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To study the effectiveness of anticoagulants, especially those with Danshen, on patency of vascular microprostheses, 20 Dacron
microprostheses of 1.2 mm inner diameter and 15 mm in length were implanted into femoral arteries of rabbits by using microsurgical
techniques for end-to-end anastomosis. Forty rabbits were randomly assigned to either the experimental group or the control group. The
experimental group was given anticoagulative therapy. Percutaneous Doppler ultrasound, colour flow duplex, femoral arteriogram, gross
inspection and light microscopic examination were used to evaluate the patency of the microprostheses. In the control group, six of the 20
grafts occluded at an early phase and two occluded at a later phase. In contrast, all 20 grafts in the experimental group remained patent four
weeks after implantation. Histological examination showed that the grafts in the experimental group were completely re-endothelialized.
The present anticoagulative regimen played an important role in preventing the formation of a mural thrombus, which benefited the

formation of a neointima in the short term.
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Effets des anticoagulants avec Danshen sur la perméabilité des microprothéses de Dacron dans des expériences chez

I’animal

RESUME : Pour étudier I’efficacité des anticoagulants, notamment ceux avec Danshen, sur la perméabilité des microprothéses, on a posé
20 microprothéses de Dacron de 1,2 mm de diamétre intérieur et de 15 mm de long dans les arteres fémorales de lapins a 1’aide des
techniques microchirurgicales d’anastomoses termino-terminales. Quarante lapins ont ét¢ dirigés au hasard vers le groupe de traitement
anticoagulant ou vers le groupe témoin. On a eu recours a I’échographie Doppler percutanée, a 1’échotomographie Doppler couleur, a
I’artériogramme fémoral, a I’inspection macroscopique et a I’examen microscopique classique pour évaluer la perméabilité des
microprothéses. Dans le groupe témoin, il y a eu occlusion de six des vingt greffes au début, puis de deux autres greffes plus tard. Au
contraire, les vingt greffes étaient toujours perméables quatre semaines apres I’intervention dans le groupe expérimental. L’examen
histologique a révélé que les greffons, dans le groupe expérimental, avaient ét¢ complétement recouverts d’endothélium. Il ressort que le
traitement anticoagulant a joué un réle important dans la prévention de la formation d’un thrombus mural, ce qui a favorisé la formation

d’une nouvelle intima a court terme.

Ithough the development of microsurgery has improved
resurfacing complicated wounds with various flaps, it
also leads to some problems.

The elevation of some flaps, such as forearm skin flaps
and posterior tibial artery flaps, satisfies one of two main ar-
teries that supply blood to the extremities. However, some
patients feel cold on the distal part of their extremities after
operation. The best way to resolve this problem is to recon-
struct the excised arteries.

In some surgical procedures, flaps lack enough pedicle
length to reach the wound, and harvesting autogenous saphe-

nous veins is required to extend the length of the pedicle.
However, this procedure is time consuming and involves an-
other donor incision.

To solve the problems mentioned above, vascular pros-
theses can be used as a substitute for vessel segments. Al-
though large diameter vascular prostheses have been used
clinically for more than 30 years with satisfactory patency
rates (1), difficulty arises when a small diameter graft is re-
quired because of the potential for it to be occluded. Whether
a graft remains patent depends on the formation of neointima
and the epithelialization on the luminal surface of the graft,
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Figure 1) Colour flow duplex examination showed that the variation of
the spectrogram of arterial blood flow within the vascular micropros-
thesis in the experimental group was similar to that of venous blood flow

whereas endothelial cells seeding in the inner surface may be
suitable only for large-calibre synthetic grafts (2). Failure of
synthetic vascular grafts with a small inner diameter (less
than 2 mm), due to pseudointimal hyperplasia thrombosis, is
still a common complication (3,4). In addition, the slow
blood flow in small-diameter synthetic grafts may facilitate
the formation of a mural thrombus, and it remains another
major cause of the early failures.

It is well known that anticoagulation therapy can inhibit
the formation of attached mural thrombi. Heparin is the most
common drug in microsurgery, and Danshen is also a popular
drug for preventing vessel thrombosis in China. In the pres-
ent study, the intent was to determine the effect of Danshen
combined with heparin on the patency of small diameter
Dacron grafts.

MATERIALS AND METHODS

Operating technique

Forty adult New Zealand White rabbits, weighing 3.0 to
3.5 kg, underwent segmental replacement of their femoral ar-
teries with 15 mm long and 1.2 mm diameter knitted Dacron
grafts (Suzhou Silk Knit Test Factory, China). They were
anesthetized by using intravenous pentobarbital (10 to
12 mg/kg). Just before operation, the incision site of the thigh
was anesthetized locally with 1 mL of 2% lidocaine. All the
rabbits had an intravenous cannula placed in the marginal ear
vein, and lactated Ringer solution was infused during sur-
gery, averaging 100 mL for each procedure.

Under the operating microscope, the femoral artery was
exposed and dissected free from surrounding structures.
Branch vessels were controlled with bipolar diathermy. The
artery was ligated proximally and distally, and a 12 mm seg-
ment of the artery was removed. A Dacron prosthesis, 15 mm
long with a 1.2 mm internal diameter, was placed as an inter-
position graft, end-to-end, with eight interrupted 10-0 mono-
filament nylon sutures. Before implantation, the grafts were
immersed in heparinized saline solution. Leaks were con-
trolled with additional sutures. On completion of the anasto-
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mosis, the distal clamp was removed and the backflow of
blood was ascertained before removal of the proximal clamp.
Immediate patency of the graft was assessed by palpation and
visual pulsatile flow in the distal femoral artery. The patency
trial was performed on the artery distal to the anastomosis to
document flow in an antegrade direction. The mean clamping
time of the femoral artery was 20 min. Implantation was done
by using an operating microscope and sterile instruments.
Each rabbit was housed individually under controlled environ-
mental conditions with free access to water and food (pellets).

The rabbits were randomly assigned to either the control
group or the experimental group, resulting in 20 rabbits in
each group. Both groups were given 300 U heparin antico-
agulation therapy intravenously twice daily, from one day
before surgery to seven days after implantation, and the
experimental group was also given 1 mL of Danshen solution
(extracted from the root of red-rooted salvia) each time. Graft
patency was evaluated by using palpation and a Doppler
flowmeter (Polysonics, USA) daily for one week and then
twice weekly.

Four weeks after implantation, three rabbits in each group
underwent operation again along the original incision under
systemic anesthesia, and a cannula was inserted proximally
into the femoral artery to perform an arteriogram. The other
three rabbits in each group were measured by ultrasound us-
ing a colour flow duplex. All rabbits were operated on to in-
vestigate the patency by gross inspection. The entire
specimen, including the graft and recipient vessels, was then
removed and fixed in 10% formalin solution at room tem-
perature. The specimen was then embedded in paraffin, sec-
tioned longitudinally to include the length of the graft with
both anastomoses and sectioned transversely to inspect the
integrity of their intima morphologically. Sections were
stained with hematoxylin eosin.

RESULTS

All animals survived the experiment. There was no evidence
of ischemic deterioration in the operating limbs. On the first
day after implantation, percutaneous Doppler ultrasound was
used to determine the patency of the Dacron graft until four
weeks after surgery. In the control group, four Dacron seg-
ments two days after surgery and two Dacron segments three
days after surgery had no beat sound by Doppler flowmeter.
Colour flow duplex examination showed that these grafts
were obstructed. Gross inspection confirmed that these grafts
were occluded due to thrombosis in proximal anastomoses,
which accounted for 30% of the failures in the control group.
No other occluded grafts were found afterwards in both
groups. Moreover, venous variation in spectrogram was ob-
served in patent grafts (Figure 1). Four grafts that had con-
firmed patency by Doppler flowmeter from the control group
and experimental group, respectively, were chosen to have a
femoral arteriogram. The grafts from the control group
showed a slight stricture, and the remaining grafts from the
experimental group showed smoothness along the luminal
wall (Figure 2).
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Figure 2) X-ray of the femoral arteriogram showed patency of the grafft.
The luminal surface was smooth

Figure 3) The proximal and distal ends of the vascular microprosthesis
were connected to the adjacent artery (hemotoxylin and eosin stain,
original magnification x80)

Histological studies

Experimental group: Light microscopic examination of
transverse and longitudinal sections of grafts removed at
week 4 showed close connection between the grafts and ves-
sels in the proximal and distal anastomoses (Figure 3). The
inner surfaces of the grafts were covered with a layer of thin,
elaborate, neoformative connective tissue, which was lined
by a layer of intact endothelial cells connecting to the same
cells of adjacent vessels. Their size and shape were similar to
the endothelial cells of the artery intima (Figure 4). There
was a layer of thicker and denser neoformative fibrous tissue
surrounding the graft. These neoformative fibrous tissues
were also seen growing into the small interstices between
Dacron fibres in the graft wall, which connected the fibrous
tissues of intima and extima (Figure 4). There was no foreign
body giant cell and no evidence of an inflammatory reaction.
Control group: The remaining grafts, except for the six oc-
cluded grafts, were examined with light microscopy. The lu-
minal surface of the neointima was scarcely covered with
endothelium. Some thrombi were adherent to the nonendo-
thelialized inner surface that was composed of lamellae of
platelets and fibrin, with erythrocytes and leukocytes inter-
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Figure 4) The inner surface of the vascular microprosthesis was cov-
ered with thin and fine neoformative fibrous tissue, and a layer of endo-
thelium covered over this structure with a shape and size that was the
same as those of the endothelium of the adjacent artery (hemotoxylin
and eosin stain, original magnification x80)

spersed. These nonendothelialized areas were mainly in the
central portion of the graft.

DISCUSSION
Large-diameter vascular prostheses have been used clinically
for many years with satisfactory patency rates, but the
patency of small internal diameter grafts is still low and un-
certain. Occlusion is the main problem affecting the use of
small vascular prostheses, and it mainly results from pseudo-
intimal hyperplasia, thrombosis and infection. Some authors
consider that the risk of thrombosis and infection will be re-
duced by rapid endothelialization and good incorporation of
implanted grafts because a layer of endothelial cells on the
inner surface will decrease graft thrombogenicity and bacte-
rial adherence (5-7). Actually, it was not very difficult to
avoid infection by using a strict aseptic technique in the ex-
periment. There was no evidence of graft infection in any
specimen of our experiment. The material, inner surface
structure, pore size of the wall of the prostheses and blood
flow rate inside it are also known to influence re-endotheli-
alization (3,8). What influence does anticoagulation therapy
exert on the patency rate of vascular prostheses under the
same condition, other than the factors mentioned above? Pre-
vious attempts to improve patency of small diameter grafts,
including acetylsalicylic acid (9), dipyridamol (10), ibupro-
fen (11), prostacyclin (12) and heparin (13) have not shown
consistent or clinically reliable results. Owing to this reason,
we made an attempt to increase the patency rate of small-di-
ameter prostheses with the regimen of Danshen and heparin,
and excellent results were achieved. The mechanism of hepa-
rin has been well known for many years, but Danshen is not
well known in countries other than China. Danshen is the
Chinese name for Salvia miltiorrhiza Bunge, mainly com-
posed of tanshinone I and tanshinone II. Experimental stud-
ies confirmed that it can dilate the coronary artery, increase
blood flow inside the coronary artery, reduce the heart rate,
decrease blood viscosity and increase the velocity of blood
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flow inside the vessel (14). In China, it is widly used after mi-
crosurgery.

The patency of vascular prostheses depends on epitheliza-
tion of the luminal surface. Any exposed site of luminal sur-
face is liable to result in thrombosis and occlusion in the
graft. These complications frequently occur in the first three
days after grafting, according to our observation of the con-
trol group.

The source of the tissue for the inner capsule is of critical
importance in determining the potential future clinical effi-
cacy of the prosthesis. There are three main hypotheses for
synthetic graft endothelialization.

e Migration of endothelial cells from arterial or venous
edges over the graft. Berger et al (15) observed the
variation of neointima at multiple time points in the
prosthesis and noted consistent epithelialization from
the anastomoses.

e Capillary ingrowth through graft interstices. Howard et
al (16) suggested that the formation of inner capsule
tissue is a result of transinterstitial migration. They
observed the immature mesenchymal cells in the
interstices of the prosthesis and of an inner capsule in
specimens. These cells developed into various
characteristic mature cells (8).

e Deposition of circulating endothelial cells. Mackenzie
et al (17) considered that round cells in the blood may
be undifferentiated multipotential cells that may
differentiate into various mature cells. We believe that
epithelium migration from the arterial edge is the main
source for re-endothelialization of the inner surface
because the sections’ examinations confirmed that a
layer of intact endothelial cells covering the inner
surface of the graft linked up with the epithelium of
the adjacent arteries in our experiment. In occluded
grafts of the control group, some epithelial cells were
also observed growing only onto the end of graft from
vessel edges.

The occlusion of prostheses frequently occurred in the
first week after operation, according to our observations. The
graft segment was likely to be re-endothelialized, provided
that thrombosis did not occur in the vascular prosthesis in
the first week. Low blood circulation and formation of at-
tached mural thrombi in the small diameter vascular pros-
theses are the most important causes of graft failure. Sharp
(18) considered that any vascular prosthesis that maintained
patency over three weeks could be regarded as having long
term patency.

CONCLUSIONS
There was a significant difference in the patency rate at week
4 between the experimental group and the control group in
the present study. Satisfactory patency rates in the experi-
mental group showed the effectiveness of the regimen of an-

ticoagulation therapy used. Therefore, the authors have
reason to believe that Danshen can prevent thrombosis in a
graft, owing to its ability to both decrease the viscosity of
blood and increase the speed of blood flow. The anticoagu-
lant regimen used has a potential future in microprosthesis
grafting.
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