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~" The technique of laser-assisted anastomosis for high-flow bypass surgery using the excimer laser is described 
in 15 rabbits and in one patient. The left common carotid artery of the rabbits was excised and, with two 
anastomoses, connected to the right common carotid artery. An end-to-side anastomosis technique was used 
that obviated the temporary occlusion of the recipient artery. The end of the donor artery was connected for 
its full circumference with the exterior of the recipient artery and, with the aid of an excimer laser catheter 
(introduced via an artificial side branch of the donor artery), the wall of the recipient artery was evaporated. 
In two animals only, occlusion of the anastomosis sites occurred. In the remaining 13 animals both anastomosis 
sites were proven to be patent by inspection at different times, followed by scanning electron microscopy in 
six animals. 

In a patient with hypoperfusion of the brain caused by bilateral internal carotid artery occlusion, revascu- 
lafization of the right hemisphere was obtained by placing a shunt between the proximal superficial temporal 
artery and the intracranial portion of the internal carotid artery, using a free transplant of the fight inferior 
epigastric artery. The anastomosis with the internal carotid artery was created using the excimer laser-assisted 
technique without occlusion of the recipient artery. 
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I 
N a recent article, we described the use of the neo- 

dymium:yttrium-aluminum-garnet (Nd:YAG) la- 
ser for the creation of an end-to-side anastomosis 

between blood vessels. 3 The advantage of this type of 
anastomosis is the nonexistent or ultrashort occlusion 
time (< 2 minutes) of the recipient artery. A weak point 
of the technique is the rather risky maneuver of peeling 
the adventitial layer and part of the medial layer from 
the wall of  the recipient artery. Without this maneuver, 
the laser energy necessary for the creation of  the anas- 
tomosis was too high, adding the risk of thermal effects 
in the adjoining portions of  the donor artery and the 
recipient artery. 

In an addendum to that article, we alluded to the use 
of the excimer laser.* The excimer laser vaporizes tissue 
layer by layer (the thickness of each layer is approxi- 
mately 0.01 ram) without a noticeable thermal effecl in 
the deeper layers or in the area immediately surround- 
ing the tissue. The experimental results in 15 rabbits 
and in one patient are described. 

* Excimer laser manufactured by Technolas, Munich, Ger- 
many. 

Materials and Methods 

Technique of  Laser-Assisted Anastomosis 

The technique of  the laser-assisted anastomosis is 
essentially the same as that described in a previous 
article 3 except that the excimer laser was used instead 
of  an Nd:YAG laser and neither the adventitial layer 
nor the medial layer needs to be removed at the anas- 
tomosis site. The technique is summarized in Fig. 1. 
Briefly, the end of the donor vessel is connected with 
approximately 12 9-0 or 10-0 interrupted sutures for 
its full circumference with the exterior of  the recipient 
artery. An artificial side branch (a piece of  vein with a 
diameter of about 3 ram) is made about 2 cm proximal 
to the anastomosis site in the donor artery, utilizing a 
conventional end-to-side technique. The tip of the ex- 
cimer laser (diameter 2.2 mm), consisting of  a bundle 
of 140 fibers with a diameter of  100 #m (Fig. 2), is 
introduced via the artificial side branch and advanced 
until the tip touches and slightly impresses the wall of 
the recipient artery. The tip of the excimer laser pene- 
trates the wall of the recipient artery in 1 to 2 seconds 
by delivering 20 to 40 laser pulses of 120 nsec with an 
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FIG. 1. Drawing depicting the different steps of the exci- 
mer laser-assisted anastomosis: see text for description of the 
procedure. 

FIc. 2. Tip of the excimer laser catheter (diameter 2.2 
ram) consisting of a bundle of 140 fibers with a diameter of 
100 um. 

energy of 25 to 30 mJ at 20 Hz. When the tip of the 
laser catheter enters the lumen of the recipient artery, 
the surgeon stops pressing the foot-switch and with- 
draws the catheter. The side branch is immediately 
occluded with a hemoclip, which should be applied as 
proximally as possible on the side branch to prevent 
thrombus formation in a residual lumen. 

This technique was tested in animal experiments 
using rabbits, then applied in a clinical case. This ex- 
perience is described below. 

Animal Experiments 

In 15 Flemish Giant rabbits, the left and fight com- 
mon carotid arteries were anastomosed as described 
above. A 2.5-cm portion of the left carotid artery was 
removed and connected by way of two anastomoses to 
the right carotid artery. Both anastomoses were created 
with the assistance of the excimer laser. In two rather 
small animals, where the tip of the laser catheter was 
slightly larger than the diameter of the carotid artery 
(2.2 vs. 2.0 mm), occlusion of the anastomosis site 
occurred. In both animals the occlusion was probably 
caused by a lesion of the intimal layer of the donor 
artery mechanically induced during introduction of the 
laser catheter. 
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In the 13 remaining animals widely patent anasto- 
moses were observed. The anastomosis site was in- 
spected at times ranging from 4 hours to 2 months after 
the procedure. In six animals a scanning electron mi- 
croscopic study of the anastomosis site was performed 
and in all six the anastomosis proved to be widely 
patent with no thrombus formation at the edge of the 
anastomosis. Scanning electron microscopic examina- 
tion in the acute stage showed an extremely sharp 
cutting surface of the hole in the recipient artery. No 
thermal effect was noticed in the different layers (Fig. 
3). After 6 weeks, the edge of the anastomosis site was 
nicely endothelialized (Fig. 4). 

Case Report 

This 60-year-old woman with bilateral occlusion of 
the internal carotid artery and recurring ischemic epi- 
sodes in both hemispheres underwent cerebral blood 
flow examination which showed a marked hypoperfu- 
sion of both cerebral hemispheres. Doppler ultrasound 
examination showed reversal of flow direction in both 
ophthalmic arteries. 

Operation. A revasculafization of the right hemi- 
sphere of the brain was performed. The fight inferior 
epigastric artery (diameter 2.5 to 3.0 ram, length 20 
cm) was interposed between the proximal portion of 
the superficial temporal artery (diameter 1.8 ram, util- 
izing a conventional end-to-side anastomosis tech- 
nique) and the intracranial portion of the right internal 
carotid artery (using the excimer laser-assisted tech- 
nique described above). The procedure is illustrated in 
Fig. 5. The anastomosis with the internal carotid artery 
was completed without occlusion of that artery. 

Postoperative Course. The patient was neurologi- 
cally intact postoperatively and a rather loud bruit was 
clearly audible during every heartbeat when the steth- 
oscope was placed in front of and just above the fight 
ear. Angiography obtained 5 days after the operation 
(Fig. 6) showed the bypass fully patent and supplying 
the right middle cerebral artery and anterior cerebral 
artery territories. 

Discussion 

Hemodynamic Considerations 
On theoretical grounds, it is probably advantageous 

when performing extracranial-intracranial bypass sur- 
gery to create a so-called "high-flow bypass," that is, a 
bypass consisting of a donor and a recipient artery with 
a rather large diameter (at least 2 mm). Furthermore, 
there are reasons to believe that a more proximal loca- 
tion for the intracranial anastomosis is hemodynami- 
cally advantageous. ~ Both of these possible advantages 
point to the intracranial portion of the internal carotid 
artery as the ideal recipient artery. 

However, when there is complete stenosis of the 
internal carotid artery in the neck, temporary occlusion 
of the intracranial portion of the internal carotid artery 
distal to the ophthalmic artery and posterior commu- 
nicating artery is not without risk of brain ischemia. 
An end-to-end anastomosis with the intracranial por- 

478 J. Neurosurg. / Volume 78/March, i993 



Excimer laser for high-flow bypass surgery 

FI(;. 3. Scanning electron micrographs of the anastomosis site in the acute stage. 

Ffc. 4. Scanning electron micrographs of the anastomosis site 6 weeks after the procedure. 

tion of the internal carotid artery proximal to the 
ophthalmic artery, using a saphenous vein bypass graft 
in the case of a giant aneurysm of the internal carotid 
artery 2 is probably ideal from a hemodynamic stand- 
point. However, temporary occlusion of the internal 
carotid artery is necessary and exposure of the intra- 
cavernous portion of this artery is a major surgical pro- 
cedure. 

Anastomosis Technique 

With the technique utilizing the excimer laser, as 
described in this article, anastomosis with the intracra- 
nial portion of the internal carotid artery can be per- 
formed without occlusion of the recipient artery. The 
excimer laser is a xenon-chloride gas-based laser with a 
wavelength of 308 nm (ultraviolet light). The laser 
energy is delivered in 120-nsec pulses at 20 or 40 Hz. 
At our request, a special catheter was made with a 
diameter of 2.2 mm, consisting of a bundle of 140 
fibers with a diameter of 100 tzm. The fibers protrude 
a distance of 2 m m  out of the wall of the catheter and 
are firmly glued together, making the tip perfectly cylin- 
drical (Fig. 2). 

The catheter tip penetrates the wall of  the artery in 
approximately 1 to 2 seconds (depending on the thick- 

FIG. 5. Schematic drawing showing the free transplant of 
the inferior epigastric artery interposed between the superficial 
temporal artery and the intracranial portion of the internal 
carotid artery. 
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Fl~;. 6. Oblique angiograms of the right common carotid artery showing the bypass in situ. 

ness of the wall) with a nice surgical feel. As was shown 
in our scanning electron microscopic examinations, the 
excimer laser tip has the same effect as an ultrafine 
knife. No thermal effect in the three arterial wall layers 
that form the edge of the hole can be seen (Fig. 3). The 
donor and recipient arteries are stitched together in 
such a way that the diameter of the anastomosis site is 
approximately 3 mm. The hole created by the excimer 
laser is the same diameter as the laser tip itself: 2.2 mm. 
Therefore, at the anastomosis site, a ring of the recipient 
artery wall remains with a height of about 0.4 mm. In 
our experiments, no thrombosis of the anastomosis site 
occurred and, by 1'2 weeks after the procedure, endothe- 
lialization of the edge of the anastomosis had begun. 
The endothelialization was complete by approximately 
4 weeks (Fig. 4). 

In the patient presented in this paper we performed 
for the first time an excimer laser-assisted end-to-side 
anastomosis between a donor artery and the intracranial 
portion of the internal carotid artery. The donor artery 
consisted of a 20-cm long free transplant of the inferior 
epigastric arteryfl which was connected with the proxi- 
mal portion of the superficial temporal artery by way 
of a conventional end-to-side anastomosis. Initially, we 
intended to occlude the internal carotid artery, at the 
moment of laser penetration of the wall to prevent 
possible debris from entering the circulation and to be 
able to flush the anastomosis site by way of the artificial 
side branch. A maximum occlusion time of 2 minutes 
is sufficient for these maneuvers. 3 However, recent ob- 
servations in our laboratory showed that the debris 
caused by vaporization of the wall of the recipient artery 

consists of minuscule particles that will pass through 
the microcirculation of the brain freely because of their 
size. In the patient described in this paper and in a 
more recently treated patient in whom the same type 
of anastomosis was performed, no neurological symp- 
toms developed in the ipsilateral cerebral hemisphere. 
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