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AUTrOGENOUS vein is considered the ideal
graft to bypass occluded arterial segments
in the lower extremity. In the absence of
an autogenous vein, prosthetic materials
and heterologous tissue have been used as
alternative conduits, but they have distinct
limitations. These limitations are particu-
larly crucial in reconstruction below the
knee, for here a pliable substitute with an
endothelial-lined lumen which can be anas-
tomosed to small vessels appears essential
to long-term patency.
When an autogenous vein is not avail-

able for lower limb bypass, a better sub-
stitute than those already mentioned is
needed. Over the past 4 years we have used
fresh venous allografts when autogenous
veins were not available. This paper pre-
sents our experience with 22 such bypass
grafts used in the treatment of arterial in-
sufficiency of the lower extremities.

Clinical Material
Since November, 1966, 22 patients have

undergone arterial reconstruction in the
lower extremity with the use of fresh ve-
nous bypass allografts. The patients' ages
ranged from 40 to 76 years of age, the ma-
jority being in the seventh and eighth dec-
ades of life. The fresh allografts were ob-
tained from eighteen cadavers and four liv-
ing donors. The latter consisted of two pa-
tients undergoing vein stripping procedures
and two undergoing unrelated procedures.
All grafts were used within 12 hours after
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death of the cadaveric donors, or removal
from the living donors. All of the grafts
were placed in antibiotic solution contain-
ing 0.2% cephalothin and 25,000 units of
bacitracin in 500 cc. of normal saline. They
were not stored in a preservative.
The indications for operation were inter-

mittent claudication in six patients, pain at
rest in ten, and gangrene in six. The claudi-
cation interfered with work in four patients
and seriously interfered with normal living
in two.
The sites for homograft vein bypass were

far from ideal. Twelve of the 22 patients
had undergone previous attempts at revas-
cularization. Numerous anatomic and mor-
phologic variations occurred in both the
proximal and distal sites of anastomosis of
the bypasses (Table 1). The proximal site,
or take-off, was from the patient's own ar-
tery (either the common or superficial
femoral) in 15 patients or from a graft
(either an aorto-femoral dacron or femoro-
popliteal autogenous vein bypass) in seven
patients. In four of the eight patients in
whom superficial femoral arteries were
used as proximal anastomoses, a portion of
the superficial femoral artery provided a
suitable vessel for anastomosis after en-
darterectomy. Where a previous femoro-
popliteal autogenous vein bypass was used
as proximal anastomosis, the autogenous
vein had thrombosed as a result of ex-
tended distal disease. Therefore, a throm-
bectomy of the autogenous graft was neces-
sary in three of the four patients before it
was anastomosed to the homologous vein
graft.



934 OCHSNER, DECAMP AND LEONARD

TABLE 1. Anatomic Variations in Venous A llografts

Proximal Distal # Pts.

Common femoral artery -* Proximal popliteal 2
Distal popliteal 2
Posterior tibial 2
Peroneal 1

Superficial femoral
artery Posterior tibial 3

Anterior tibial 3
Peroneal 2

Aorto-femoral dacron
by-pass Distal popliteal 2

Anterior tibial 1
Femoro-popliteal autog-
enous vein by-pass Distal popliteal 1

Posterior tibial 2
Anterior tibial 1

22

The distal sites of anastomoses were the
proximal popliteal in two patients, the
distal popliteal in five patients, the poste-
rior tibial in seven, the anterior tibial in
five, and the peroneal artery in three
patients.

In 20 of the 22 transplants ABO blood
groups of the donor and the recipient were

known. Thirteen patients received veins
from major ABO-compatible donors; in
seven cases there was major ABO incom-
patibility. The blood groups of two donors
were not known. No HL-A leukocytic typ-
ing was performed.

Results

The patients in this series have been
followed from 3 months to 4 years. Eleven
grafts (50%) have occluded and one be-
came aneurysmal. The overall failure rate
is 55%o. The results of these homologous
vein grafts cannot be accurately compared
with the results of other grafts because
most of the patients in this series either had
undergone previous revascularization or the
distal anastomosis was to a small vessel
with poor run-off or both. The homograft
vein in many was used as a last resort,
often in a desperate situation.
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The series is too small and the follow-up
too short to determine the true long-term
patency rate of homologous vein grafts.
However, they obviously do not maintain
the patency of autogenous veins. In our
institution the 2-year patency rate for
femoro-popliteal autogenous vein bypass
grafts is 80% and for grafts to vessels below
the knee, 65%. One patient had an autoge-
nous vein in one extremity and a homolo-
gous vein in the other as a femoro-popliteal
bypass under similar conditions. The ho-
mologous vein occluded at 5 months and
the autogenous vein is still open at 2 years.
Although one would expect that grafting

into more proximal vessels would have
better results, this was not the case. There
did not appear to be any correlation be-
tween the distal site of anastomosis and
the long-term patency. The most common
point of occlusion of the homograft veins
was in the proximal portion of the im-
planted graft. Here the lumen is the nar-
rowest and we suspect occlusion at this
point occurs secondary to contraction of the
vessel by fibrosis and periadventitial re-
action. In three instances we have resected
the proximal occluded segment, thrombec-
tomized the distal homograft with Fogarty
catheters, and replaced the resected seg-
ment with another homograft or prosthetic
graft. Two of these remained patent up to
3 months and then re-occluded, and a third
is still patent 6 months following the sec-
ondary reconstruction.
A microscopic section of one of the ex-

cised occluded vein grafts (Fig. 1) shows
complete replacement of the normal pre-
existing vein wall by dense sclerotic tissue.
There is partially hyalinized fibrous tissue
present throughout a markedly thickened
wall, with extension well into the peri-
adventitial adipose tissue. All traces of nor-
mal media and adventitia have been oblit-
erated by the fibrosis.
The angiographic appearance of the

homograft vein bypass is similar to that



Ann. Surg. * June 1971 FRESH VENOUS ALLOGRAFTS AS AN ARTERIAL SUBSTITUTE
Vol. 173 No. 6

..... '.......................

..:.8'sl

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ... . l.l.l.

~~~~~~~~~~~~~~~~~~~~~

FIG. 1. Transverse section of homologous vein graft removed from patient 6 months fol-
lowing insertion. Dense fibrosis has replaced the normal vein wall, which is markedly thickened.
H&E X 11.

seen in an autogenous vein bypass (Fig.
2). However, one would expect a rough-
ened lumen because of the increased ather-
omatous changes which occur in the intima
of homologous veins (Fig. 3).
Of particular interest in this series is the

role which cell typing may play. Of the six
grafts that remained patent for one year
or more, all had compatible ABO blood
groups. In contrast, of those with major
ABO incompatibility, none were patent
longer than 6 months (Tables 2 and 3).
The true significance of this factor is diffi-
cult to assess because of the small series

and the possible influence of technical fac-
tors in these complicated cases. Despite this
uncertainty, there appears to be a definite
correlation between long-term patency and
ABO compatibility.

Discussion

The experimental evaluation of homolo-
gous veins as a vascular substitute began
in Alexis Carrel's 3 second experiment of
aortic replacement when a homograft vein
from one dog's jugular to another dog's
thoracic aorta was left in place for 2 years
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FIG. 2. Arteriogram of femoro-posterior tibial
bypass with homologous vein graft. Graft has been
functioning 3_ years. Note very little roughening
of lumen.
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and 2 months. In his experiment, the vein
maintained the same size as the aorta, but
its wall was replaced with connective tis-
sue. Since that time, numerous experiments
have been performed to evaluate the effi-
cacy of homologous veins as arterial substi-
tutes. ,8, 11, 13, 14, 18, 20 In early experiments
comparison was made between homolo-
gous veins and homologous arteries in re-
gard to their efficacy as arterial conduits.
Because the voluminous clinical use of ho-
mologous arteries showed frequent degen-
eration with aneurysmal formation, studies
were performed to see if homologous veins
acted in the same or a different manner.
Experimental studies performed by us,2 as
well as those of others," 6 have shown that
the homograft vein becomes aneurysmal
less frequently than the homograft artery.
There are two possible explanations for
this. First, the media of the artery is much
thicker than that of a vein of comparable
size. The large fibromuscular layer in the
artery undergoes ischemic degeneration,
becoming a hypocellular pale-staining layer
of homogeneous tissue showing no evidence
of fibrosis. In contrast to this, the small
fibromuscular layer in the vein usually
shows marked proliferation of fibroblasts
with collagen deposition leading to com-
plete fibrous replacement of the vein wall.
Not only may the mass of the media be re-
sponsible for the difference in histological
reaction, but also the relative blood supply
of the vessel wall may be pertinent. In the
artery the wall of the vessel obtains its
nourishment mainly from vasa vasorum
which penetrate only into the media. In
contrast, the vasa vasorum of the vein often
penetrates into the lumen of the vessel.
Thereby, the vein actually receives some of
its blood supply from its own lumen;
whereas the artery relies on its blood sup-
ply through the vasa vasorum from with-
out. The vascular supply in the intima of
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FIG. 3. Photograph of
proximal portion of fem-
oro-peroneal bypass with
homologous vein graft.
Longitudinal incision in
anterior wall of graft re-
veals atheromatous
changes within lumen.
The graft has been in
place for 6 months.

the vein can encourage cellular prolifera-
tion and progressive thickening of the
tunica intima. The artery wall, on the other
hand, is poorly vascularized and degenera-
tion occurs without remarkable concomit-
ant fibrous proliferation.
Another difference between arteries and

veins may be related to a differing anti-
genicity of the two structures. Although
mass per se does not significantly alter the
antigenicity of a structure, cellularity is in-
deed an important factor. Should the highly
cellular muscle layer of the artery be one

of increased antigenicity, then this in itself
would cause greater destruction than a

vein. The strength of a homograft vein is
due to the early and active proliferative
process leading to extensive fibrous dis-
placement of the vein wall, which, com-

bined with periadventitial fibrosis, gives rea-

sonable strength. In contrast, the strength
of the homograft artery is dependent pri-
marily upon whatever structural elements
of the original artery wall remain intact.

There have been a number of studies 1,18

to compare patency between fresh and pre-

served homologous vein grafts. Some in-
vestigators have felt that there is no differ-
ence; whereas others support one or the
other as the preferred method of procure-
ment and processing.

Studies 8 13, 18 have shown that the au-
togenous vein is distinctly superior to the
homologous vein. In general, an autogenous
vein transplant survives as a living struc-
ture; whereas homologous veins are largely
replaced by fibrous tissue from the host.
The experimental work of Barmer et al.1
seems to support the difference in homolo-
gous veins and autogenous veins on an im-
munologic basis. Support for this thesis is
found in the fact that the majority of
thrombi in homologous veins occur before
30 days and the medial degeneration and
inflammation seen at 20 to 45 days may
well be the morphologic expression of an
immunologic reaction, a basis for thrombo-
sis. Schwartz et al.15 have demonstrated that
homograft canine veins are only weakly
antigenic. Degenerative changes occur first
in the adventitia and subjacent media.
Cellular reaction may be mild or moder-
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TABLE 2. Venous Allografis with Major
ABO Compatibility

Blood Types
Duration

Donor Recipient Status Patency

O 0 Patent 4 years
A A Patent 2 years
O O Patent 2 years
A A Patent 11 years
A A Patent 1 year
O 0 Patent 9 months
B B Patent 8 months
O 0 Patent 6 months
O B Patent 3 months

O 0 Occluded 21 years
O AB Occluded 6 months
O 0 Occluded 2 months
O AB Occluded 1 month

ately severe. Viable muscle cells were
identified in many cases 119 days after
homografting. We consider it significant
that experimental and clinical studies of
venous homografting have demonstrated
that failure, when it occurs, is usually due
to vessel occlusion, presumably from the
combined effects of fibrotic stenosis and
thrombosis. The latter has been a promi-
nent feature and is a recognized character-
istic of severe tissue rejection. A prominent
feature of severe immunoreaction to renal
homografts 12 iS thrombotic occlusion of
medium and large blood vessels. These

TABLE 3. Venous Allografts with Major ABO
Incompatibility

Blood Types
Duration

Donor Recipient Status Patency

B A Patent 4 months

B A Occluded 6 months
A 0 Aneurysm 4 months
A 0 Occluded 4 months
B 0 Occluded 3 months
B A Occluded 3 months
B A Occluded 2 months
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changes occurred in spite of appropriate
immunosuppressive measures.
As far as we know, homografting of

large vessels, both arteries and veins, has
previously been done with total disregard
of tissue compatibility and/or immunosup-
pression. Our experience suggests that, with
the simple expedient of appropriate ABO
matching, results may be significantly im-
proved. How much more might be accom-
plished by more sophisticated tissue match-
ing or by the exhibition of modest immuno-
suppression is a matter of conjecture.
There has been limited clinical experi-

ence with the use of allograft veins as ar-
terial substitute, and no one person has
substantial experience. Review reveals that
fifty such operations 4' 7, 9, 10,16,19 have been
performed and that the patency rate among
these is 48%. The follow-up on the ma-
jority of these patients has been short, al-
though it varies from immediate post-trans-
plantation to 41/2 years. There has also been
a much higher incidence of aneurysmal for-
mation than in our series for which the rea-
son is not apparent. There has not been
much enthusiasm for the use of homolo-
gous veins as arterial substitute, and it is
possible that follow-up on these prelimi-
nary reports has proven a higher occlusion
rate with time. This we would expect know-
ing the histological changes which do occur.

Summary
Twenty-two homologous veins have been

used as bypass grafts for arterial recon-
struction in the lower extremity where au-
togenous veins were not available. Eleven
of the 22 later were shown to be occluded.
Patency of the allografts appeared to be
enhanced by compatible ABO matching.
Our limited clinical experience suggests
that homologous veins can be used as ar-
terial substitutes for limb salvage when do-
nor and recipient have compatible match-
ing of the ABO system.



Ann. Surg. June 1971 FRESH VENOUS ALLOGRAFTS AS AN ARTERIAL SUBSTITUTE 939
Vol. 173 No. 693

References

1. Barner, H. B., DeWeese, J. A. and Schenk,
E. A.: Fresh and Frozen Homologous Ve-
nous Grafts for Arterial Repair. Angiology,
17:389, 1966.

2. Berry, B. E. and Ochsner, J. L.: Unpublished
data.

3. Carrel, A.: Ultimate Result of Aortic Trans-
plantation. Exp. Med., 15:389, 1912.

4. Cockett, F.: Quoted by Barner, H. B., De-
Weese, J. A. and Schenk, E. A.1

5. Dye, W. S., Grove, W. J., Olwin, J. H. et al.:
Two- to four-year Behavior of Vein Grafts
in the Lower Extremities. Arch. Surg., 72:
64, 1956.

6. Field, P., Matar, A. and Agrama, H.: An As-
sessment of Allograft Veins for Arterial
Grafting. Circulation XL: Suppl III: 79,
1969.

7. Gonzales, L.: Personal communication.
8. Jesseph, J. E., Jones, T. W., Sauvage, L. R.

et al.: Five year Observations on Unsup-
ported Fresh Venous Grafts of the Aorta in
Dogs. Surg. Gynec. Obstet., 107:623, 1958.

9. Julian, 0. G.: Quoted in Wesolowski, S. A.
and Dennis, C. (eds.): Fundamentals of
Vascular Grafting. New York, McGraw-Hill
Book Co., 1963, p. 344.

10. Linton, R. R.: Some Practical Considerations
in the Surgery of Blood Vessel Grafts. Sur-
gery, 38:817, 1955.

11. Nabatoff, R. A., Touroff, A. S. W. and Gross,
M.: Four-year Studies Concerning the Fate
of Experimental Vena Caval Autografts Used
to Bridge Aortic Defects. Surg. Gynec. Ob-
stet., 101:20, 1955.

12. Porter, K. A., Marchioro, T. L. and Starzl,
T. E.: Pathological Change in 37 Human
Renal Homotransplants Treated with Im-
munosuppressive Drugs. Brit. J. Urol., 37:
250, 1965.

13. Sauvage, L. R. and Harkins, H. N.: Experi-
mental Vascular Grafts: An Evaluation Re-
lating to Types, Means of Preservation, and
Methods of Suture in the Growing Pig. Sur-
gery, 33:587, 1953.

14. Schloss, G. and Shumacker, H. B., Jr.: Studies
in Vascular Repair. IV. The Use of Free
Vascular Transplants for Bridging Arterial
Defects. An Historical Review wiun Particu-
lar Reference to Histological Observations.
Yale J. Biol. Med., 22:273, 1950.

15. Schwartz, W. I., Kutner, F. R., Neistadt, A.
et al.: Antigenicity of Homografted Veins.
Surgery, 61:471, 1967.

16. Shaw, R. S. and Wheelock, F. C., Jr.: Blood
Vessel Graft in the Treatment of Chronic
Occlusive Disease in the Femoral Artery.
Surgery, 37:94, 1955.

17. Shumacker, H. B., Schloss, G., Freeman, L. W.
et al.: Studies in Vascular Repair. V. Experi-
ments with the Use of Free Venous Auto-
grafts for Bridging Aortal Defects. Yale J.
Biol. Med., 23:81, 1950.

18. Sugiura, A.: An Experimental Study on the
Vasa Vasorum of the Venous Graft Used in
Arterial Replacement. Jap. Circ. J., 32:727,
1968.

19. Tice, D. E. and Santoni, E.: Use of Saphenous
Vein Homographs for Arterial Reconstruction:
A Preliminary Report. Surgery, 67:493, 1970.

20. Williamson, C. S. and Mann, F. C.: Func-
tional Survival of Autogenous and Homoge-
nous Transplants of Blood Vessels: Experi-
mental Study. Arch. Surg., 54:529, 1947.


