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Summary 
In vzvo and in vitro experiments described herein have demonstrated that the 

(:BH coating is antithrombogenic when placed on PVC, as tested in the blood 
system of rabbits for periods up to 2 weeks. In vitro clotting times cannot be 
correlated with the in vivo thrombogenicity of the same implants. For example, 
dog and man have very similar in vitro clotting times, but very dissimilar in vivo 
prosthetic thrombosis problems. In vCo and in vitro tests are for the most part 
not comparable in that they do not measure the same things. However, both 
in vivo and in vitro tests proved the GBH-treated vinyl to be antithrombogenic. 
It may be concluded from the available data that a flexible plastic can be treated 
with GBH and become antithrombogenic for a practicable period of time. 

Possibly the greatest problem in the replacement of natural body 
organs with prosthetic devices is the prevention of thrombosis. 
Work on a coating to prevent thrombogenicity was first done in the 
vascular system of dogs with polycarbonate, a rigid plastic, to deter- 
mine the efficacy of the treated plastic as a heart valve replacement 
material. This is now known as the GBH coating, iridicating that 
the main constituents are graphite, benxalkonium chloride, and 
heparin.'-s The coating, however, is not antithrombogenic under 
varying conditions for a sufficient period of time.6-9 

If the adequacy of the device is to be satisfactorily demonstrated, 
the test animal should ideally resemble man in respect to the param- 
eters under investigation. Since absolute parallelism may be 
unattainable, the testing situation should be more severe than the 
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applied huinm operational situation. Also, the variables should be 
iderit>ified aiid highly controlled. Although many investigators have 
contended that the GBH coating is not antithromb~genic,~-~ certain 
kinds of experii1ient:ttion tending t,o prove this point have introduced 
defeating variables. 

The procedures evolved in the present study are designed to bear 
upon this question. The specific objective has been to determine the 
aritithroinbogeiiic effects of the GBH coating on a flexible plastic 
introduced in the blood vessels of rabbits. 

Experimental Techniques 

One important characteristic of the present study is the use of a 
flexible plastic. The prosthesis used in a vascular system for replace- 
ment of a flexible part must itself be flexible.1° 

This 
animal has a statistically shorter clotting time than does man, and it 
has circulating mast cells of Ehrlich which may be producers of 
heparin. The variables introduced by mast cells are hard to deter- 
mine, but the small vessels and the shorter clotting time may make 
the experimental conditions more difficult than are the operational 
conditions in the human circulation. 

The material tested was a formulation of polyvinyl chloride 
(supplied by Baxter Laboratories, Morton Grove, Illinois) treated by 
the procedure of Whiff en and Gott with variations to current howl-  
edge and techniques.l1,l2 All materials were washed ten times in 
normal saline to reinove residual heparin. 

Three kinds of evaluation of the coating were performed on each 
animal subject. In the first (in vivo) evaluation, a segment of the 
treated polyvinyl chloride (PVC) was implanted in the vein of a 
rabbit anesthetized with sodium pentobarbital. The device was 
secured a t  the bifurcation of the external jugular vein to the anterior 
facial vein. 

The coated prosthesis was left in the vein for three different time 
periods-2 hr, 4 days arid 2 weeks- using six rabbits for each period. 
During the 2-hr studies the implant area was kept moist with isotonic 
saline, and it was inspected for visual changes such as color, distention, 
or edema. 

At the termination of each procedure the vein was ligated, first a t  

Another characteristic of this study is the use of the rabbit. 
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the superior end and then a t  the inferior end, and immediately 
opened. The amount of thrombus formation was rated on an 
arbitrary scale of 1+, 2+, 3+, and 4+, in which I +  denoted minimal 
formation of thrombus and 4' denoted complete vessel occlusion. 
Directly thereafter the carotid artery was cannulated with polyethyl- 
ene tubing for blood withdrawal for additional evaluations. 

Uncoated controls were implanted in six rabbits until total occlusion 
was evident. These implants were sterilized in a solution of benzal- 
lioriium chloride and washed in isotonic saline. The control experi- 
ments were performed intermittently between the GBH tests to 
allow for any variations in procedure. 

The second technique of evaluation used a rotating loop into which 
the blood from the carotid cannula was immediately introduced. 
Lengths of tubing taken from the same batch as that from 1% hich the 
implants were taken, and coated as were the implants, were joined to 
form a loop, which was mounted or1 the rim of a bicycle wheel. 
Ten cc of blood previously placed in the loop flowed when the wheel 
was rotated. The loop was turned a t  a speed considered as optimal 
velocity. The optimal velocity, as determined by tests on rabbit 
blood, was that speed which did not cause hemolysis but allowed 
thrombus/thromboembolism to occur in the uncoated control. This 
speed was 50 ft/min. If clotting did occur in the experimental 
rabbits, it would indicate that the coating applied to the tube was not 
an tithrombogenic. 

In  the uncoated control studies with the loop, the time for the 
formation of a clot could be observed directly due to the transparency 
of the uncoated tubing. For the test animals the system was operated 
for 20 min, and the blood was poured into a beaker. E'resence of 
clots or absence of flow from the tubing constituted an antithrombo- 
genic failure. 

The third technique of evaluation involved a modification of the 
Lee-White tube-clotting time test. Three tubes were filled directly 
with the blood cannulated from the carotid artery and were allowed 
to stand in a waterbath a t  37°C for 2, 5, and 20 mirl, respectively. 
Variations in the procedure were then necessary since flow did not 
gravitationally occur in the overly small tubes, essentially because of 
capillary adhesion of the blood; at the end of the time period the 
tubes were laid flat and the blood was squeezed from them by rolling 
a beaker from the bottom to the top. The presence of a clot indicated 
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failure. 
unconted controls. 

The smie procedure was follon et-l with blood from the 

Results 

The data are suiiiiiisirieetl in Table I. Analysis of the control 
implants used in viuo showed that the uncoated plastic produced 
complete ocaclusion o f  the vciri in all six rabbits after 13-25 min. 

TABLE T A  
Thromhii, Foi rnlttiori with Time in a Flexible Polyv~iiyl Chloride 

Implant Coated with Graphite, Benxalkonium Chloride and Hepar in 
Iiiierted in the Veriou5 Hptem of Anesthetked Rabbits 

Time of KO. of Thrombus Thrombus 
observation cmei free attached 

(:Rl-l-coat ed imp1ant.c 
2 hr 6 5 1 ( l + ) L  
4 day5 6 6 0 
2 wli 6 6 0 

13-23 min ti 0 6 (All 4+) 
llncoated control- 

- __ 
Q 1 + mean5 minimal thrombu< formation; 2+ slight; 4 + complete occlusion. 

TABLE IB 
Thrombus Formation in in Vitro Teits; 

n Rotating Loop; ( 2 )  Blood Introduced Into Small Test Tubes 
(1) Blood Introduced Into 

__ ~ __ 
( 1 )  Rotating-loop test 

Time of 
KO. of obiervatiori Clot-free Clotted 

GBEI-coated 
18 20 min 18 0 

Uncoated 
controlb 
6 2-9 min 0 6 

(2) Test tube test 

GBII-coated 
1s 20 min 18 0 

IJncoated 
controls 
6 2 min 0 6 
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Discoloration and distention of the blood vessel could be seen, arid 
the clot was visible upon section of the vessel. 

In the rotating loop test the tubing was occluded in the uncoated 
controls after 2-9 min, the mean being about 5 min, but the tubing 
was clot-free in all the coated samples after 20 min of observation. 
The test tube clotting time study on the controls showed thrombus 
forniatiori in all cases after 2 min, whereas there m-as no thrombus 
formation in any of the coated samples after 20 min. 

The experimental studies gave strong evidence that the GBH 
coating is antithrombogenic. One of the 2-hr in vivo studies, however, 
showed slight thrombus formation after 2 hr, but this subject did riot 
show any thrombogenic tendencies in the in vitro evaluations and there 
was no visual evidence for thrombus formation until the implant was 
removed from the vein. 

Discussion 
These results compare favorably with those of Whiffen and Gott in 

their work on the polycarbonate ring in dogs,l-5 but not with the 
observations of Wright et al.7--8 or Kramer et al.9 The variations in 
methods with the attendant introduction of variables could explain 
the discrepancies. 

I t  must be emphasized that the in vitro clotting times cannot be 
fully correlated with in vivo thrombogenicity of the same implants. 
In vivo and zh vitro tests are for the most part not comparable in that 
they do not measure the same things. 

Xumerous electrokinetic theories of blood-vascular wall interface 
phenomena as related to thrombus formation lay down conditions of 
laminar or near-laminar flow for most of the period of vessel patency.13 
Loss of the proper surface or zeta potential may cause the prosthetic 
device to become thrombogenic. Positive charges in the vascular 
wall can induce clots. The v-ettability of the surface of the prosthetic 
device and its resistivity to electrical conduction must also be consid- 
ered. The ability of the fragile platelets to pass over the surface 
unharmed involves the lubricity of the surface. I n  short, the material 
properties of the prosthetic device and the factors controlling anti- 
thrombogenicity are so complex that at this time they are not con- 
clusively definable. 

Prosthetic devices should closely simulate the areas or organs they 
replace, arid flexibility is an important requirement. Flexible mate- 
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rials could have great potentialities. Implants meet one of the 
severest tests of suitability in the vascular system, and if they 
succeeded therein their chances of success irl other areas would be 
considerable, although one can never extrapolate a priori  about the 
functioning in a different system. 

The coated flexible implant has applicability in the circulatory 
system for such items as external arterio-venous shunts to gain 
ready access to the vessels within, for replacement of valves, anasto- 
moses, vascular replacement of injured tissue, arid even for a total 
artificial heart. Some extravascular uses may be in tracheal or 
bronchial substitution prostheses, artificial ducts or fistulas for 
various secretory or excretory systems, and mesentery prost’heses 
for reconstructive surgery. Examples of uses in the external en- 
vironment are in perfusion chambers for maintenance of organs 
during transplant surgery and in blood filtcrs. Oxygenat’iori syst’eiiis 
in cardiopulmonary bypasses are already utilizing the GBH coating. 
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