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BACKGROUND 
To make high-flow revascularization of the brain possible, 
we developed an anastomosis technique that obviates 
temporary occlusion of the recipient artery. After con- 
necting donor and recipient vessels, an Excimer laser 
catheter, introduced by way of an artificial side branch, 
creates a hole at the anastomosis site. Because of the 
inconsistency of the diameter of the hole produced by 
the closed laser tip, we developed an extensive modifica- 
tion of the procedure. 
METHODS 
A new type of laser tip was developed, consisting of two 
layers of 60 p laser fibers in a circular configuration with 
a diameter of 2.2 mm. The laser tip is fixed to the vessel 
wall at the anastomosis site by suction with a high- 
vacuum suction device, and a round piece of recipient 
vessel wall inside the anastomosis is cut out. 
RESULTS 
Using the aorta as the recipient vessel in 30 rabbits, the 
modified technique was developed and, in the end, pro- 
duced anastomoses with a high patency rate. 

In 25 patients, high-flow bypasses for different indica- 
tions were made using a venous transplant interposed 
between the external carotid artery or one of its branches 
and the intracranial internal carotid artery, utilizing the 
modified Excimer laser technique for the intracranial 
anastomosis. 

Complications related to the new anastomosis tech- 
nique were minimal, and a satisfactory patency rate was 
obtained. 
CONCLUSIONS 
The modified Excimer laser-assisted anastomosis tech- 
nique makes high-flow revascularization of the brain a 
safe procedure, since temporary occlusion of the recipi- 
ent proximal brain artery during the making of the anas- 
tomosis is obviated. 0 1996 by Elsevier Science Inc. 
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R ecently we described the technical details and 
the experimental and first clinical results of a 

new type of high-flow bypass operation of the brain 
[41* 

In this procedure, a venous or arterial vessel 
transplant is interposed between the external ca- 
rotid artery or one of its branches and the intracra- 
nial portion of the internal carotid artery (ICA). The 
anastomosis with the ICA is made without occlud- 
ing it, with the aid of the Excimer laser (Medolas 
GmbH, Grafelfing, Germany). The Excimer laser has 
a tip without a lumen consisting of 150 laser fibers, 
each with a diameter of 60 CL. 

We performed the procedure in 10 patients with 
no major complications [3]. 

In recent experiments in rabbits, where the ab- 
dominal aorta of the rabbit was used as the recipi- 
ent artery, we noticed that in some cases the hole in 
the wall was smaller than the circumference of the 
laser tip that made it, and in those cases the hole 
had an irregular lining. 

The likely explanation for this observation can be 
postulated by considering the way in which the 
laser tip operates. The closed laser tip starts to 
make the hole in the recipient artery wall centrally 
and then vaporizes the tissue in a centripetal way. 
Since some pressure is exerted on the laser tip to 
keep it in contact with the wall of the recipient 
artery, the tip can penetrate the wall through the 
small central opening before the more peripheral 
portion of the wall is vaporized. This is most likely 
to occur if the recipient artery wall is thick, In order 
to consistently create a smooth regular hole in the 
recipient artery with exactly the same diameter as 
the laser tip, we developed a new type of laser tip 
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Drawing depicts the differ- 
ent steps of the original Ex- 

timer laser-assisted anastomo 
sis. (See text under “Technique” 
for description of the proce 
dure.) 

and introduced a modification in the anastomosis 
technique in 25 experiments in rabbits. 

After highly consistent results had been achieved 
using the fully developed modified technique in rab- 
bits, we started to use this technique in patients 
where a high-flow bypass of the brain was indi- 
cated. The technique, as developed in 25 experi- 
ments in rabbits and as used in 25 patients over the 
last 2 years, is described below. 

TECHNIQUE 
The essentials of the anastomosis technique are the 
same as previously described [4] (Figure 1). In sum- 
mary, the donor vessel is connected with the exte- 
rior of the recipient artery and the Excimer laser 
catheter is introduced via an artificial side branch 
of the donor vessel. The laser is then activated, 
making a hole in the recipient artery inside the 
anastomosis. 

The modified technique differs from that origi- 
nally described in the following points: 

1. A thin platinum ring with an inner diameter of 2.8 
mm is mounted at the recipient end of the donor 
vessel as illustrated in Figure 2 a and b. A 3-mm 
lengthwise cut is made in the wall of the donor 
vessel with a microknife. 
-The platinum ring is slid over the end of the 
donor vessel and fixed with a 9.0 or 8.0 suture to 
the end of the incision in the wall. 
-The wall of the donor vessel, distal to the ring, 
is everted around the ring and fixed to it with 
eight 9.0 or 8.0 sutures. 

The end of the donor vessel is now connected to 
the exterior of the recipient artery using eight 8.0 
Prolene sutures, which pass through the adven- 
titia and media of the recipient artery and 
through the wall of the donor vessel around the 
platinum ring (Figure 2 c and d). 
The modified Excimer laser catheter is shown in 
Figure 3 a-b and consists of a ring of fine (60 pm) 
laser fibers, two layers thick, mounted around a 
thin tubing. The other features of this catheter 
are: 
-At a distance of 0.4 mm from the tip, a metal 
grid with 218 perforations is mounted in the 
tubing (Figure 2 d-g and Figure 3 a-b). 
-1.5 mm from the tip on the outside of the laser 
catheter, a rim is made with an external diameter 
of 3.0 mm (Figure 2 d-g). 
-The catheter is connected to the Excimer laser 
unit and the tubing, which leaves the catheter 
10 cm from the coupling site, is connected to 
a high-vacuum suction pump (membrane vac- 
uum pump DIVAC 2.4 L, Leybold AC, Hanau, 
Germany). 

4. The laser catheter is introduced via the artificial 
side branch until the tip touches the wall of the 
recipient artery. 
-The high-vacuum suction device is now acti- 
vated for at least 2 minutes. The portion of the 
wall of the recipient artery that is to be removed 
becomes firmly fixed to the metal grid in the tip 
of the catheter (Figure 2 e). 

5. The Excimer laser is now activated for 5 seconds, 
frequency 40 Hz, 20 millijoule per pulse. The tip 
penetrates the lumen of the recipient artery up 
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q (a-g) The modified Exci- 
mer laser-assisted anaste 

mosis technique. (See text un- 
der “Technique” for description.) 

to the point at which the rim on the outside of 
the catheter touches the platinum ring at the 
anastomosis site (Figure 2 f). 

6. The laser catheter is now withdrawn and re- 
moved (Figure 2 g). The artificial side branch is 
occluded with a hemoclip and the procedure is 
now completed. The portion of the recipient ar- 
tery wall that is punched out is removed from 
the laser catheter tip and inspected. 

METHODS 
ANIMAL EXPERIMENTS 
In 25 experiments in rabbits, the technique as de- 
scribed above was developed. The donor vessel, a 
piece of vein left over from cardiac bypass surgery, 
was connected with two Excimer laser-assisted 
anastomoses to the abdominal aorta. 

In the last 10 experiments, we succeeded in mak- 
ing smooth regular holes with exactly the same 
diameter as the tip of the laser catheter. The por- 
tion of the recipient vessel wall that was resected 
was safely fixed to the tip of the laser catheter and 
removed. 

CLINICAL EXPERIENCE (25 PATIENTS) 
In 20 patients, a bypass was constructed between 
the proximal superficial temporal artery and the 
intracranial portion of the internal carotid artery 

using a venous transplant. In 5 patients, the venous 
transplant was interposed between the proximal 
external carotid artery and the intracranial portion 
of the internal carotid artery. The anastomosis with 
the internal carotid artery was made using the Ex- 
timer laser-assisted technique without occlusion 
(Figures 4, 5). 

In 20 patients (6 X giant aneurysm of internal 
carotid artery, 2 X skull base meningioma, 12 X 
brain ischemia on a hemodynamic base), the laser- 
assisted anastomosis was technically successfully 
performed. A full-thickness circular portion of the 
wall of the intracranial internal carotid artery was 
obtained with the same diameter as the tip of the 
laser catheter. The anastomosis was patent, as was 
proven by direct observation and by Doppler exam- 
ination. No leakage of any significance at the anas- 
tomosis site was observed. 

In five patients, the attempt to make a high-flow 
laser-assisted bypass was unsuccessful. For two of 
these patients (probably because of an error in the 
design of the laser catheter in the beginning of this 
series), no hole in the wall of the intracranial inter- 
nal carotid artery could be made and, therefore, the 
distal end of the venous transplant was connected 
with a cortical branch of the middle cerebral artery, 
utilizing a conventional end-to-side anastomosis 
technique. In two other patients, the intracranial 
portion of the internal carotid artery had such an 
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El (a-b) Tip of the ring laser catheter, consisting of 175 
fibers with a diameter of 60 pm. The metal perfo- 

rated grid in the lumen of the catheter is visible. 

atherosclerotic appearance that we did not con- 
sider it to be a suitable recipient. In both patients, 
a conventional extracranial-intracranial bypass was 
made. In one patient, the wall of the intracranial 
internal carotid artery was so severely weakened by 
atherosclerosis that half an hour after the creation 
of the laser-assisted anastomosis, a spontaneous 
disruption of the anastomosis occurred. 

DISCUSSION 
The modifications of the Excimer laser anastomosis 
described above make the procedure of high-flow 

q 1 Schematic drawing shows the free transplant of the 
saphenous vein interposed between the superficial 

temporal artery or the external carotid artery and the 
intracranial portion of the internal carotid artery. 

bypass safer and easier to perform and also pro- 
duce a high patency rate. 

During our animal experiments, we used the 
aorta of the rabbit instead of the carotid artery as 
recipient artery, since the aorta of the rabbit has 
about the same diameter and wall thickness as the 
intracranial ICA in humans. We discovered that the 
closed Excimer laser tip sometimes produced irreg- 
ular holes of variable diameter. 

During our initial laboratory experiments with 
the newly developed ring laser catheter, we were 
not consistently able to remove the portion of the 
recipient artery wall. Many times this piece of wall 
stayed attached to the rest of the artery by two 
lateral tissue bridges. This was probably due to 
misalignment of the fibers, so that at these spots 
the laser fibers were not oriented perpendicular to 
the arterial wall and therefore did not penetrate the 
wall easily. 

The platinum ring, attached to the recipient end 
of the donor vessel, resolved that problem. Using 
this ring, the portion of the recipient arterial wall 
inside the anastomosis becomes completely flat 
and the ring laser tip penetrates the wall now per- 
pendicularly over its full circumference (Figure 2). 

Another advantage of the metal ring at the anas- 
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tome osis site is that the diameter and configuration smaller than the outer diameter of the rim on 
of tt re anastomosis is limited and therefore can be laser tip, it prevents the laser tip from further 
defir red by size and shape of the rigid metal ring. tering the lumen of the recipient artery after pt 
This metal ring also facilitates correct placement of tration of the wall (Figure 2). 
the 1 laser catheter tip. Yet another advantage of the It is, of course, of the utmost importance that 
met: 11 ring is that because its inner diameter is resected piece of vessel wall is removed and d 

Some examples of postoperative angiograms made 1-8 weeks after the creation of the high-flow extracral 
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not enter the circulation. For this purpose, we at- 
tached a high-vacuum suction pump to the end of 
the internal tubing of the laser catheter. When the 
laser tip touches the recipient artery wall, the vac- 
uum pump is activated, and the tip of the laser 
catheter becomes firmly attached to the vessel wall. 
Suction is applied to the arterial wall in the lumen of 
the catheter, and the arterial wall becomes firmly 
fixed to the perforated metal grid that is mounted in 
the lumen of the catheter, 0.4 mm from the tip 
(Figures 2 and 3). 

We constructed the grid in the laser tip because 
we discovered in our animal experiments that when 
a tip without such a grid is used, there is a risk that 
the piece of arterial wall, which is cut out with the 
laser catheter, may remain attached to the vessel 
wall at one or more points and cannot be removed. 
We hypothesize that this is due to blood entering 
the catheter as the laser tip starts to penetrate the 
recipient arterial wall. This blood then disrupts the 
contact between the laser catheter and the applied 
portion of the artery wall. 

Suction application of the catheter tip to the ves- 
sel wall prevents the tip from slipping away during 
the resection and ruining the anastomosis. When 
the vessel wall is completely perforated by the laser 
tip, the loose piece of vessel wall is so firmly fixed 
in the laser tip that the risk of embolization is remote. 

Another obvious advantage of the modified Exci- 
mer laser-assisted anastomosis technique is that it 
makes a blind method into a more open procedure 
as the cut-out portion of the recipient artery wall 
shows the size and configuration of the internal 
anastomosis. 

There is probably a good indication for the high- 
flow bypass procedure described above in patients 
in whom the internal carotid artery has to be oc- 
cluded for giant aneurysms of the internal carotid 
artery, and in patients in whom extensive skull-base 
surgery has to be performed [2]. 

There may also be an indication for this proce- 
dure in some patients with a hemodynamically 
caused brain ischemia, in whom the conventional 
low-flow extracranial-intracranial bypass has proved 
to be ineffective [ 11. 

We thank N.M. Turner, M.D., for his linguistic assistance, 
and Ms. @rid Jansen for the making of the drawings. 
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COMMENTARY 
This is an extremely innovative, simple, safe, fast, 
and effective means of performing bypass surgery. 
This is a procedure that can become universally 
accepted, and can eliminate many of the technical 
problems associated with that kind of surgery. The 
authors have done an excellent job of improving 
and modifying their technique, introduced 3 years 
ago. 
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