with pre- and postoper-
ative arteriography.

Materials and Methods

Angiographic Evaluation

Between May 14, 1979 and January 28, 1980, the pre-
operative coronary arteriograms, the operative find-
ings, and the postoperative arteriograms in 50 consecu-

tive study patients undergoing coronary artery bypass
grafting were analyzed. Patients with concomitant
valvular heart disease or ventricular aneurysms were
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TABLE 1.

Graftability Stenosis

0= Good 0= N1
I = Fair 1 = 0-25%
2 = Poor-small distal vessel 2 = 25-49%
3 = Poor-distal lesion 3 = 50%
4 = Poor-lesion at site of graft 4 = 50-69%
5 = Uncertain -vessels filled by collaterals 5 = 70%

only 6= 90%
6 = Uncertain-vessel not visualized 7 = 99W
7 = NA (absent) 8 = Total occlusion

Graftability: Categories 0-7 describe the graftability ratings
consistently applied to all distal vessels.

Stenosis: Categories 0-8 represent the numerical degree of vessel
stenosis. This is measured by caliper comparison of the stenosis
with the native vessel immediately distal to the stenosis.

excluded from this analysis. A single cardiologist made
a blind analysis of all patients' coronary arteriograms,
recording independently and without knowledge of
clinical or operative findings the degree of stenosis of
each vessel by caliper calibration and the internal diam-
eter of each distal vessel by caliper comparison of the
luminal diameter with the tip of the angiographic cathe-
ter. The graftability of each vessel was designated
according to the criteria outlined in Table 1. This
cardiologist matched his evaluation with the official re-
port of the catheterizing cardiologist, and when there
was a discrepancy, an independent cardiologist evalu-
ated the angiogram, and, finally, all three cardiologists
gave a consensual reading for that patient.

Intraoperative Ev aluation

The operative technique was quite standardized:
myocardial protection entailed core cooling to 28 C,
iced saline in the pericardial well, and infusion of cold
crystalloid cardioplegic solution into the aortic root
every 15-30 minutes. At surgery the internal diameter
of all vessels grafted was measured using calibrated
probes, the external diameter of all vein grafts, whether
simple or sequential, was measured, and the source of
the vein for each graft (thigh saphenous vs lower leg
saphenous vein) was noted along with the revasculari-
zation technique (simple graft vs sequential graft). The
internal mammary artery was not used in this series,
and 168 anastomoses were performed (an average of 3.4
grafts per patient). Continuous suture technique was

used in all anastomoses.
After two to three months of convalescence and con-

ventional physical rehabilitation, patients were read-
mitted to the hospital for cardiac assessment. At this

time, most patients were walking two to five miles daily.
After repeat coronary arteriography, the same investi-

gator interpreted all coronary arteriograms in terms of

the state of the native circulation, the ventricular wall
motion and global ejection fraction, and graft patency.

Not all patients who underwent coronary revascu-

larization were included in this study. Patients whose
original coronary arteriograms were performed at other
centers were excluded, and although all patients other-
wise were asked to participate in this study, not all
agreed to the protocol. Accordingly, this report

analyzes 50 consecutive patients completing the three
stages of the study-operation-restudy protocol.

Results

Graft Patency

Both simple and sequential grafting techniques were

used. There were 88 simple grafts, with an overall
patency rate of 96%. The patency rate of all venous

conduits, both simple and sequential, was 93.6%.
Thirty-seven conduits were used for 80 distal sequen-

tial anastomoses, or 2.2 distal anastomoses per conduit
were performed with the sequential technique. There
were 40 side-to-side sequential anastomoses, with an

overall patency rate of 83%, and 40 end-to-side sequen-

tial anastomoses, with an overall patency of 75%. The
total patency rate for all sequential anastomoses was

80%. There were 18 occluded grafts among the 168 dis-
tal coronary anastomoses, for a total graft patency rate
of 89.3% (Fig. 1).

Causes of Graft Occlusion

The causes of graft failure were a) venous disease in
six patients (33.3%), b) inadequate run-off in five grafts
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FIG. 1. Graft patency: the overall patency of simple grafts, venous

conduits, and sequential grafts are compared.
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FIG. 2. Both proximal and distal anastomoses of this graft to the
LAD are patent, inculcating venous disease as the cause of
graft occlusion.
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(27.8%), and c) conceptual errors in sequential graft de-
sign in seven grafts (38.9%). Failures in the first cate-
gory (a) resulted from the use of a disproportionately
large venous conduit size (6 mm or larger) when small
distal arteries (1.0- 1.25 mm diameter) were being re-

vascularized, as well as angiographic identification of
the vein as the cause of graft occlusion (Fig. 2). In the
five grafts in the second category (b), attempts were

sometimes made to revascularize small arteries
(1.0- 1.5 mm diameter) which had severe local and dif-
fuse distal disease. This severe limitation of graft run-

off was felt to be the cause of graft occlusion. When
the sequential design of the seven grafts in the third
category (c) resulted in the terminal artery grafted
(end-to-side anastomoses) being as large as or larger
than the diameter of the previous artery grafted (side-
to-side anastomoses), the patency rate of the terminal
graft was 88%. If the terminal artery was smaller than
the previously grafted artery (this occurred in 13 in-
stances), the patency of the terminal grafts was 46.2%!
The authors regarded this latter, unsatisfactory result
as a conceptual design error (DE) that predisposed
towards graft occlusion (Fig. 3).

Predictors of Graft Patency

The overall graft patency in the 50 patients has been
clearly defined in Figure 1. To purify the accuracy and
significance of each of the preoperative and operative
predictors of graft patency, other causes of graft oc-

clusion that would skew the influence of each predictor
have been excluded, and the significance of each pre-
dictor on graft patency has been analyzed.

SEQUENTIAL GRFTS
FIG. 3. Sequential grafts: while the overall sequential patency was

80%, when the design error had been eliminated, the patency
rose to 88%; whereas in those 13 instances of design error, graft
patency was 46.2%.

Degree of Arterial Stenosis

The influence of the degree of arterial stenosis on

subsequent graft patency is outlined in Figure 4. There
is no significant difference in the patency rate with vary-
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FIG. 4. There is no significant difference in graft patency related to

the degree of arterial stenosis. Interestingly, revascularization of ves-

sels with stenosis less than 70% resulted in 100% patency.
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FIG. 5. Graftability is a significant predictor of graft patency: good
graftability vessels had 100% patency, while fair-poor category
vessels had 91' patency. 0: good: 1: fair; 2: poor-small distal ves-

sel; 3: poor-distal lesion; 4: poor-lesion at site of graft; 5: un-
certain: vessel filled by collaterals only; 6: uncertain-vessel not
visualized: 7: NA (absent).

ing degrees of coronary arterial stenosis or total occlu-
sion. Even in vessels with less than 70% stenosis, the
vein graft patency has been excellent (100%), despite
the concept that competitive flow predisposes to graft
occlusion.
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FIG. 7. With increased coronary artery diameter, there is a step-wise
increase in patency until the vessel reaches 2 mm in diameter.

Graftjubiliti,
The graftability rating of all 168 distal vessels grafted

was included in categories 0-5 of the graftability code
(Table 1). To analyze the predictive value of the graft-
ability rating only, graft occlusion due to venous dis-
ease and conceptual errors in sequential graft design
were excluded. Figure 5 shows a statistically superior
patency in "good" graftability vessels. A surprising
finding was the unexpectedly high patency of vessels in
the "uncertain" category. These vessels were filled by
collaterals only, and an accurate preoperative estima-
tion of their size was impossible. Not only were these
vessels usually graftable, but they had a patency of
98.2%. The influence of grafting technique (simple vs

sequential) was analyzed along with the graftability
ratings, and there was no variation in graft patency in
the three graftability categories, whether the simple or

the sequential technique was used.

Preopera tive Coronary Arterial Diammetet-

Preoperative and operative estimations of coronary

arterial size were compared for each vessel grafted.
Figure 6 compares the operative and angiographic size,

and the aggregation of points below the line of direct
relationship shows that for each individual artery, the
average angiographic size was 0.47 mm larger than the
size found at surgery. This represents an overall "mag-
nification" factor of 27%.

0

0 2 3 4

ANGIO SIZE (mm)

Fici. 6. A significant "magnification factor" is shown when angio-
graphic size is compared with operative size. On average, the angio-
graphic size was 0.47 mm larger (27% ) in diameter than the size

found at surgery.

Operative Coronary Artery Ditamtieter

The coronary artery diameter measured at sur-

gery was evaluated as a predictor of graft patency, and
Figure 7 outlines a step-wise increase in graft patency
with increasing coronary arterial diameter from 1 mm

up to 2 mm. From 2 mm to 4 mm, all vessels were

patent. There is a statistically significant difference in
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the patency of vessels 1.0-1.5 mm in diameter and of
vessels 1.5-2.0 mm in diameter, when compared with
vessels 2.0 mm or more in diameter. Obviously, in this
analysis, grafts that were occluded because of venous
disease or defective sequential design and arteries that
had been endarterectomized prior to grafting were

excluded.

Diameter of Venous Conduit

The external diameter of the vein graft was a signifi-
cant predictor of graft patency, and Figure 8 shows a

step-wise decrease in graft patency with increasing
venous conduit diameter. In this analysis, arteries
where the defective graft design was used were ex-

cluded along with grafts that were occluded because of
very limited arterial run-off.
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Source of Venous Conduit

In this study, 110 grafts used saphenous vein har-
vested from the thigh, and 58 grafts were constructed
with saphenous vein from the lower leg. The thigh
saphenous vein graft patency was 91%, and the leg vein
patency was 83%. There is no significant difference in
these patency rates. When the source ofvenous conduit
is analyzed in terms of revascularization techniques, as

outlined in Figure 9, there appears to be a strikingly
significant patency differential between sequential
grafts constructed from thigh veins (86%) and sequen-

tial grafts from leg veins (67%). However, closer analy-
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FIG. 9. Thigh vein patency vs leg vein patency: when the 110
thigh vein grafts and 58 leg vein grafts were divided into simple and
sequential categories, there seemed a significant difference between
the leg vein sequential graft patency and the thigh vein sequential
graft patency (67% vs 86%). However, when graft occlusions due to
inadequate run-off are excluded, the leg sequential patency is 78%
and thigh sequential patency is 89%, and the difference is insignifi-
cant.

sis shows that in the thigh vein sequential category,
two graft occlusions were due to inadequate run-off; if
these are excluded from the analysis, the patency of
thigh sequential grafts is 89%. In the leg vein sequential
category, there were three graft occlusions due to in-
adequate run-off; if these are excluded from the analy-
sis, the patency of leg vein sequential grafts is 78%.
There is no statistically significant difference between
the 89o and the 78%. From these and additional analy-
ses (multivariant discriminate analysis), there is no dif-
ference in graft patency whether the vein is harvested
from the thigh or the lower leg.

N 4 N-69 N-51NI Vein -Artery Ratio
Attempts were generally made at surgery to match

the diameter of the vein to the diameter of the artery
grafted, within the limits of the venous conduit avail-
able. However, on many occasions the vein diameter
was larger than desired. This external diameter of the
venous conduit was compared to the internal diameter

____- of the grafted vessel (V:A ratio), and the influence of
3 4 5 6 7 the V:A ratio on graft patency was analyzed. With in-

creasing V:A ratio there is a step-wise deterioration in
VEIN DIAMETER (mm) graft patency until the ratio becomes 4.5:1 (Fig. 10).

At this level the graft patency rate is 71%. However,
ncreasing diameter of the vein graft, there is progres- there were six grafts (all sequential) with a ratio be-

n in graft patency (excluding defective sequential
all vessels with distal disease). tween 4.5:1 and 6:1 that were patent. When the V:A
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FIG. 10. As the vein-to-artery ratio increases, there is progressive
deterioration in overall graft patency from 100% down to 71%. De-
spite this trend, there were six sequential grafts (all patent) with V:A
ratios greater than 4.5:1.

ratio for simple grafts was analyzed, there was no step-
wise deterioration in graft patency with increasing
V:A ratio, but then the overall patency of simple grafts
was 96%. With sequential grafts with an overall anas-
tomosis patency of 80%, there seemed to be step-wise
deterioration in graft patency with increasing V:A ratio
until the ratio became 5: 1. However, when graft occlu-
sion due to design errors was excluded, the sequential
anastomosis patency was 88%, and there was no signifi-
cant difference in graft patency with increasing V:A
ratio. The number of grafts in each V:A ratio category
is small, and in grafting small arteries there was an op-
erator bias towards using sequential revascularization
techniques, as there was no simple V:A ratio greater
than 5:1. Although in this study there is no statistical
validity in the concept that graft patency deteriorates
with increasing V:A ratio, the trend seems clear.
The success of the sequential technique in achieving
graft patency in the small number of vessels with V:A
ratio greater than 5:1 justifies continued utilization of
this technique in this setting.

Ejection Fraction

Segmental wall motion and global ejection fraction
were taken from the right anterior oblique cineventric-
ulogram both pre- and postoperatively for each indi-
vidual patient (Fig. l1). The mean preoperatively was
63%, and postoperatively it was 65%, but there is no
significant difference between these two. Comparison
of ejection fractions of patients with patent grafts and
occluded grafts shows no significant difference either.
Thus, ejection fractions cannot be used as a predictor
or marker of graft patency.

Ann. Surg. * June 1981

Discussion

Degree of Arterial Stenosis and Arterial Size

This study suggests that there is no in vivo validity
in the theoretical concept that a bypass around a 50%
stenosis sets up competitive flow and predisposes
towards graft occlusion. There was complete patency
in all of these grafts, but whether such grafting precipi-
tates deterioration in the proximal native circulation
needs additional clarification. In stenotic vessels, graft-
ability is a valuable predictor of patency; however, it
has no value as a predictor of patency in totally oc-
cluded vessels. The high patency rate (98.2%) of ves-
sels in the "funcertain" category encourages an aggres-
sive attempt at revascularization for all totally occluded
vessels.

Several reports have discussed the degree of stenosis
found at autopsy and compared that with the angio-
graphic stenosis.1'9'18 There is a consistent angiographic
underestimation of the severity of the stenosis (5-33%)
as compared with autopsy findings. However, the au-
thors were unable to find a report of the comparison
of the angiographic and operative arterial diameters,
and the overall magnification factor (27%) is not unex-
pected. At angiography, the coronary artery is dis-
tended by physiological blood pressures; in the ar-
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FIG. 12. The transverse
sinus sequential graft al-
lows revascularization of
small circumflex branches
and termination of the con-
duit in the larger LAD run-
off.

TRANSVERSE SINUS GRAFT
rested, cooled, flaccid heart with the artery collapsed,
this distending pressure is absent. Additionally, hypo-
thermic vasoconstriction will play some role in the
reduction of the diameter of the distal vessels.

If one grafts coronary arteries with a diameter of 2
mm or more only, the patency will be exceptional.
However, this standard would preclude revasculariza-
tion of the many people (e.g., diabetic females) whose
coronary artery size is no greater than 1.25 mm.
Incorporating a large number of these latter patients
in any series will result in a lower overall graft patency
(Fig. 8). The size of the distal artery and the diameter
of the vein graft are more important in terms of
graft patency than whether the venous conduit comes
from the thigh or the leg area.

Graft Patency

In the years since the preliminary publication of the
results of the Veterans Administration Randomized
Cooperative Study,'4"5 many authors have reported
vein-graft patency rates considerably higher than the
69% overall patency rate in that study.7"10-12"17 How-
ever, patency rates of venous coronary bypasses have
traditionally been lower than the 96-100% early
patency of the internal mammary graft to the anterior
descending artery.7'11'17 While the overall simple
graft patency rate in this series was 96%, simple grafts
to the anterior descending artery had a patency rate of
97%. It is encouraging to see that the LAD vein graft
patency now approximates the good patency level of
the internal mammary artery graft. Although there will
be deterioration in the venous conduit, it will be in-

teresting to see if the late vein graft patency approxi-
mates the late patency rates (92-96%) at one year for
the internal mammary artery reported by other
authors. 1',17

Circumflex Grafts

Simple grafts to the circumflex system had an overall
patency of 95% in this series. However, circumflex
side-to-side grafts had a 67% patency rate, and end-to-
side circumflex sequential grafts had a 61% patency
rate. When the circumflex grafts are excluded from the
sequential series, the side-to-side patency rate in the
overall experience is 92%, and the end-to-side patency
rate is 86%. In terms of global graft patency, another
way to look at the results in this study group is that
right coronary grafts had 100% patency, anterior
descending diagonal grafts had 93% patency rate, and
circumflex grafts had 75% patency. While this circum-
flex patency is similar to that reported by Bigelow and
Bartley,4 the results are somewhat unsatisfactory.
Sewell reported a 97% side-to-side anastomosis
patency rate, and an 87% end-to-side anastomosis
patency rate, along with an 88% simple graft patency
rate. 16 While Sewell's sequential anastomosis patencies
appear remarkably good, when one analyzes these data
further, end-to-side anastomoses to the circumflex mar-
ginal vessels (20 grafts) had only a 75% patency rate.
Grondin'0 made an important feature of his sequen-
tial grafting technique the termination of all grafts on
the left anterior descending artery (a large run-offbed!) .
He felt that diamond-shaped side-to-side anastomoses
were preferable and that alignment of the graft to avoid
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Long Graft to
1.25mm/1.25rntn Artery A ; J- L > FIG. 13. In patients with

small arteries (1.0-1.5 mm
in diameter), rather than
the conventional triple
venous conduit recon-
struction technique, the

X. ~~~~~~~~~~~~~~~~~~~~~long-sequentialgraft allows
total revascularization with
a higher chance of patency
in the smaller circumflex
arteries.

kinking was an important feature of early graft patency
(95.7%).
When the circumflex vessels are small (1.25 mm in

diameter), a modification of the sequential technique
should be considered. Using a transverse sinus con-
duit, a side-to-side anastomosis to the small circumflex
artery is performed. Then anastomosis to the diagonal,
and finally the anterior, descending artery gives com-
plete revascularization with the graft ending in a large
run-off bed and this predisposing to sequential graft
patency (Fig. 12). Similarly, a small (1.25 mm) distal
circumflex vessel, that would require a long simple graft
in the conventional triple-vessel reconstruction, would
have a lower chance of long-term patency; from the
analysis of the predictors of graft patency in this study,
consideration should be given in this situation to incor-
porating the revascularization of this circumflex vessel
as part of a circular graft utilizing sequential techniques
(Fig. 13).

Summary

The predictors of aortocoronary bypass patency in
a prospective study-operation-restudy protocol of 50
consecutive patients at the University of Virginia were
subjected to multivariant discriminate analysis. The
degree of arterial stenosis and the source of the venous
conduit (thigh vs lower leg saphenous vein) had no in-
fluence on graft patency. Large distal arteries and nar-
row venous conduits were predictors of excellent graft
patency. Simple graft patency (96%) was superior to se-
quential anastomosis patency (80% overall). Careful
attention to sequential graft design allowing side-to-
side anastomoses to smaller circumflex vessels and

termination of the conduits in larger anterior descend-
ing or right coronary vessels should result in superior
patency.
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DISCUSSION

DR. RICHARD E. CLARK (St. Louis, Missouri): The authors have
reinforced findings that have been noted before; namely, that if you
have a coronary artery of 2 mm or larger, you have an excellent
chance for immediate and long-term patency. Secondly, a poorly
visualized vessel on angiography requires surgical exploration, be-
cause, in most cases, one can find an area of that artery which is
suitable for anastomosis. This is illustrated by the fact that the
authors had a 94% immediate patency rate with this type of
vessel.
This study is somewhat at odds with the findings of others con-

cerning the importance of matching the diameter of the vein graft
with the size of the artery. Dr. Crosby found diameter matching to
have no statistically significant influence on patency. However, the
studies of Green in 1972 and Gott in 1977 emphasized the impor-
tance of velocity on patency and the influence of anastomotic area
on velocity suggesting improved patency with vascular diameter
matching. The authors found, as had Grondin, that sequential grafts
should probably terminate in the vessel of larger size.

I'd like to ask Dr. Crosby several questions; first, were graft
flows measured, and if so, could these data be correlated to any of
the other variables considered in this study?

Second, since the last patient was entered into the protocol on the
28th of January, 1980, has any patient had a second cine angio-
graphic study to provide more information concerning the long
outcome, particularly concerning the sequential grafts?

Third, I'd like to know his opinion about bridging separate vascu-
lar beds with sequential grafts, particularly where each of these sepa-
rate beds may have separate resistances.

Finally, does he still recommend more than two anastomoses per
sequential graft?

DR. IVAN K. CROSBY (Closing discussion): We feel that the vein/
artery ratio is important, and obviously, in all cases, we try to tailor

the diameter of the vein graft to the size of the artery being grafted.
However, you can't change the size and quality of the venous con-
duit in most patients and in many cases, the diameter of the graft
was larger than what we would consider optimal; and that's why we
looked at the ratio of the venous diameter to arterial diameter.
Even though we tried to look at this in several ways, we were

limited by the fact that in these 50 patients, there were only 168 dis-
tal anastomoses and that the number of grafts in each vein diameter
category was quite small, and we were thus unable to demonstrate
statistic validity with this analysis. In this regard, and this is in an-
swer to one of your other questions, an additional 50 patients will
be restudied after coronary revascularization (I think we are up to 48
at present) and these 50 will be added to this analysis.

In terms of longitudinal studies, we haven't, at present, any addi-
tional data on these initial 50 patients. We are contemplating bring-
ing them back a year after operation for further analysis.
We have, traditionally, done sequential grafts in the same coro-

nary bed; for example, the anterior descending diagonal bed, the cir-
c.imflex bed, or the right coronary and posterior descending bed.
However, in attempts to revascularize distal vessels of small
diameter, we have compromised some of these principles to achieve
more optimal flow characteristics and better graft design.

(slide) This represents the average length of an anterior descending
graft, 13 cm. A right coronary graft is about 16 cm. A graft to the
circumflex through the transverse sinus is just under 12 cm, and a
circular graft, revascularizing everything, is about 36 cm.

In an attempt to shorten the length of the graft, which was one
variable we didn't analyze, and also in an attempt to give side-to-side
anastomoses to small vessels, we do at times cross beds and go from
the circumflex system to the anterior descending, or occasionally
from the right system over to a very dominant atrioventricular groove
branch of the circumflex. I don't have any long-term follow-up data
on these patients at this time.
We didn't measure graft flows in this study. We have two flow

meters and we have been disappointed with the quality and consis-
tency of the measurements with both instruments, and thus, flow
measurement wasn't included in this study.


