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The Thrombogenic Potential of Argon Ion Laser Endatterectomy’~2 
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AND MICHAEL W. BERNS, PH.D. 

Department of Surgery. VA Medical Center, Long Beach, California 90822; University ofCa&omia, Irvine, 
California 92717; and The Beckman Laser Institute and Medical Clinic, Irvine, California 92715 

Submitted for publication November 22, 1985 

The surface thrombogenicity of atheromas, conventional endarterectomy (CE), laser endarterec- 
tomy (LE), and laser angioplasty (LA) were compared in the rabbit arteriosclerosis model. Normal (N 
= 6) and arteriosclerotic (N = 15) rabbits underwent thoracoabdominal exploration. Multiple CEs and 
LEs were performed in 12 arteriosclerotic rabbits leaving a segment of intact atheroma between each 
endarterectomy. Multiple LAS were performed in three arteriosclerotic rabbits. Argon ion laser radia- 
tion was used for all laser procedures. Blood (0.05 ml) from normal rabbits was placed on the CE 
surface, LE surface, LA surface, atheroma, and normal intima and clotting times were determined. 
Surface thrombogenicity was calculated as the ratio of the clotting time of the CE, LE, LA, or atheroma 
to normal intima. Surface thrombogenicity was 1 .O + 0.03 for normal intima (control), 0.58 + 0.06 for 
atheromas (P < O.OOl), 0.46 + 0.08 for CE (P < 0.001 from atheromas), 0.46 + 0.08 for LE (P = NS 
from CE), and 0.27 f 0.09 for LA (P < 0.00 1 from CE and LE). The thrombogenicity of LE is the same 
as the thrombogenicity of CE. Both forms of endarterectomy are less thrombogenic than LA in the 
rabbit model. 0 1987 Academic press, Inc. 

Argon ion laser radiation of arterioscle- 
rotic plaques has been shown to leave car- 
bonized debris and thermal disruption of 
several cell layers beneath the luminal sur- 
face [ 1, 5, 9, 12, 131. Since atheromas and 
atheromatous debris (also known as athero- 
matous gruel), as well as disruption of the 
endothelial surface predispose to thrombosis 
[3, 161, the vascular surface following laser 
angioplasty of arteriosclerosis may be highly 
thrombogenic. We have attempted to mini- 
mize thermal injury to the arterial surface by 
performing open laser endarterectomy rather 
than closed laser angioplasty with the argon 
ion laser [4,5,6,7]. The initial results of laser 
endarterectomy are comparable, and in 
some ways superior, to conventional surgical 
endarterectomy [6]. Yet the influence of 
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laser radiation upon the atheroma-platelet 
interaction and the endothelial response to 
injury may cause the laser surface to be more 
thrombogenic than the surgical surface. This 
report evaluates the surface thrombogenicity 
[ 19,231 of argon ion laser endarterectomy in 
an experimental rabbit arteriosclerosis 
model. 

MATERIALS AND METHODS 

Normal and arteriosclerotic New Zealand 
white rabbits were used in this study. They 
received humane care in compliance with 
the Animal Care Committee of the Univer- 
sity of California, Irvine and the Guide fir 
the Care and Use of Laboratory Animals 
prepared by the National Academy of 
Sciences and published by the National Insti- 
tutes of Health (NIH publication No. 80-23, 
revised 1978). Under general anesthesia (im 
acepromazine 0.5 mg/kg, xylazine 30 mg/kg, 
ketamine 50 mg/kg), 15 rabbits underwent 
balloon catheter trauma to the thoracoab- 
dominal aorta. They were fed a 2% choles- 
terol diet for 20 weeks. This regimen pro- 
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duces significant arteriosclerosis in 86% of 
rabbits [4]. The disease is uniform through- 
out the traumatized aorta. Grossly the in- 
tima appears markedly thickened and disco- 
lored. Microscopically the atheromas are 
surrounded by a fibrous cap. They show in- 
flammation, fatty infiltration, and microcal- 
cification with extension into the superficial 
layers of the media [4]. 

Argon ion lasers (Coherent INNOVA 20 
or Spectra Physics Model 17 1) with mixed 
wavelengths 488 and 5 14.5 nm were used for 
laser procedures. Laser light was delivered 
through a 400 pm quartz fiber optic at a 
power of 1.0 W. Power was measured from 
the fiber optic output end (Coherent power 
meter, Model 2 10) at the beginning and con- 
clusion of each procedure and was contin- 
uously monitored from the laser head during 
laser operation. The ends of the fiber optic 
were freshly cut and polished for each exper- 
iment. The delivery of laser energy was con- 
trolled by the duration of exposure and this 
ranged from 1 .O to 30 set (1 .O to 30 J). The 
energy density was approximately 770 
W/cm2 and the spot diameters were approxi- 
mately 0.5 mm’. Six normal rabbits and 15 
arteriosclerotic rabbits were anesthetized 
(im acepromazine 0.5 mg/kg, xylazine 3.0 
mg/kg, ketamine 50 mg/kg), intubated, and 
ventilated with a small animal respirator. 
Additional ketamine (50 mg/kg iv) was ad- 
ministered during the procedure to maintain 
anesthesia. A thoracoabdominal exploration 
was performed. The aorta was isolated and 
major branches were controlled. No antico- 
agulants were administered. In the normal 
rabbits and in 12 arteriosclerotic rabbits, 
proximal and distal vascular control of the 
thoracoabdominal aorta was obtained and 
the aorta was opened longitudinally. Multi- 
ple conventional surgical endarterectomies 
and laser endarterectomies [4] were per- 
formed in each of the arteriosclerotic rabbits 
leaving a segment of intact atheroma be- 
tween each endarterectomy. Conventional 
endarterectomy was performed in the stan- 
dard fashion [20] using an endarterectomy 
dissector and vascular instruments. A cleav- 

age plane was developed just beneath the in- 
ternal elastic lamina to dissect the atheroma 
from the arterial wall and the end points 
were sharply divided. Laser endarterectomy 
was performed by using individual laser ex- 
posures ( 1 .O to 5.0 J) to create a line of laser 
craters at the proximal and distal ends of an 
atheroma. These lines of laser craters were 
connected by continuous wave laser light 
(multiple exposures of 10 to 20 J) to loosen 
the atheroma. The cleavage plane was dis- 
sected within the media by continuous wave 
laser radiation (multiple exposures of 10 to 
30 J). When the plaque was dissected free 
from the atheroma, the end points were 
welded by continuous wave laser radiation 
(10 to 20 J). 

In the remaining three arteriosclerotic rab- 
bits, vascular control of the common iliac 
arteries was obtained, an arteriotomy was 
made in the left common iliac artery, and a 
balloon catheter was inserted for proximal 
control. A 5 Fr. catheter was introduced and 
advanced proximally until an obstructing 
atheroma was encountered. The exact site of 
the lesion could be marked for future study 
because the rabbits were open. The quartz 
fiber optic was passed through the catheter 
and 1.0 set laser exposures were delivered 
until the plaques were ablated and the cath- 
eter could be advanced. Multiple laser an- 
gioplasties were performed in each rabbit. 
Upon completion of laser angioplasties, 
proximal vascular control was obtained, the 
fiber optic and the catheters were withdrawn 
and the aorta was opened longitudinally. 

Upon completion of the procedures (end- 
arterectomy or angioplasty), the aortas were 
rinsed with saline (37°C) to remove blood. 
Local humidification was provided to the 
open thorax and abdomen to prevent dessi- 
cation of the arterial surface. Blood was 
drawn from normal donor rabbits and 0.05 
ml of normal rabbit blood was applied im- 
mediately to normal intima (control), intact 
atheroma, conventional endarterectomy sur- 
face, laser endarterectomy surface and laser 
angioplasty surface. A fresh wood applicator 
stick was applied to the blood-surface inter- 
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face every 15 set and clotting times were de- 
termined as the time at which a reproducible 
strand of fibrin attached to the applicator 
stick and pulled away from the surface. Each 
applicator was used only once. Six donor 
rabbits were used. A total of 2.0 ml of blood 
was withdrawn from each donor rabbit so 
that progressive exsanguination and subse- 
quent changes in the coagulability of the 
donor rabbit blood did not occur. Prior to 
use as a donor, a 0.05 ml sample of blood was 
applied to a glass slide to assure that the 
donor blood had not been activated. None of 
the donors were found to be hypercoagulable 
by this method. There were 12 experiments 
performed on normal intima (control), 26 
experiments performed on atheromas, con- 
ventional endarterectomy surfaces, and laser 
endarterectomy surfaces, and 8 experiments 
on laser angioplasty surfaces. 

Following the determination of surface 
clotting time, the aortas were harvested from 
the rabbits and the rabbits were sacrificed 
(barbiturate injection). The aortas were ex- 
amined under a dissecting microscope. No 
perforations were seen. The laser endarterec- 
tomy and laser angioplasty sites were mea- 
sured to determine the surface area irra- 
diated. Energy fluence (J/cm*) was calcu- 
lated from the energy necessary to perform 
each laser procedure and the surface area of 
each laser procedure. Surface thrombogenic- 
ity was calculated as the ratio of the clotting 
time of the atheroma, conventional endar- 
terectomy, laser endarterectomy, or laser an- 
gioplasty surface to normal intima. The 
values of surface thrombogenicity were eval- 

uated by the P statistic for a single factor 
analysis of variance [21] and the Kruskal- 
Wallis test for equality of means [ 141. Differ- 
ences amounting to a value of P < 0.05 were 
considered significant. 

RESULTS 

The results are reported as the mean f SD 
for the rabbits in each group (Table 1). Ath- 
eromatous plaque was found to have a clot- 
ting time of 247 t- 35 set for a surface 
thrombogenicity of 0.58 + 0.06. This was 
highly significant (P < 0.001) from control 
clotting time, 425 f 51 sec. The clotting 
times of the conventional and laser endarter- 
ectomy surfaces were 193 +- 40 and 192 ?I 36 
set, respectively, for identical surface throm- 
bogenicity values of 0.46 + 0.08 (P < 0.001 
from atheroma). The laser angioplasty sur- 
face achieved a clotting time of 117 + 13 set 
for a surface thrombogenicity value of 0.27 
-t 0.03 (P < 0.001 from endarterectomy). 
The laser endarterectomy required an aver- 
age energy density of 112 f 12 J/cm* and the 
laser angioplasty required an average energy 
density of 92 f 30 J/cm*. 

DISCUSSION 

The purpose of intraluminal angioplasty is 
recanalization of a stenotic or occluded arte- 
riosclerotic artery. The procedure does not 
remove atheromas or reconstruct a diseased 
artery. Open laser endarterectomy is a re- 
constructive procedure for the removal of 
atheromatous plaques like a conventional 
surgical endarterectomy. Since arterioscle- 

TABLE 1 
SURFACE CLOTTING TIME AND THROMBOGENICIW 

Surface 
Number of Clotting time 

rabbits (W 
Surface 

thrombogenicity 

Normal intima 
Atheroma 
Conventional endarterectomy 
Laser endarterectomy 
Laser angioplasty 

’ All values are means + SD. 

6 425+-51 1 .o + 0.03 
12 247 + 35 0.58 f 0.06 
12 193 * 40 0.46 f 0.08 
12 192 f 36 0.46 f 0.08 
3 117+ 13 0.27 + 0.03 
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rotic plaques have a fibrous cap, the laser 
angioplasty procedure will remove the cap 
and leave an exposed atheroma. Lyford et al. 
[ 161 have homogenized atheromas to create 
atheromatous gruel and demonstrated that 
this atheromatous gruel is a highly thrombo- 
genie substance. When atheromatous gruel 
was injected into rats, thrombocytopenia, 
intravascular coagulation, and thromboem- 
bolic phenomena ensued. The exposed ath- 
eroma following intraluminal laser angio- 
plasty, therefore, may be highly thrombo- 
genie. 

Our data support this hypothesis. The laser 
angioplasty surface, denuded of its fibrous 
cap, had the fastest clotting time of the sur- 
faces studied and the surface thrombogenic- 
ity of laser angioplasty was significantly 
greater than the surface thrombogenicity of 
laser endarterectomy. The endarterectomy 
clotting times (laser versus conventional) 
were nearly identical. This is not unexpected 
because both procedures remove the ather- 
oma from beneath the internal elastic lam- 
ina. The surfaces were significantly more 
thrombogenic than normal intima or undis- 
turbed atheroma but this occurs because 
endarterectomy leaves exposed collagen 
fibers and eliminates the fibrinolytic system 
of the intact vascular endothelium [2, 10, 
111. In the present study, atheromas were 
also found to be thrombogenic. This is in 
agreement with previous studies that have 
shown that atheromas are preferential sites 
for platelet adhesion and thrombus forma- 
tion [17, 181. 

Grundfest and associates have questioned 
the quality of the argon ion laser angioplasty 
surface because of carbonization and cellular 
vacuolization [9]. They have proposed the 
excimer laser (308 nm) for laser angioplasty 
because the excimer laser angioplasty surface 
appears free of carbon and “blast” injury. 
Since it may be the exposed atheroma rather 
than the carbonization that is responsible for 
thrombosis following photoradiation, the ex- 
timer laser surface may be just as thrombo- 
genie as the argon ion laser surface. Certainly 
if the argon ion effects alone were responsible 

for increased thrombogenicity, the laser end- 
arterectomy surface should be more throm- 
bogenic than the conventional endarterec- 
tomy surface. Our data do not support this. 
The only other study of the thrombotic po- 
tential of a photoradiated arterial surface was 
performed by Van Stiegmann et al. [22]. 
They photoradiated segments of normal 
porcine carotid arteries with a Nd-YAG laser 
(1.06 pm) and implanted these segments in 
an aortic window. They reported a lack of 
thrombus formation in these segments, but 
they qualified their results by noting that the 
experiments were not analogous to laser ra- 
diation of arteriosclerotic arterial segments. 
They performed chronic experiments, how- 
ever, as opposed to our acute experiments. 
We could not perform chronic endarterec- 
tomy experiments in the arteriosclerotic rab- 
bits. By the time the lesions were advanced 
enough for study, the rabbits were too ill to 
routinely survive thoracoabdominal explora- 
tion. They had coronary artery disease as 
well as peripheral vascular disease. They also 
had fatty infiltration of the liver and approxi- 
mately 20% had lipid ascites. If chronic in- 
vestigations of thrombogenicity following 
laser treatment of arteriosclerosis are to be 
performed, a different animal model must be 
used. 

Thrombosis is one of the major complica- 
tions of intraluminal laser use [ 1, 8, 131. 
Ginsburg and co-workers have shown that 
thrombotic complications increase as the 
amount of argon ion laser energy delivered 
increases [8]. Of course, the patients with the 
most severe disease would probably require 
the highest levels of energy for recanaliza- 
tion, so their results may be a reflection of 
the severity of disease rather than increased 
thrombotic potential due to laser energy. In 
the present study, comparable energy fluence 
was used to perform both laser endarterec- 
tomy and laser angioplasty. Since laser light 
was delivered in perpendicular and tangen- 
tial directions for laser endarterectomy and 
in a coaxial direction for laser angioplasty, 
the laser endarterectomy surface probably 
received more direct laser energy than the 
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laser angioplasty surface. Hence, the greater 
thrombotic potential of laser angioplasty 
cannot be attributed to greater energy 
fluence. Livesay has recommended the lib- 
eral use of anticoagulants and antiplatelet 
medications following carbon dioxide laser 
(10.6 pm) radiation of coronary artery arte- 
riosclerosis [ 151. Lyford et al. showed that 
blood from patients receiving heparin re- 
tained its anticoagulant properties when ex- 
posed to atheromatous gruel whereas blood 
from patients receiving coumadin did not 
[ 161. He did not study the effect of antiplate- 
let medications on the coagulant response to 
atheromatous gruel, however. Since we have 
shown that laser-irradiated atheromas are 
highly thrombogenic, we agree with Live- 
say’s recommendation for anticoagulation 
following laser recanalization. 

The surface clotting time measures the 
thrombogenicity of a blood flow surface. Al- 
though it is a static measurement which does 
not reflect the fibrinolytic capability of high 
velocity blood flow or the coagulant effects of 
neointima formation, it does provide a reli- 
able measure of the relative thrombogenicity 
of arterial surfaces [ 19, 231. Various arterial 
prostheses have been evaluated by this tech- 
nique and subsequent clinical results have 
confirmed the experimental results. Based 
upon the surface thrombogenicity, we would 
expect better patency following laser endar- 
terectomy than laser angioplasty. Since it 
may be the exposed atheroma rather than the 
laser-atheroma interaction which is respon- 
sible for increased thrombogenic potential, 
the laser angioplasty surface may be highly 
thrombogenic no matter which laser is used. 
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