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ABSTRACT

ELANA, excimer laser-assisted nonocclusive anastomosis, is a technique

using an excimer laser/ catheter system for intracranial bypass surgery of the brain.

The technique has been developed over the past 12 years by Tulleken and
colleagues at UMC Utrecht in The Netherlands for treatment of primarily
untreatable giant aneurysms. We review here the emergence of transplanted

conduit bypass as a valuable technique for managing these lesions and the
subsequent development of ELANA bypass. The ELANA technique allows the

operating surgeon to perform an extracranial-to-intracranial or intracranial-to-

intracranial bypass using a transplanted large caliber conduit without occlusion of

the recipient artery, thus eliminating intraoperative ischemic insult related to

temporary occlusion time. We describe the ELANA technique, illustrate it with

intraoperative photos, and review the relevant literature. ELANA is shown to be

safe; we discuss its advantages over conventional techniques.

KEYWORDS: Excimer laser-assisted nonocclusive bypass, extracranial-to-
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ELANA, excimer laser-assisted nonocclu-
sive anastomosis, is a technique using an excimer
laser/ catheter system that has been developed over
the past 12 years by Tulleken and colleagues in
UMC Utrecht. The technique and system have

been designed for the purpose of treating primarily
giant or untreatable aneurysms of the intracranial
circulation. The ELANA technique allows the
operating surgeon to perform an extracranial-to-
intracranial (EC-IC) or intracranial-to-intracranial

Skull Base, volume 15, number 3, 2005. Address for correspondence and reprint requests: David J. Langer, M.D., Department of Neurological
Surgery, Albert Einstein College of Medicine, 1000 10th Ave., New York, NY 10019. E-mail: dlanger@chpnet.org. lDepa_rtmcnt of
Neurosurgery, St. Luke’s-Roosevelt Hospital Medical Center, New York, New York; *Department of Neurological Surgery, Albert Einstein
College of Medicine, New York, New York; 3Depaurtment of Neurosurgery, Klinikum Mannheim, University of Heidelberg, Mannheim,
Germany. Copyright © 2005 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001, USA. Tel: +1(212) 584-4662.
DOI 10.1055/5-2005-872048. Published online July 29, 2005. 1531-5010,p;2005,15,03,191,205,ftx,en;sbs00455x.

191



192

SKULL BASE: AN INTERDISCIPLINARY APPROACH/VOLUME 15, NUMBER 3 2005

(IC-IC) bypass using a transplanted large caliber
conduit without occlusion of the recipient artery
eliminating intraoperative ischemic insult related to
temporary occlusion time.

Giant aneurysms of the cerebral circulation,
those over 25 mm in size, maintain a formidable
natural history. Whether ruptured or unruptured,
symptomatic or not, these aneurysms maintain
rupture, rebleed, and death rates from 20 to 70%
at 5 years in most series, ® indicating that treat-
ment should be attempted in most patients (inde-
pendent of age) who are in good medical and
neurological condition. These aneurysms emanate
from vital arteries in the brain that subserve sig-
nificant volumes of tissue making direct vessel
sacrifice high risk. Collateral cerebral circulation
often is robust enough to allow parent vessel sacri-
fice as a direct treatment for these lesions. This
technique has been well described in the literature
for treatment of many large aneurysms’ ' but is
now reserved only for those that cannot be treated
directly either through surgery or interventional
neuroradiological technique. Untreatable aneu-
rysms of the internal carotid artery can be treated
with parent vessel sacrifice ~80% of the time, due to
collateral flow to the affected region provided via
the Circle of Willis combined with increased flow
volume via the contralateral internal carotid.'*"?
Patients who fail have been shown to primarily
harbor hypoplastic or absent Al segments or ante-
rior communicating arteries.'* Internal carotid
artery sacrifice along with EC-IC bypass using a
superficial temporal to middle cerebral artery (STA-
MCA) procedure was subsequently developed to
treat these individuals."> ™8

EC-IC bypass was originally developed by
Yasargil and Yonekawa as a safe means of direct
cerebral revascularization.” The technique involved
attaching the superficial temporal artery (STA) to a
distal middle cerebral arterial (IMCA) branch vessel
and was primarily utilized as a cerebral blood flow
augmentative procedure in the treatment of patients
harboring middle cerebral ischemia. This method-
ology was called into question in 1985 by the EC-
IC Bypass Study which found the procedure to be of

no statistical benefit to patients. It was essentially
discontinued as a treatment for cerebral ischemia.*®
The procedure, however, continued to be used for
cerebral blood flow replacement as an adjunct to
parent vessel sacrifice in patients with aneurysms
and tumors who had poor collateral circulation. The
STA conduit and distal middle cerebral recipient
were both relatively small arteries and the volume
of replacement flow was limited. Significant stroke
complications have been noted in patients with
apparently intact bypasses®”*' due to inadequate
flow replacement. Strategies to improve flow re-
placement volume were developed.'®**?72¢ These
techniques involved increasing the size and there-
tore flow potential of both the donor and recipient
vessel. These modifications of the original EC-IC
technique also brought additional risks. The con-
duits were now vessels transplanted either from the
leg in the form of the saphenous vein or from the
forearm’s radial artery. The vein graft can be com-
plicated by kinking and thrombosis due to its
patulous nature and requires relatively high flows
to remain patent. Radial artery grafts have been
shown to develop vasospasm which has been over-
come in vivo by overdilation®®; however, maximal
flow through a radial artery is less than that of the
larger saphenous conduit and the risks of arterial
harvest to the hand and forearm are not insigni-
ficant.””*’ The recipient artery for these higher
flow grafts also must be of similar large diameter,
forcing the surgeon to graft into deeper more
proximal arteries in the vascular tree. This created
both new technical and physiological challenges
which did not exist in the more superficially per-
formed STA-MCA bypass. Grafting into these
more proximal arteries required exposure of middle
cerebral branch vessels within the Sylvian fissure
requiring modest brain retraction combined on
occasion with vein sacrifice, slightly increasing
operative risk as compared with the superficially
performed STA-MCA procedure. Use of intra-
operative heparin and preoperative and postopera-
tive aspirin to improve graft patency have increased
the risks of postoperative hemorrhage. Embolic
stroke risk is increased due to vessel manipulation.
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Perioperative aneurysm rupture, likely due to alter-
ations in intraluminal blood flow in the aneurysm
itself, has been reported.>**!

STA-MCA bypass requires temporary occlu-
sion of superficial, small distal middle cerebral
branches with little risk of intraoperative ischemic
injury. Higher-flow bypasses, however, require tem-
porary occlusion of the larger M2 or M3 branches,
decreasing the safe time of temporary occlusion and
increasing the risk of intraoperative ischemia as well
as the anxiety of the operating surgeon. Grafting
into more proximal arteries such as the parent MCA
or ICA, which could provide even greater possible
replacement flow, was of even greater technical
difficulty due to the depth of the anastomosis and
even higher risk of ischemia.

High-flow replacement EC-IC bypass has
been performed in specialized centers for many
years.>?>% The reported risk of performing these
bypasses is significant, with perioperative morbidity
and mortality ranging ~7 to 15%.%°*% While safer
than the natural history of the lesions themselves,
these risks remain high and argue for a careful
consideration of alternative options in the face of
a giant or untreatable aneurysm. The definition of
“untreatable” itself is changing as interventional
neuroradiological devices improve and make the
aneurysm that was untreatable yesterday quite treat-
able today. These devices themselves, however, have
resulted in new treatment challenges with aneu-
rysms reopening or bleeding following interven-
tional therapy, resulting in intravascular hardware
within or in close proximity to the aneurysm fundus,
leaving them untreatable by direct surgery. Vessel
sacrifice alone following balloon-test occlusion
remains a favored method to this day, despite a
risk of delayed stroke of up to 10%."> Vessel
sacrifice, particularly in young patients, may have
additional long-term risks.>33 Unfortunately, the
reduction of risk of high-flow replacement bypass
utilizing the current technique is difficult. Attempts
at reduction of perioperative risks have been made
by eliminating the use of heparin and utilizing
barbiturate cerebral protection. However, the in-
herent risk of transplanting an autologous vessel to

the brain has not been overcome. One factor which
has been directly addressed has been temporary
occlusion time and it is here that the ELANA
technique has been focused.

ELANA allows the construction of EC-IC
bypass grafts utilizing saphenous vein or radial
artery without requiring any temporary occlusion
of the recipient. This allows the construction of
deep anastomoses of extracranial to intracranial
circulation without risk of intraoperative ischemic
insult. Grafting to the large proximal arteries im-
proves maximal graft flow and creates a graft which
provides a more proximal point of origin of flow,
mimicking innate cerebral flow more closely, which
may be importzmt.35 Postoperative magnetic reso-
nance (MR) blood flow studies have shown these
proximally placed grafts to maintain flows of 199
+/— 72 cc/min."* Conventional high-flow replace-
ment grafts have not been studied as such, leaving
the ELANA graft flow without a good source of
comparison.*® The concept of higher flows with
more proximally placed recipient arteries has been
studied with flows of 40 to 140 cc/min reported in
grafts to the M2, M3, and basilar arteries.?>36:37
Mathematical model studies also support this con-
cept and lend additional evidence to the likely
benefit of a high-flow proximally placed ELANA
bypass.>

ELANA does not directly impact the other
sources of risk that are unrelated to temporary
occlusion; however, these grafts are performed
without systemic heparin given the lack of flow
arrest and without barbiturate protection given the
lack of cerebral ischemia, eliminating the incremen-
tal risks that these factors contribute. Also, some-
what less exposure is required to perform an
ELANA bypass due to the fact that room on the
recipient artery for temporary clip application is not
required, leaving a shorter segment of vessel expo-
sure required to place the bypass graft. This has
important ramifications for not only local exposure
but for different, less invasive approaches to be con-
sidered through which conventional bypass techni-
ques could not be used. Most notable are the
demonstrations by Tulleken et al of trans-Sylvian
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Figure 1 Suturing of platinum ring to distal end of saphe-
nous vein graft.

approaches to the P1 segment for EC-P1 or IC-P1
bypass.*®*” Conventional techniques do not permit
safe grafting into the P1 or basilar without circu-
latory arrest and any high-flow direct posterior
circulation bypass requires a subtemporal approach.
Unlike a trans-Sylvian approach, this requires sig-
nificant brain retraction.

The ELANA technique has been well de-
scribed in the literature both in the early laboratory
animal phase as well as the more recent clinical
results and case reports.'***3¥* Patients selected
for ELANA have either failed balloon-occlusion
tests or demonstrate local anatomy by angiography
that makes carotid sacrifice high risk. The technique
involves the attachment of an anastomotic ring to a
recipient artery of at least 3 mm in diameter either
on its own or as part of the distal donor vessel
(Fig. 1). The ring and distal donor segment are
sewn to the recipient utilizing conventional micro-
neurosurgical technique (Fig. 2). Following the
suture attachment step of the donor to the recipient,
a laser suction catheter is passed down the lumen of
the open donor vessel from proximal to distal and is
placed against the sidewall of the recipient from
within the donor lumen itself (Figs. 3,4). The laser
suction catheter suction portion is then activated,
allowing the catheter to firmly affix the proposed
arteriotomy defining the portion of the recipient to
be removed. Following 2 minutes of active vacuum
pressure the laser portion of the catheter is acti-
vated. The laser broaches the recipient arterial wall
and separates the arteriotomy flap from the recipi-

ent, while the suction portion of the catheter
maintains this small flap in contact with the catheter
thus preventing its migration into the lumen of the
recipient. The catheter is removed from the donor
lumen with the small flap attached (Fig. 5). The
proximal donor lumen is then sewn end to end to
a second portion of donor vessel attached to the
extracranial donor artery. completing the bypass
step as the two
halves of the donor must be sewn end to end
(Figs. 6,7,8). The ELANA technique therefore is
really a subtle modification of the existing conven-
tional EC-IC high-flow bypass. The only real

differences involve how the recipient artery is

with an extra anastomosis

broached. In the conventional technique the artery
is temporarily occluded and opened using a micro-
scissors and knife, while in the ELANA technique
it is left unoccluded and is entered with laser light.
This subtle difference, however, has important
ramifications for the safety of the procedure.
What follows is a review of the literature of
the ELANA technique. The literature supports the
safety of the laser arteriotomy and both in animal
experiments and in human cases appears to be safe
and reliable. The treatment of giant and untreatable
aneurysms remains high risk. The ELANA techni-
que reduces the risk of bypass only incrementally by
eliminating intraoperative temporary occlusion but
certainly does not affect the other real risks of these
procedures. The addition of ELANA to the treat-
ment armamentarium of the operating surgeon will
give the neurosurgeon greater flexibility and treat-
ment options which will become complementary to
and not exclusionary to the current conventional

EC-IC bypass techniques.

LITERATURE REVIEW

The published literature on the ELANA technique
can be divided into three distinct phases which
partially overlap in time. All of the work in the
literature has been based in UMC Utrecht under
the guidance of Prof. C.A.F. Tulleken. The initial
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Figure 2

(A,B) Left frontal trans-Sylvian approach to supraclinoidal segment of left internal carotid artery (frontal retractor

in foreground). Suturing of saphenous graft/ring complex to recipient internal carotid artery.

laboratory phase of the work overlaps with the
initial case reports in humans and the case reports
continue to overlap with more recent series of
retrospective reviews of clinical results. Addition-
ally, unpublished data from the Utrecht experience
has also been reviewed.

CITATION REVIEW

Laboratory Studies

Using the excimer laser, Tulleken and colleagues**
essentially established the basic thinking regarding
the excimer laser nonocclusive anastomosis techni-
que. The laboratory experiment was well designed
and allowed the evaluation of two laser arterioto-
mies per rabbit. The nonocclusive technique was
first developed in this study and is quite similar to

Figure 3 Catheter tip is designed as shown. Note inner
suction portion surrounded by outer excimer laser array.

the technique used today. Fifteen rabbits underwent
excimer laser-assisted anastomoses of an explanted
portion of the left common carotid artery to the
right carotid with two anastomoses performed per
rabbit. Thirteen rabbits maintained patent grafts in
the follow-up period of 4 hours to 2 months
following surgery. Scanning electron microscopy
of patent grafts showed no evidence of thermal
injury to the recipient or donor vessel and showed
an extremely sharp cut edge in the recipient with full
endothelialization by 6 weeks after surgery. Labo-
ratory observations were also made with regard to
the theoretical concern of debris embolization from
the laser arteriotomy site. The debris was noted to
consist of miniscule particles that freely pass
through the microcirculation of the brain, over-
coming an early major technical concern. There
are no significant data or studies of these particles

Figure 4 Laser catheter is placed within graft and ad-
vanced to wall of recipient with application of suction
followed by laser activation.
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Figure 5 (A) Arteriotomy flap is left attached to suction portion of laser tip and (B) is removed.
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Figure 6 (A) Left external carotid donor vessel is shown after temporary occlusion with arteriotomy. (B) Proximal
anastomosis is made between donor artery and proximal graft using standard microanastomosis technique.

and they are referred to in the discussion only, and also report of a second patient successfully
unfortunately leaving the reader without the ability ~ treated as well.
to objectify the authors’ conclusions. Following Tulleken and associates*® published a second

good success in 13 of 15 rabbits, the authors report  laboratory study in 1996 that included an early
their experience with one patient with good results  in vivo human series as well. A new catheter design

Figure 7 Proximal and distal ends of graft are sewn end
to end completing bypass. Note proximal segment on left Figure 8 Temporary clips are released with bypass
with Sylvian portion on right. connected.
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was introduced for the first time and was nearly
identical to that which is currently being used. The
design alteration was driven by the observation that
the previous catheter caused irregular cuts in the
recipient that were not reliable. The authors hy-
pothesized as to the reason for these irregular cuts
and conceived of a new type of catheter tip that
consisted of a central suction portion with an outer
laser array that proved to more reliably excise an
arteriotomy flap from the recipient artery. The
platinum ring device was also introduced for the
first time. The ring helped to insure a completely
flush interface between the laser tip and the arterio-
tomy site, allowing the laser tip to broach the
arterial wall along its entire circumference. It also
allowed the surgeon to define the arteriotomy on
the recipient and acted as a barrier on the vessel
itself, providing a “dock” point for the catheter and
preventing it from entering deeply into the recipient
vessel lumen after the wall has been broached. Last,
by applying vacuum pressure through the suction
portion of the tip, the authors solved the difficulties
not only of getting a flush fit of the catheter against
the recipient but also of maintaining an elegant way
to prevent the arteriotomy flap from migrating into
the lumen of the recipient artery. The authors
modified the experimental system and utilized the
rabbit abdominal aorta for graft placement. The
rabbit aorta more closely mimics that of the human
internal carotid and provided a better substrate for
the laser tip to be tested.

This paper, titled “The Modified Excimer
Laser-Assisted High-Flow Bypass Operation,”*
represents a major advance in the technology and
is the true origin of the technique as it is today.
It is primarily a technical paper with cartoon
figures and very little actual data but adequately
describes the “modified” technique and shows some
early human results as well. This paper clearly had
the greatest impact on the future project and re-
mains the definitive reference for the ELANA
project.

Tulleken et al*’ published an extensive labo-
ratory study with a clinical case review of 40
patients. The first part focuses upon the laboratory

experience and consists of the results of 100 acute
and chronic experiments performed in rabbits. This
portion of the paper is essentially a review of the
laboratory experience up to that point, with little
new data with the exception that the results using
the new catheter are more clearly described. Thirty
of the 100 rabbits were operated using the newly
designed laser suction catheter. These were all acute
experiments and resulted in 28/30 arteriotomies
with excellent results. Early graft patency was
100% in these 28 animals at 4 to 5 hours prior to
euthanizing the rabbits. This paper, while some-
what redundant, does reflect the authors’ technical
progress and is important and highly valuable in
reflecting the safety of the new laser catheter in the
laboratory.

Wolfs and associates*® and Streefkerk et al*
involve study of the histological features of the
excimer laser-assisted anastomosis. The purpose of
the first study was to evaluate the endothelialization
process of the laser-assisted arteriotomy. Scanning
electron microscopy was used to carefully study the
appearance of the laser-assisted anastomosis site in
rabbits. Grafts were studied in both the acute stage
and in survival animals as well. The paper is well
illustrated with photographs and cartoons of the
anastomotic segments. The endothelialization of
the anastomosis and laser edge appears to begin
within 1 day of surgery and is complete at 9 days,
which is much earlier than the earlier study had
suggested. No control group for comparison (i.e.,
conventional grafts) is performed, leaving the reader
unable to conclude how these findings compare
with the conventional sutured anastomosis. These
questions are addressed in the last laboratory paper,
which was recently accepted for publication in the
Journal of Neurosurgery. Here, long term re-endo-
thelialization is compared between conventionally
sutured anastomoses and excimer laser-assisted
grafts in a pig model. Twenty-eight pigs underwent
bypass with one excimer laser and one conventional
anastomosis. Twenty-four bypasses remained pat-
ent during the study period, leaving 48 anastomosis
sites for evaluation. Excimer laser sites were placed
both proximal and distal on the bypasses to compare
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outflow and inflow zones. Bypass flows were
checked intraoperatively and intraoperative angio-
grams were checked. Animals were sacrificed and
evaluated at 2 weeks, 2 months, 3 months, and 6
months postop. Anastomotic segments were exam-
ined using scanning electron microscopy and light
microscopy. There did not appear to be any negative
ramifications of the ring at the anastomosis site as
compared with conventional bypass with complete
endothelialization of the rim and ring by 2 weeks.
There did appear to be some tissue thickening near
the rim of the anastomosis in the excimer group
which was not seen on the conventional end and
was not fully discussed. The authors discuss the
findings of Lidman et al who noted hyperplasia of
the recipient wall in end-to-side and end-to-end
arteriovenous (a-v) fistulae in a pig model, possibly
consistent with medial hyperplasia.”® While this is
a possible explanation, it is left somewhat unclear
what the authors’ conclusions are regarding the
different apparent findings between conventional
and excimer-assisted anastomosis, with the excep-
tion of the more irregular nature of the conventional
graft site. While there was no apparent difference in
patency or endothelialization, this must be studied
turther. The authors point out that the pig carotid
is thicker than the human intracranial internal
carotid, necessitating a higher number of laser
energy pulses to broach the pig vessel. No thermal
effects were noted due to these extra pulses on the
recipient.

Clinical Case Reports

Eight case reports or series of cases have been
published. The first case report is included in the
initial laboratory paper using the first-generation
laser catheter, with the most recent report published
in 2004, which is essentially an autopsy study of the
anastomosis.

Tulleken et al** published the first case re-
ports along with the first laboratory series of 15
rabbit surgeries. The patient harbored bilateral
carotid occlusions and had recurrent episodes of

hemispheric ischemia with blood flow studies show-
ing marked hypoperfusion. Right hemispheric re-
vascularization augmentation was planned using
excimer laser-assisted anastomosis. The conduit
was an epigastric artery connected proximally to
the STA and the bypass was shown to be patent
5 days postoperatively. No clinical outcome is re-
ported on the patient other than that she was intact
postoperatively. An angiogram showed a patent
bypass at 5 days after surgery.

In the next case series, the procedure is once
again outlined* and for the first time is mentioned
as a tool to revascularize patients with giant aneu-
rysms by creating high-flow bypasses to replace
carotid flow prior to deconstuctive carotid occlu-
sion. A short series of nine patients is presented.
This reference was written during the ELANA
technical improvement phase during the time that
the catheter was being modified. The authors report
improved success in rabbits with the modified laser
tip but do not mention in the article whether the
new or old tip was utilized in the nine patients
treated. Seven of these patients underwent laser-
assisted bypass using epigastric artery while two had
saphenous vein grafts. Unlike the clinical paper by
Tulleken et al,*® the authors review the clinical
results in a bit more detail. Four patients with giant
aneurysms were bypassed, one with a carotid cav-
ernous fistula and four with cerebral ischemia. In
the nonischemic cases, the clinical outcomes were
discussed but patency was not adequately studied as
none of these patients underwent postoperative
angiograms. Doppler exams, however, were per-
formed in three patients with apparent patent grafts
who underwent subsequent carotid sacrifice success-
fully with aneurysm thrombosis. The fourth aneur-
ysm patient had an occluded graft following
occlusion of the aneurysm with a good outcome
and so should be considered a treatment success
despite a failed bypass. The cavernous carotid fistula
patient did poorly and likely had an occluded graft.
Most important, however, was the apparent early
safety of the procedure with no reported ELANA-
related intraoperative complications. This series
does add relatively high value to the measure of
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ELANA safety in general without adding as much
information regarding its effectiveness versus con-
ventional bypass. The authors do point out appa-
rently improving patency rates noted in chronic
rabbit experiments, suggestive of improvements in
the catheter design.

A subsequent study by Tulleken and asso-
ciates*® combined laboratory data as outlined above
with a large group of patients treated with high-
flow bypass for various indications using saphenous
vein graft. Twenty patients had interposition grafts
between the superficial temporal artery and the
intracranial internal carotid, while five patients
underwent external carotid to intracranial internal
carotid bypass. Six patients were bypassed with
glant internal carotid aneurysms, two for skull
base meningioma and 12 due to hemodynamic
insufficiency; the bypass was performed with good
technical success. Five additional patients had failed
attempts at excimer-assisted bypass. Two of these
patients underwent attempts at laser activation with
failure to create an arteriotomy, resulting in con-
version to standard anastomosis to a cortical middle
cerebral branch. Two other patients maintained
significantly atherosclerotic intracranial internal
carotids and were not felt to be suitable for laser
arteriotomy, with conventional bypasses similarly
performed. One patient suffered a spontaneous
disruption of the anastomosis. No further informa-
tion regarding the follow-up is given and there is no
mention of outcome other than intraoperative
measurements to determine patency. The authors
conclude that the procedure is safe with “minimal
complications” and a “satisfactory patency rate” yet
report only a modest amount of substantive data to
support their conclusions and offer little substance
in regards to clinical outcome. One must infer that
this has much to do with this being the first real
attempt at documenting outcome and was pub-
lished during the period of rapid progress in the
development of the technique.

The largest case series, representing 40 pa-
tients, was published by Tulleken et al.*” Tt is
included in the paper along with laboratory results
as reviewed above. The authors report that the

procedure was well tolerated by the patients with a
high patency. Five complications were encountered.
One patient with severe atherosclerotic disease
suffered graft disconnection with serious neurolog-
ical injury that is not fully spelled out. Severe
atherosclerosis thus became an early contraindica-
tion to an ELANA bypass. No patient with a giant
aneurysm has had a similar outcome. A second
severely atherosclerotic patient had the procedure
aborted due to a sclerotic carotid wall soon after this
case, reflecting the author’s recognition of ELA-
NA’s limitations. Only 3 of the remaining 38
patients had arteriotomy flaps that were not recov-
ered, reflecting a significant improvement in the
effectiveness of the new catheter and ring concept.
The authors went so far as to say that in 2 of these
3 patients, catheter design was the cause of the
failure. Most significant is that good follow-up was
made on this group with no complications reported
and 92% patency at 4 weeks to 4 years postop. Seven
patients underwent intraoperative flow measure-
ments with carotid occlusion and flows of 120 to
190 cc/min were reported. This is the first report of
the flow obtained in “high-flow” venous conduit
bypass, confirming its value for high-flow require-
ment cases. This clinical case review is the most
extensive published to that point and significantly
advances our understanding of the pitfalls as well as
the strengths of the ELANA system. The results do
suffer once again from inconsistency in follow-up
and data acquisition, making it somewhat difficult
to make broad conclusions concerning long-term
effectiveness. This paper does, however, add sig-
nificant weight to performance data regarding the
system and allows the reader to conclude that the
ELANA system appears to be safe and low risk in
patients found suitable for laser-assisted anastomo-
sis. It carries significant weight in regards to safety
because it identifies a high-risk subgroup with data
supporting its apparent low risk in a well-defined
group of patients. This paper succeeds where the
previous paper had failed because it addresses
the risks directly and reports them in a clear way.
The paper also has much more data on long-term
outcome and clearly reflects the improvements in
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the system and its apparent long-term effectiveness
as well.

Tulleken and colleagues®® describe the crea-
tion of a novel EC-IC bypass between the external
carotid and the posterior cerebral artery through a
trans-Sylvian approach. The authors report that this
is the only such report in the literature which is
borne out on an independent literature search. This
case report highlights the uniqueness of the techni-
que in that it is the first to describe an ELANA
operation that has no equivalent conventionally.
The authors correctly point out the unique technical
challenge of grafting into the posterior cerebral
artery and delineate the advantages of the ELANA
technique. The posterior cerebral artery cannot
be temporarily occluded safely and the exposure
of enough vessel to allow for safe placement of
temporary clips is exceedingly difficult through a
trans-Sylvian approach. Short-term outcome is de-
scribed but no long-term outcome is mentioned.
This paper is the first to recognize the ELANA
technique as providing novel types of revasculariza-
tion conduits. The majority of ELANA procedures
provide a nonocclusive method of opening vessels
which otherwise mimics the conventional techni-
que—replacing a knife with a laser. The authors
point out how the ELANA technique allows grafts
to be placed where access for temporary occlusion is
impossible, leaving certain patients without a diver-
sity of options if only conventional methods are
available.

Graamans and Tulleken*! report treatment
of one patient with a skull base angiofibroma
involving the internal carotid artery requiring its
sacrifice for total resection. This report is essentially
a focused review of a single case of a bypass done in
anticipation of internal carotid sacrifice for treat-
ment of an aggressive nasopharyngeal tumor. The
patient outcome is reported as good with near-
complete tumor resection. No postoperative studies
were shown. Also, the discussion of indications for
bypass was not presented. There is no mention of
the patient having undergone a balloon-test occlu-
sion, but there is reference to the question of
whether carotid sacrifice is safe. This is the third

tumor case reported and represents the first full case
report of a bypass using the ELANA technique in
tumor surgery. Once again the technique is shown
to be safe and effective.

Tulleken and associates®” produced a second
report describing an application of the ELANA
technique which cannot be performed without a
nonocclusive system. The construction of a new
posterior communicating artery without hypother-
mic arrest had never been reported and cannot be
performed safely using current conventional meth-
ods. This is also the first to describe the use of
ELANA for an intra-intracranial (IC-IC) bypass
using saphenous vein—a truly novel concept.
Unlike conventional EC-IC bypass and the stand-
ard external carotid-to-internal carotid bypass em-
ployed in the majority of ELANA surgeries in
which the proximal anastomosis is made using
temporary occlusion, this case describes the use of
nonocclusive ELANA technique at the proximal
and distal ends of the anastomosis. The patient
described presented with vertebrobasilar ischemia
and had failed a prior lower-flow occipital artery-to-
posterior cerebellar artery bypass. He tolerated the
surgery well with measurement of intraoperative
flows suggestive of a patent bypass. Postoperative
angiography confirmed a patent bypass and the pa-
tient was described as having been in good con-
dition several months postop despite a hemispheric
transient ischemic attack (TIA) suffered during the
postop period. The etiology of the left hemispheric
TIA was not explained, but its origination from
the internal carotid proximal anastomosis cannot be
ruled out. This article represents an expansion upon
the indications for ELANA and describes the
ELANA group’s thinking regarding new applica-
tions and indications. Undoubtedly ELANA IC-IC
bypass is the on/y option for a very small subgroup of
bypass patients. These primarily include patients
with posterior circulation ischemia who require
higher-flow replacement bypasses and patients
with poor extracranial proximal graft sites, such as
previously operated or radiated patients. A second
group of patients can be treated with an IC-IC
bypass as an alternative to a conventional approach.
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The only real advantage of these bypasses over
conventional ones would be their shorter length,
more anatomic flow direction, and lack of a cervical
incision. Overall this paper is of high value in that it
identifies new indications for the ELANA system
while once again supporting its safety in a difficult
case.

Streefkerk et al*’ once again highlight the
creation of an IC-IC bypass, albeit with a distal
conventional anastomosis on the superior cerebellar
artery in a very complex vasculopathic patient with
a giant basilar aneurysm. The patient suffered a
large postoperative infarct in the left middle cerebral
distribution and died; however, his graft appeared to
be patent and the infarct not clearly related to the
graft procedure. The value of this paper is in the
study that followed. Using scanning electron micro-
scopy which had been used in earlier laboratory
experiments, the authors studied the ELANA
anastomosis postoperatively confirming their prior
histologic findings in pigs and rabbits. A small
thrombus was visualized beneath the previously
described residual rim—a small piece of tissue
left at the anastomosis following laser arteriotomy.
This rim was noted to fully endothelialize in ani-
mals within 9 days and early re-endothelialization
is reported in this study which is somewhat difficult
to discern. The middle cerebral thrombus ap-
pears to be massive, clearly embolic in origin,
and, given the findings of multiple lung emboli,
likely to have originated from an extracranial
source. This is the second reported IC-IC bypass
and the second to have an apparent hemispheric
ischemic event in a middle cerebral distribution.
While the source of embolus is not clearly the
proximal graft site, it cannot be entirely ruled
out, especially in light of some thrombus noted
at the proximal anastomosis in this study. The flows
in these IC-IC bypasses were also noted to be
somewhat lower than the more common higher-
flow EC-IC grafts. It does seem possible that these
lower flow grafts could be somewhat more throm-
bogenic. Nevertheless, this study is important as it
is the first to demonstrate a human postmortem

ELANA specimen confirming earlier light and

scanning electron microscopic findings in small
animals.

Neurology Studies

Klijn et al®* were the first to focus exclusively on
ischemic patients who harbor symptomatic carotid
occlusion and were thought to be at high risk for
subsequent stroke. These patients behave very dif-
ferently than those treated for giant aneurysms and
their clinical outcome has little direct relevance to
the outcome for aneurysm patients. This paper adds
little to our understanding of surgical morbidity and
mortality of the ELANA procedure in patients with
giant or untreatable aneurysms, but does illustrate
the danger in operating on ischemic patients
whether utilizing ELANA or conventional techni-
que. The authors do, however, mention that flap
retrieval is not an absolute and that bypasses with
good flows measured intraoperatively without re-
trieved flaps are not necessarily at risk. They report
unpublished data in animal experiments that sug-
gest that these retained flaps do not obstruct the
bypass and don’t migrate distally. They suggest that
bypass functionality is what is important as quanti-
fied by measuring flow. Actual data from the labo-
ratory are not presented to support this finding.
Given the prior electron microscopic and light
microscopy studies, the reader is left to wonder
how these retained flaps appear under high magni-
fication. Overall, this paper lends little to the
analysis of the ELANA system primarily due to
its choice of patients but also due to its focus on
long-term outcome in a very high-risk group. No
real new data can be gained from this article other
than the authors’ recommendations concerning re-
tained arteriotomy flaps.

Brilstra et al*® reported the first study of
the ELANA technique outcome that includes
nonsurgeons and those not involved in its early
development. The goals of the study were good
and well thought out with the data collection
much improved over prior studies. Unfortunately,
the study was designed in such a way as to point
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out the high-risk nature of cerebral bypass in gen-
eral without a clear way to measure risk associated
with the ELANA system. Nearly one third of
the patients had suffered a subarachnoid hemor-
rhage and two thirds harbored giant aneurysms.
This would seem to suggest that a significant
number of these bypasses were done to allow
the surgeon to be aggressive with a difficult and
high-risk aneurysm by bypassing the parent vessel
prior to an attempt at direct treatment. This hetero-
genous group is evaluated with multivariate analysis
with the conclusion that poor condition initially was
associated with poor outcome—a well-known find-
ing of all aneurysm series and irrespective of bypass
studies. While this article seemed to hold promise
regarding conclusions being drawn in reference to
ELANA, it ultimately added very little to our
understanding of the risks of ELANA and was
not designed to address these risks directly.

Clinical Research Studies

Van der Zwan and colleagues™® offered the first of
two studies designed to study flow through ELANA
saphenous vein bypasses both intraoperatively as
well as postoperatively. Twenty-six giant aneurysm
patients were studied along with eight ischemic
patients. Intraoperative flows were measured using
a flow probe. Significant flow increases were meas-
ured during recipient artery occlusion when com-
pared with when the parent vessel was left patent.
The decision to deconstruct the parent artery was
often based upon flow volumes, with higher-flow
grafts left with patent parent arteries. Late intra-
operative flows were found significantly higher than
early flow checks, possibly consistent with short-
term graft adaptation. Postoperative flows were
measured using MR angiography (MRA). Patients
studied with MRA showed consistent increases
in flow from those measured intraoperatively, con-
sistent with possible long-term graft adaptation.
Conclusions drawn regarding hyperperfusion injury
in giant aneurysm and ischemic patients were dis-

cussed. Nonocclusive (ELANA) bypass patients

should theoretically be less susceptible to this sort
of injury, but absolute conclusions regarding this
could not be made from these data. This is primarily
a study of graft flow and no real attempt was made
to assess ELANA safety versus conventional tech-
niques. The measured flows are novel and, given the
lack of equivalent types of measurements made for
any significant conventional bypass series, represent
a significant contribution and are suggestive of the
value of the ELANA system. This paper certainly
should be weighted highly in its ability to demon-
strate the true “high flow” of a high-flow replace-
ment bypass and should be the standard to which
future studies of conventional bypass are compared.

Hendrikse et al** wrote the second of the two
studies devoted to flow measurements. This study is
a clinical research paper that measures bypass flow
as well as preoperative and postoperative individual
intracranial vessel blood flow in seven consecutive
patients treated with high-flow carotid replacement
bypass for giant intracranial aneurysms. The study
reports good outcome in all patients with 2/7
having the deconstructive portion of the operation
performed intraoperatively and 5/7 having the
carotid sacrifice performed postoperatively in the
interventional suite. Measured flows were excellent
in the group, reflective of the benefits of high-flow
bypass using saphenous vein. The uniqueness of the
ELANA system is not directly addressed but it is
suggested that by safely grafting in a nonocclusive
fashion into the proximal vasculature, higher bypass
flows are generated. Once again, as no good studies
of flows in groups of conventional bypass cases exist,
it is difficult to compare the ELANA technique to
conventional techniques on the basis of flow. This
paper, however, does carry some weight in that it
substantiates the flow capacity of the ELANA
bypass and provides further data to support its
acceptance.

Review Articles

Tulleken et al®? review the state of the ELANA

system at the time of its publication. No new data
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are presented. The concept of the IC-IC bypass is
reviewed as well. Specific pitfalls are once again
reviewed and pointed out. The paper makes clear
that the technique does not prohibit the surgeon
from performing a conventional anastomosis should
the ELANA technique fail or if the patient is found
to maintain vessels not suitable for its application.
The authors do relate to the reader several venous
complications, not unique to ELANA, that have
resulted in morbidity.

Streefkerk and colleagues™ essentially out-
line the history of the development of ELANA,
monitor the clinical progress made to date, discuss
laboratory progress, and offer thoughts on the
utility of the ELANA system in the future. It is
an exhaustive review of not only the ELANA
system but the field of revascularization in general.
One of the more interesting sections is the portion
devoted to complications. Intraoperative complica-
tions primarily are related to graft problems such as
early thrombosis and to deficits due to temporary
vessel occlusion, stroke from occlusion of bypassed
vessels, subdural hematomas, intracerebral hemor-
rhages, and myocardial infarction as outlined by
Sundt and associates in 1986.** Sundt and Sundt
additionally published a review of vein graft
preparation, classifying graft occlusion into acute
(30 days or less), subacute (1 to 2 years) and late
(5 years or more).” Sekhar and coworkers charac-
terized graft problems somewhat differently, prefer-
ring to divide them into general, proximal end,
tunnel-related, and distal-related problems.** Uti-
lizing these complication algorithms to evaluate
ELANA is helpful in that it allows one to identify
which risks are increased, decreased, or not appli-
cable when one compares the ELANA system
to conventional technique. ELANA has indirect
benefit over conventional bypass in several ways.
The need for less exposure could result in less brain
retraction and therefore fewer intracerebral hema-
tomas and diminished incidence of postoperative
cerebral swelling or edema. Heparin and barbiturate
use is obviated, resulting in fewer side effects due
to use of these two drugs. Medical risks, risks of
embolic stroke from the aneurysm itself or the

recipient as well as recipient thrombosis is essen-
tially equal in the two techniques. General, prox-
imal, and tunnel-related graft problems are also
theoretically identical, because the problems with
vein, radial artery, or other graft conduits would
not be improved upon by ELANA. ELANA does
in fact require an extra end-to-end anastomosis that
can complicate the vein graft patency. This extra
anastomosis step, however, may lower the in-
cidence of venous kinking. The ELANA group
reports in this review as well as in other articles
that the 45-degree angle venous anastomosis at the
end-to-end site may assist in preventing venous
kinking.

ELANA clearly has direct benefits in two
important ways. First, as noted by Sundt et al,
stroke due to temporary occlusion of a vessel does
occur.?? This risk is reduced to zero by the ELANA
technique and is the primary reason to support its
acceptance. A less obvious direct benefit is the
platinum ring. By placing the ring within the graft’s
distal end prior to fastening it to the recipient, the
vessel is maintained patent and distended around
the ring. This allows the surgeon to place sutures to
attach graft and recipient with much less chance of
sewing to the “back wall.” This benefit should with

time result in fewer distal-end graft complications.

CONCLUSIONS

From the data reviewed as outlined above, it appears
that the ELANA system is at least as safe as
conventional high-flow bypass surgery and in all
likelihood has significant advantages over current
techniques. Unfortunately, the literature is not
comprehensive regarding the true risks of the
conventional procedure itself, making it somewhat
difficult to compare the ELANA outcomes at one
center with the published EC-IC outcomes.
ELANA represents a major technological advance
in the construction of EC-IC bypasses and may
have significant impact on the field of cerebrovas-
cular surgery.
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