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prosthesis by in vivo Microscopy

Yong-Bae Kim, M.D.* Helmut P. Reisch, M.D.** Donald Serafin, M.D.***
and Bruce Klitzman, Ph.D,***

Department of Plastic and Reconstructive Surgery”, College of Medicine
Soonchunhyang University Institute fir Physiologie™, Universitat Erlangen Division of Plasic,
Reconstructive, Maxillofacial and Oral Surgery™*, Duke University

Expanded polytetrafiuoroethylene(ePTFE) grafts 4mm long and 1mm in dia-
meter were implanted into the iliac artery of 100-150g male rats using
standard microvascular technique. Prior to clamp removal, the cremaster
muscle was isolated as an island flap based on the iliac artery and
observed using intravital fluorescene microscopy. Fields which contained a
bifurcation of a first order arteriole(80-100 um diameter) into second order
arteriole(50-80 um) were chosen for observation. Platelets were labeled in
vivo with acridine red to visualize and quantify the aggregates. Images of
microemboli were counted manually and the area was measured by com-
puterized planimetry. Six control grafts were implanted with no further pro-
cessing, six were irrigated with heparin, and six were coated with tridodecyl-
methylammonium chloride(TDMAC) and heparin. Most thrombi appeared
within the first five minutes after implantation in all groups. The total number
of emboli observed in the control group was 91 per animal, in the heparin
irrigation group it was 84, and in the TDMAC-heparin group it was 22. The
total thrombus area observed per animal was 137,660129,467 um? in the
control group, 79,040110,893 un? in the heparin irrigation group, and
17,498+6,059 um? in the TDMAC-heparin group(p<.01 vs control or
heparin irrigation group). With this results we could find that heparin irraga-
tion and TDMAC-heparin coating appear to reduce the number, size, and
total amount of microemboli generated by ePTFE graft implantation and
apparent thromboresistant property of TDMAC-heparin coating may have
widespread application in many clinical and research areas and this ex-
perimental model can be used for evaluation of other graft matrials.
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vascular perfusion. In addition, in vivo tests of
thrombogenicity may not correlate well in vivo per-
formance of biomaterials. Thus, the purposes of this
study were to develop a model for quantifying the
microemboli which are produced by microvascular
prosthses and to test the hypothesis that heparin
bonding reduces microemboli formation.

MATERIALS AND METHODS

General Animal Preparation

Male CD virus antibody free rats (Dominion Labs,
Dublin, VA) weighing 100-150 gm were anesthe-
tized with intraperitoneal sodium penthotal (Nem-
butal, Abbott Labs, Chicago, IL) of 60 mg/kg body
weight with supplemental doses as required. The
entire lower abdomen and scrotal area were
shaved. The rats were placed on a heating pad
and the rectal temperature was maintained at 37+
1C.

Anatomy and Dissection

The cremaster muscle was isolated on its vascu-
lar pedicle as same manner previously described
(Acland et al., 1989) and is shown in Fig. 1. A long
incision from the anterior superior iliac spine to the
upper portion of the scrotum was made, and the
lower portion of the external oblique muscle was ex-
posed and incised to expose the iliac artery. The
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Fig. 1. An ePTFE graft was inserted in the hypogastric
artery and downstream microemboli were evaluated on
isolated cremaster muscle.
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hypogastric artery and all small branches of the iliac
artery were ligated with 8-0 nylon or cauterized with
bipolar coagulater except the pudic-epigastric artery
and the superior pudendal artery. Then a loop was
formed around the common femoral artery. The
right iliac artery was then transected and a 4mm
long and 1mm in diameter ePTFE interpositional
graft was implanted in the arterial gap(Fig. 1). Prior
to release of the clamp, the scrotum was incised
and separated from the cremaster muscle. The
dorsl avascular area of the cremaster muscle was
then cut and separated from the testicle. The rat
was then placed on a clear plastic stage with warm
water circulating under the rat torso as well as the
cremaster muscle(Fig. 1). Before releasing the
clamp, the ipsilateral femoral artery was ligated with
6-0 silk.

Platelet Labeling

To visualize and quantify microemboli, platelets
were labeled with acridine reddimethy! [6-(methylami-
no)-3H-xanthen-3-yliden] ammonium chloride (Pfaltz
and Bauer, Waterbury, CT). A working solution was
prepared by the method of Burger and Salz-
man(Berger and Salzman, 1974) by dissolving 50
mg of the acridine red in 0.5 ml ethanol and diluting
to a total of 10ml with saline, resulting in a final
concenturation of 5mg/ml at a pH of 3.3. The solu-
tion was then filtered through a filter of 0.22um
pore. A fresh solution was made each day.

Heparin irrgation

In the heparin irrigating group, the prostheses
were dippened in 1:10,000IU heparin solution for 5
minutes before implantation and were irrigated with
this solution during implantation.

TDMAC-Heparin Coating

The six TDMAC-heparin grafts wers prepared by
immersion in a solution of 25mg/ml tridodecylmeth-
ylammonium chioride(TDMAC) in ethanol for 30 mi-
nute and air dried overnight. Grafts were washed in
distilled water and then immersed in a 10.0001U/ml
heparin solution and again air dried. Finally. grafts
were immersed in heparinized saline for at least 10
minutes prior to implantation.

Intravital Microscopy

Observation were made with a Zeiss ACM
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fluorescence microscope using a 75 watt Xenon arc
lamp. A Zeiss FT 520-560 excitation filter and LP
590 barrier filter was used. Image were recorded
with a Cohu 4410 silicon intensified target camera
and Toshiba DX-7 videocassette recorder and
viewed on a Panasonic WV-5410 video monitor.
Time accurate to 0.01 second was encoded on the
recorded image using a For-A VTG-33 videotimer.
The diameter of each vessel was measured using a
videocaliper(Microcirculation Research Institute,
Texas A & M University, College Station, TX).

Image Analysis

Videotapes were replayed on the videocassette
recorder. The number of microemboli passing a
reference point on the vessel was counted with
each one minute interval for 60 minutes. Fields con-
taining emboli were digitized(PCVision—+frame grab-
ber) and the sizes of the embolus were determined
using computerized planimetry with the image
analysis program JAVA(Jandel Scientific, CA).

RESULTS

In all implant groups, there was immediate return
of blood flow upon release of microvascular clamps.
Fluorescent emboli were observed moving with the
blood stream. The microemboli appeared to be
most clearly visible at the bifurcation of first
order(A;) to second arteriols(Ao)(Fig. 2). Typically,
large emboli were arriving at the distal wall of the
bifurcation. The number and size of the emboli situ-
ated proximal to the were measured. Most mic-
roemboli appeared within the first five minutes in all
groups, althougth some appeared as late as 20
minutes(Fig. 3).
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Fig. 2. The microemboli appeared to be most clearly visi-
ble at the bifurcation of first order to second arteriolcs in
the cremaster muscle

A : Bifurcating area B : microembolus in Bifurcation
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Fig. 3. Total number of thrombi per minute

An ANOVA(Analysis of Varience) was performed
with stastistic program the SAS, to analyze the sig-
nigicance of difference. The total number of mic-
roemboli observed per animal in the control group
was 9+ 136(mean=SE), with heparin irrigation 84+
24 and with TDMAC-heparin coating 22+47. The
mean area of each embolus was 1057187 u m? for
control, 940%37 u nv for heparin irrigated, and was
808168 u m? for TDMAC-heparin coated grafts. The
total embolus area observed per animal was
137,600 1 m? in the control group, 79,040 B m? in the
heparin irrigated group and 17,498 u m? in the
TDMAC-heparin group(Fig- 4).
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Fig. 4. Total area of thrombi per rat

DISCUSSION

The high occlusion rate of small diameter pros-
thetic grafts limits their usefulness. Excluding surgic-
al techniques, the main reason for occlusion of mic-
rovascular prosthesis is graft-induced thrombosis a-
nd microemboli(Berger and Salzman, 1974 ; Callow,
1982a, b ; Tangelder et al., 1982). This phe-
nomenon is related to graft-induced platelet con-
sumption and the release of platelet-specific pro-
teins after the placement of synthetic grafts(Hanson
et al., 1985).

Multiple experimental trials have been performed
to reduce the thrombogenicity of grafts. Various
agents have been tried including aspirin(Allen et al.,
1984), aspirin plus dipyridamole(Oblath et al.,
1978 ; Hancock et al., 1980), heparin(Barry et al.,
1981), ibuprofen(Kaye et al, 1984 ;Claus et al,
1982). and prostacyclin(Callow, 19823, b). Endothe-
lial cell growth factor(Herring et al., 1979 ; Schmidt
et al., 1985) and changing of the physical prop-
erties of the graft material(Seeger and Kligman,
1988 ; Madras et al., 1980 ; Demas et al., 1988)
have not as yet shown consistent and clinically reli-
able results.

A heparinized solution is often used to irrigate
blood from the vessel lumen in many microvascular
surgical procedures.

The present study suggests that intraluminal
heparin irrigation may reduce the adherence of
platelets and the formation of surface thrombi on a
microvascular grafts. However, the technique of
bonding TDMAC-heparin on the intraluminal surface
of the graft(Talgelder et al., 1982) appears to be
significantly better than heparin irrigation.
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The cremaster muscle has a history of use for
studies of the microcirculation(Acland et al.,
1989 ; Anderson et al, 1988 ;Baez, 1973 ; Grant,
1966). The vascular supply which includes the small
arteries that lie between the cremaster and the aorta
were clarified(Meininger et al., 1987). The cremaster
muscle is supplied mostly by the pubic-epigastric
artery and occasionally by the superior pudendal
artery. These arteries arise behind the inguinal liga-
ment from the external iliac artery and run within the
abdominal muscle parallel to the inguinal ligament.
Usually they give off several branches in the
perineal area before dividing into their terminal bran-
ches, the external spermatic arteries.

The isolated muscle technique described by Ac-
land et al. allows continuous monitoring of microcir-
culatory blood flow of the cremaster muscle by
intravital microscopy after implanting a 4mm long X
1mm diameter Gore-tex ePTFE interpositional graft
into the iliac artery. The thrombogenicity of ePTFE
grafts can be readily quantified using this model.

One noteworthy finding in this study was the
appearance time of microemboli. In most cases a
shower of microemboli appeared 60 to 90 seconds
after release of the microvascular clamp and
ceased within 6 minutes. In a very few cases, the
thrombi were still apparent as late as 20 minutes.

Histologic studies showed the patency of all
grafts. This was expected since the length of the
implants was relatively short(4mm) and the duration
of the study was very short. Other studies with
longer graft length and duration have demonstrated
uniformly low patency rates of untreated ePTFE(Es-
quivel and Blasdell, 1986).

Microvascular prostheses generate platelet
aggregatates which diturb the microcirculatory
downstream flow. The amount of the aggregates
can be quantified using intravital microscopy of the
cremaster muscle. Heparin irrigation and TDMAC-
heparin coaption appear to reduce the number,
size, and total amount of microemboli generated by
the ePTFE. The apparent thrombo-resistant property
of TDMAC-heparin coating may have widespread
application in many clinical and research areas.
Other modifications of ePTFE thrombogenicity may
be easily evaluated by this model.
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