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Abstract

Objective

Bypass surgery is a special technique used tod¢oeaplex ICA aneurysms. The aim of this
retrospective study is to provide a comprehensagcdption of treatment and outcome of
complex ICA aneurysms at different ICA segmentsvécaous, supraclinoid, ICA
bifurcation) treated with bypass procedures.

M ethods

We identified 39 consecutive patients with 41 camplCA aneurysms that were treated
with 44 bypass procedures between 1998 and 2016diViled the aneurysms into three
anatomic subgroups to review our treatment stratdfiythe imaging studies and medical
records were reviewed for relevant information.

Results

The aneurysm occlusion (n=34, 83%) or flow modifma (n=5, 12%) was achieved in 39
aneurysms (95%). The long-term bypass patency re#s 68% (n=30). Minor
postoperative ischaemia or hemorrhage was comnsedn (n=20, 51%), but large-scale
strokes were rare (n=1, 3%). Preoperative dysfanatif extraocular muscles (CN Ill, IV
and VI) showed low to moderate improvement rate8-5@%). Preoperative vision
disturbance (CN Il) improved seldom (22%). At th&ekt follow-up (mean; 51 months) 29
patients (74%) were independent (M&Z.

Conclusions

Bypass surgery for complex ICA aneurysms is a Bastreatment method with an
acceptable risk profile. Patients should be infamef the uncertainty related to
improvement of pre-treatment cranial nerve dysfiomst

Key Words

Complex aneurysm, Intracranial aneurysm, Bypas#\NE, Cranial nerve dysfunction

I ntroduction

Complex ICA aneurysms are a heterogenous grouphallenging lesions, but as the
classification has remained subjective, the inademf these lesions is not exactly

knownl? It is estimated that complex ICA aneurysms repredess than 1% of all
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2 Nurminen

intracranial aneurysms. Many of these aneurysmgjiarg £25 mm) in size€: or fusiform
in nature. The typical presenting symptoms of tHesmns are cranial nerve dysfunctions
(CND) or thromboembolic symptoms>

The treatment of complex ICA aneurysms has to beréa on case-by-case basis. Direct
obliteration is seldom possible. More complex dohg such as proximal occlusion or
trapping and the use of cerebrovascular bypassesf@n necessary. Only in the recent
years have flow diverters emerged as an endovastakment option for these lesions.
Despite the technical development in the endovascfield, cerebrovascular bypass
procedures still remain an important technique forating some of the complex

aneurysms:*° Bypasses combined with arterial occlusions cam sésve as salvage option

when all other treatment modalities have faiieH.

The series published on complex ICA aneurysmsedeaiith bypasses are usually small
and focus mainly on technical nuances, but a memreigl analysis of the treatment
strategy is often lacking®?>*>*We present a single-center series of 39 consecutiv
patients with 41 complex or giant ICA aneurysmsitied with 44 bypass procedures during
1998 - 2016. The aim of this study is to analyzpasg treatment and outcome for the ICA
aneurysms at three separate anatomical segmenterrioas ICA, supraclinoid ICA and

ICA bifurcation). In addition to aneurysm oblitemat rate, the outcome analysis focuses on

occurrence of ischaemic or hemorrhagic lesionsiapdovement of CNDs.

Methods

Patients and aneurysms

Data were retrieved from the Helsinki Bypass datapavhich includes all the patients
treated with bypass procedures at the DepartmeNeatrosurgery at Helsinki University
Hospital (HUS) after 1998. We identified 39 condaa patients with 41 complex ICA
aneurysms treated with 44 bypass procedures bett@3¥hand 2016.

We divided the ICA aneurysms into three groupstii@r analysis: (i) cavernous segment
ICA (ICAcav), (i) supraclinoid and pre-bifurcationCA (ICAsup), and (iii) ICA
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3 Nurminen

bifurcation (ICAbif). Treatment strategies and bgpaoptions for each of these three

segments differ due to the restrains given by #seular anatomy.

Radiological data

Digital radiological images were recalled from thespital’'s central digital archiving
system (PACS; Agfa, Impax), launched in 1998. Imggilata were available for all the
patients. Multiple imaging modalities were useduerlapping combinations. All patients
had the preoperative digital subtraction angiogyafipSA) study. Balloon test occlusion
(BTO) was used to assess the arterial collatecaidbflow in 25 (64%) cases. Altogether 26
patients (67%) had a preoperative computed tombgrapgiography (CTA) scan and 35
patients (90%) had a magnetic resonance imaging)®dan. Additional CT perfusion or
MRI perfusion studies were done in eight cases (21foall of the 41 aneurysms, the
different imaging combinations ultimately led t@@nclusion that a bypass procedure was

indicated to treat the aneurysms.

Radiological assessment

The ICA aneurysms and their respective segments vwaentified from the radiological

studies. Saccular aneurysms were measured for thegest diameter and fusiform
aneurysms for the length of the affected arterymsed. Arteries branching from the
aneurysm wall, intraluminal thrombosis and wallcdaations were noted. The treatment
strategy, its execution, patency of the bypassaairysm occlusion were reviewed from

the patient records and the imaging studies.

Patient characteristics

During the 19 years, 39 patients with 41 ICA ansemy were treated with 44 bypass
procedures including three redo surgeries. Moséptst were Finnish (n = 35, 90%) and 21
patients (54%) were female. The mean patient affgedime of surgery was 50 years. The

baseline characteristics of the study populatienpaesented ifiable 1.

A majority of the patients were preoperatively ipdedent (modified Rankin Scale
[MRS] score<2; n=31, 79%). Two-thirds of the patients (n=26%§7had symptoms of
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93 mass effect as the main presenting symptom (iamiarnerve dysfunction [CND]). About
94  two-thirds of the aneurysms were giant (>25 mmgize (n=26, 63%). Two patients had
95 Dbilateral ICA aneurysms. Ten patients (26%) had/iptes history of treatment for their
96 ICA aneurysm.

97

98 Useof bypassin aneurysms

99 Between 1998-2016, a total of 255 intracranial l3gpaperations were performed at our
100 department. Almost half of these surgeries (n=129%) were done for aneurysms.
101 Complex ICA aneurysms represented 16% of the tdak volume (n=41). The bypass
102  technique evolved over the study period, which a@ffected our treatment decisions. Of
103 the 255 bypasses, 224 (88%) were done using caomnahtechniques and 31 (12%) with
104 the Excimer Laser-Assisted Non-occlusive Anastom@SLANA) technique. The ELANA
105 technique was used during the years 2003-2010. rii&i@ reason for abandoning the
106 ELANA technique later on was its complexity and regctability, while at the same time
107 we had become more proficient and technically clgpalith the conventional bypasses.
108 The graft and recipient selection in ICA bypassgsties varied based on the technique
109 used.

110

111 Outcome

112  The patency of the bypass and the obliteratiomeftarget aneurysm were evaluated from
113  the postoperative images. We were also interesiethe postoperative ischaemic and
114  hemorrhagic complications and later improvemeniCofDs. The outcome was defined
115 using the modified Rankin Scale (mRS) as goed) (and as poor (3-5); scores were
116  assessed at discharge and at the latest followsitp v

117

118  Statistical methods

119

120 Commercial statistical software (IBM SPSS Statsstiersion 25.0.0) was used to manage
121  the data. The tools used were for descriptive gattsgcal analysis.

122
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The Helsinki Cerebral Bypass database has the vagpod the Ethics Committee of the
Helsinki University Hospital (HUS).

Results

Treatment

Cavernous | CA aneurysms

There were 22 patients with 23 cavernous ICA (IGAaneurysms including one patient
with bilateral mirror aneurysmd-jgure 1; Figure 2A]. Pre-treatment CNDs were seen in
20 patients (86%). One aneurysm was consideredudslaruptured [epistaxes; no. 8]. The
mean aneurysm size was 26 mm (range 12-37 mm).aCleaistics of these cases are
presented il able 2.

The 22 patients underwent 25 bypass procedureshtitateral case, two redo surgeries).
The most frequent aneurysm treatment strategy wasE@-IC bypass followed by
peroperative, proximal parent artery occlusion (PA€R20, 87%). Of the 23 aneurysms, 14
(61%) were treated with the ELANA technique.

During the early postoperative pericd/(days), eight patients (36%) developed radiologic
ischaemic lesions in varying combinations. Six luérh (27%) were symptomatic. Small
contusions due to retraction or manipulation arotlnedanastomosis were seen in five cases
(23%). On angiography, early bypass occlusion veasated in eight cases (32%; one redo)
of which six cases were concurrent with ischaemsioins. Only one bypass occlusion led
to an extensive hemispheric infarct and resultesl fexality [no. 18].

The latest angiography showed a total occlusioblohneurysms (91%). Late occlusion of

the bypass was seen in four patients (18%) witbontplications.

Supraclinoid | CA aneurysms
Supraclinoid ICA (ICAsup) aneurysm was treated 2nphtients. Of the branching arteries,

the Pcom most frequently originated from the ansmrylome (n=5)Higure 1; Figure
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153  2B]. Two-thirds of these patients (n=8, 66%) presemtéd CNDs. The mean aneurysm
154  size was 26 mm (range 2-79 mm). Characteristiteasfe cases are presented able 3.

155

156 The 12 patients underwent 13 bypass procedures réme surgery). The most frequent
157  aneurysm treatment strategy was an EC-IC bypaksved by peroperative proximal PAO
158 (n=7, 58%). In two cases the aneurysm had beerngudy treated elsewhere only with
159  proximal ICA occlusion, and the remaining retrogediling through the Pcom was then
160 occluded by endovascular means [no. 23 and 2Gjnéncase, the bypass served only as a
161  protective bypass during the successful direcpalig of the aneurysm [no. 31]. Of the 12
162  aneurysms, only two (17%) were treated with the BBAechnique.

163

164 During the early postoperative periog/(days), half of the patients (n=6) developed new
165 radiologic ischaemic lesions, of which four (33%gre symptomatic. Small contusions due
166  to manipulation were seen in two cases (17%). @mognaphy, all but one intraoperatively
167 occluded bypass were patent (92%).

168

169 The latest angiography showed total obliterationtesf aneurysms (83%). One foreign
170 patient had follow-up elsewhere [no. 25]. The byphad silently occluded in one case at
171  the latest follow-up with no clinical consequenfas. 32].

172

173 I CA-bifurcation aneurysms

174  There were five patients with six ICA aneurysmseetiing the ICA bifurcation (ICAbif)
175 region including one patient with bilateral mirrmeurysms. In all of these aneurysms, the
176  proximal M1 and Al branches originated from theuempem domelfigure 1; Figure 2C].

177  Aneurysm mass effect caused CNDs in three casés)(68l of the aneurysms were giant
178 (=225 mm) with the mean diameter of 40 mm (range 2%nr@). Characteristics of these
179  cases are presentedTiable 4.

180

181 The five patients underwent six bypass procedusase pilateral case). The conventional

182  EC-IC bypasses were followed by various stratetpeiseat the aneurysm (trapping, n=2;
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183  clip reconstruction, n=1; proximal occlusion, n=Qrutchfield apparatuses for bilateral
184  aneurysms).

185

186 During the early postoperative periodg7( days), three patients (50%) developed
187 symptomatic perforator ischaemia. Additionally,ane of these three cases, the proximal
188 ICA balloon occlusion induced thrombosis of the mcproximal to the aneurysm, and
189  subsequent ischaemia mainly in the posterior calebstery (PCA) region [no. 38]. None
190 of the patients had manipulation-related contusioll$ the bypasses were patent on
191 angiograms.

192

193 At the latest follow-up, the treated aneurysm waslualed in three cases (50%). Small
194 remaining aneurysmatic pouches were seen in theeafagmodeled aneurysm [no. 35]. In
195 the case of bilateral aneurysms, one Crutchfieldaggius was left partly open as a
196  protective measure [no. 39]. The long-term bypéesis remained the same.

197

198 Ischaemic complications

199 New postoperative radiologic ischaemic lesions vasen in 17 patients (43%), of which
200 13 patients (33%) were symptomatic. The frequencfegfiese complications were higher
201  in the intradural subgroups (ICAcav [n=8, 36%]; I€if [n=6, 50%]; ICAbIf [n=3, 50%]).
202  The ratio of perforator and main trunk ischaemiaediaccording to aneurysm location
203  (ICAcav, 3:6; ICAsup, 3:4; ICADiIf, 3:1). The mostramon specific location for ischaemic
204 lesions was the capsular region (n=8). Only sixesad5%) had concurrently deep and
205 superficial ischaemia, and three cases (8%) haducment contusions.

206

207 The bypass was thrombosed in most of the ICAcawurgsen cases with postoperative
208 ischaemia (n=6, 75%). However, in most of theseeptd (n=5) the ischaemic lesions were
209 limited. There was only one patient with full hepheric infarct. Unlike in the ICAcav
210 cases, the bypass was patent in all of the ICAswpI&Abif patients with postoperative
211  ischaemic findings.

212
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Antiplatelet medication (acetylsalicylic acid [ASA]J00 mg daily) was used in 36 patients
(92%) postoperatively. All of the patients with neschaemic complications were on
antiplatelet therapy, and postoperative low-molaculeight heparin (LMWH) was used in
combination with ASA in eight cases (47%). This camed medication was used also in

four of the occluded ICAcav bypass cases (50%).

Hemorr hagic complications

Post-operative extra-axial hemorrhage requiringyisat removal was seen in three cases
(7%); epidural (n=2) or subdural (n=1). All threatigpnts had different regimes for
perioperative use of antithrombotics [no. 15, 18l &7]. Manipulation-, or retraction-
related contusions were seen in seven patients )(18Be contusions alone caused the
postoperative symptoms in two cases, concurrenitly iwchaemia in three cases, and two
other cases had only radiologic findings. All trentusions were associated with deeper
anastomosis sites, and often with the ELANA techeign=6, 86%). Peroperative heparin
use had some overrepresentation in cases with siongi(n=4, 57%) when compared to
the other cases of the series (n=6, 18%). There werintraparenchymal or subarachnoid

hemorrhages requiring intervention.

Cranial nervedysfunctions

A total of 29 patients (74%) had dysfunction ofledst one cranial nerve as a presenting
symptom. Most common was the CN VI dysfunction (5#=38%). Combined preoperative
CNDs were associated only with the ICAcav aneury$ms, 15%). Additionally, nine
patients (23%; two cases preoperatively asymptanakeveloped a new postoperative
CND, which was most frequently CN Il weakness (n88%). During follow-up, eight
patients (26 %; including two cases of only postafiee CND) had full and seven patients
(23%) had partial improvement of their CNDs. Mogedfically, CN IV-VI functions
improved most frequently among the presenting sgmpt(correspondingly 1/2, 2/5 and
6/15; 40-50%) and CN lII function among the comations (5/6; 83%). On the other hand,
preoperative visual disturbance (CN Il) or CN Ijsfunction showed improvement only
infrequently (correspondingly 2/9 and 2/10; 22-25%)rabismus surgery corrected two

additional cases of CN VI weakness (13%).
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Clinical outcome

The mean follow-up time was 51 months (median 28ge 0 — 201; O being for three
foreign patients and for two cases of death [ose ¢atality; one death was intoxication not
related to aneurysm disease or treatment]). Ahdisye, 17 patients (44%) had worse mRS
score than preoperatively, and of these, 11 patig@8%) dropped from goo&Z) to poor
(>3) MRS score group. However, between dischargetlandhtest follow-up, 20 patients
(51%) improved on the mRS scale while the score8 patients (23%) rose from poor to
good mRS score group mostly balancing the initrapdFigure 3]. Of the patients with
poor preoperative score (n=8, 21%), only two pasigd%) recovered into good score
group. The mRS score distribution at the latesovolup was as followss2 (n=29, 74%),
3-5 (n=9, 23%), and 6 (n=1, 3% case fatality rai)pectedly, all four patients (10%) who
deteriorated permanently into the poor mRS scoceimmwere cases with postoperative
ischaemic lesions or contusions. The case scoredifigient subgroups on modified

Ranking Scale (mRS) are presented able 5.

Discussion

Bypass procedures are an acknowledged strategy reat tcomplex intracranial
aneurysms$:*?? Fewer studies have focused only on complex ICAugsens®%1316:20.23
It is difficult to obtain large series of comple€£A aneurysms due to their rarity and
heterogenous nature. In our series, emphasis waglifterent segmental subgroups

(ICAcav; ICAsup; ICAbiIf) and their relation to treaent strategy.

Aneurysm occlusion strategy

Aneurysm occlusion rates of 91-100% have been teggoreviously for complex ICA
aneurysms treated with bypass procedures, butblarg@atient selection or study focus
(specific treatment method, combination of aneuryseations, or the symptoms and
related improvement) makes comparison between @hiess difficult®®2132°21|n our
series, the latest angiography showed that 83% @lfirgsms were occluded (one case was
lost to follow-up elsewhere). However, the goaflofv reversal or flow modification was

achieved in 95%.
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275

276  For ICAcav aneurysms the obliteration strategy viRthO alone is straightforward as no
277 major outflow branches or terminal arteries origgndrom this segment. Aneurysm
278 occlusion rates of up to 100% have been reportedefolovascular PAO without any
279  revascularizatioA*?® In our series, ICAcav aneurysm occlusion rate B%9n=21) was
280 ultimately achieved. We did the PAO immediatelyeaintraoperative confirmation of the
281  bypass patency, and often chose endovascular Ph® BTA was used as donor artery.
282

283  For ICAsup aneurysms, there is more uncertaintgdhieving aneurysm occlusion with
284  simple proximal PAO as the branching arteries (@plftcom) may retrogradely fill the
285 aneurysm, or even one anothBrgure 1]. We generally choose to keep these branching
286  arteries intact to avoid ischaemic complicatioh®dom occlusion is needed, exact surgical
287  clip ligation rather than endovascular occlusiomdbnger artery segment is probably safer
288  strategy to keep perforators intact. Small supdrngrophyseal artery (SHA) divisions are
289 relatively safe to sacrifice in a unilateral prosegf® and have no major role in our
290 occlusion strategy planning. Distally, perfusion tbe AChA has to be maintained if
291 trapping is planned. We achieved an aneurysm doclusite of 83% (n=10) in ICAsup
292  aneurysms of which the majority were treated withOP(n=6). Due to flow pattern
293  disruption, the postoperative, intra-aneurysmalldres flow seemed to be weak enough to
294  ultimately lead to total thrombosis in most cases.

295

296  Complex ICAbif aneurysms turned out to be the nmeseérogenous group in our series. For
297 these aneurysms no general rule of occlusion giratan be given. For proximal occlusion,
298 one has to consider the same principles as withsi@Aaneurysms. It is essential to protect
299 the AChA and lenticulostriatal perforators, whichkaynbe embedded in the aneurysm.
300 Concerning the aneurysm outflows at main trunksfugen through the Acom may allow
301 the occlusion of the ipsilateral Al, but the origihartery of Heubner should be protected.
302 Intraluminal aneurysm thrombosis may change thsnead flow circumstances and lead to
303 substantial perfusion through external carotidrgar{&CA) collaterals. In our series, the
304 aneurysm trapping was possible in two cases. pipirey is not possible, PAO and flow

305 reversal may be a sufficient strategy to triggeeuapsm thrombosis, or change the flow
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306 patterns into a more benign one. In aneurysms bawialtiple outflow branches along the
307 intradural ICA, remodeling and compartmentalizatioh perfusion with the help of
308 revascularization is a demanding strategy, andighly depends on the aneurysm
309 morphology. Flow disruption, rather than aneuryssoldtion, is often an adequate
310 treatment goal in bilateral ICAbif aneurysms, argl @ tradeoff to avoid surgical
311 complications. Disruption may be achieved with &raneurysm occlusion, or with
312 aneurysm inflow reduction. We do not routinely @ectrophysiologic heuromonitoring,
313 but even awake procedufésnay give extra control for the outcome when degiiith the
314  most critical lesions.

315

316 Bypass patency

317 The cumulative bypass patency rate at the latdkiwfaup was 68% (n=30). This is
318 relatively low when compared to previous studiesvehg patency rates from 73-77%
319 (saphenous vein graft [SVG], ELANA) up to 98% (agk pedicle)®3212%31owever,
320 clinically relevant strokes were rare in our series

321

322 As observed previously by oth&t° majority of the bypass occlusions (n=9, 64%; all
323  SVGSs) occurred during the first postoperative we@kly some (n=6, 43%) of the early
324  bypass occlusions resulted in ischaemic complinatid his would indicate that despite the
325 negative preoperative BTO, there must have beestaniial collateral flow.

326

327 The long-term patency rate has been reported tapb® 99% for arterial pedicles and
328 SVGs? In our series, four bypasses (9%; SVGs) occludeddlateral perfusion had
329 developed and bypass flow became unnecessary. dCigtdly, long-term bypass
330  occlusions do not usually result in new ischaemimplications’®3*

331

332  Ischaemic complications

333  One-third (n=13) of the patients in our series Bghptomatic ischaemic complications.
334 The higher occurrence rate of ischaemic complioativith intradural aneurysm cases
335 (50%) when compared to ICAcav subgroup (37%) wkelylirelated to the presence of

336 branching arteries. In previous reports, the rdtsc@haemic complications were reported
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337  between 0-13%, but patient selection and repontamy ®®**2°0Only one full hemispheric
338 infarction was diagnosed after early bypass ocsfusin all other cases, the lesions were
339 more limited regardless of the bypass status, aae wnostly thromboembolic or local
340 watershed-type of infarctions.

341

342 Ischaemic lesions do not automatically mean poogmosis. In our series, Six symptomatic
343  patients (46%) did not show functional decline dgriong-term follow-up. Only four out
344  of the 13 patients (30%) with ischaemic lesionseghap with poor mRS score.

345

346  Hemorrhagic complications

347 Extra-axial hemorrhagic complications requiring gscal removal were diagnosed only
348 infrequently (n=3, 7%) as seen in previous studisl0%5*'® We did see small
349 contusions/hemorrhagic complications in seven pti€l8%). These were associated with
350 the ELANA technique, which required longer surgesyatic retractioff and frequent
351 heparinization. Currently, we prefer conventiongbdiss techniques with more superficial
352 anastomoses which require less brain retraction raadipulation. At present, we use
353  heparinized solution only locally for graft and iggent irrigation.

354

355 Cranial nervedysfunctions

356  There are only a few reports focusing on CND improent in patients treated with bypass
357 surgery for ICA aneurysms. In our series, the peeajve vision deficits or
358 ophthalmoplegia were common presenting symptom29n#4%) and only 45% of these
359 patients (n=13) experienced improvement. Motor eeref the extraocular muscles (CN
360 lI, IV and VI) showed low to moderate improvemeates during the follow-up (20-50%),
361 whereas vision disturbance (CN II) improved onlydeen (22%). Several other studies
362 have reported improvement rates of 30-85%%

363

364 Outcome

365 When treating complex aneurysms with bypass proesduhe rate of good functional
366 outcome has been reported to vary between 79-F3396' We saw good functional

367 outcome (MRS2) in 74% of our patients at the latest follow-upe@n of four years).
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Patient selection strongly affects these resultglisect comparison between the different
series is not possible. Many patients experienctoperative functional decline, but most
of them seem to recover to their initial functiorsthtus later on. Patients with poor
preoperative mRS score are unlikely to achieve peddency again, which affects the
overall outcome. Major ischaemic complications gatine highest risk for functional

decline, but at least in our series these weredgufent. The case fatality rate in our series

was 3% (n=1) which is similar to some previous rep@-8%3 >

Futureroleof bypassin ICA aneurysms

Flow diverters have lately changed the treatmembafiplex ICA aneurysms, especially for
the cavernous segment. It has been estimated phtd 0% of the ICA aneurysms are
treatable with flow diverters However, the likelihood of aneurysm occlusionédgparted

to be lower in cases of higher complexity and dlisteation**> Thromboembolic event$

or ruptures are known complications of flow divesteand these may occur also late after
the treatment. The need for dual antiplatelet {hermakes flow diverters difficult to
combine with bypass surgery, and special devicesefaovascular ICA bifurcation
reconstruction are currently lacking. In our preetiduring the last five years, we have
nearly stopped bypass surgery for ICAcav aneury&imsthe more distal segments, bypass
still remains as one of the treatment options. Bemarization offers an extra dimension of
flexibility to attack the target aneurysm in caseBere flow diverters are considered
unsuitable, or they fail. At present, flow divemsi@nd conventional, more superficial

bypasses cover our need when treating complex I&rgsms.

Conclusions

Bypass surgery of complex ICA aneurysms is a féagieatment method. The treatment
strategy depends on the segmental location of neergsm. Major complications leading
to long-term functional decline are rare. Preopegatranial nerve dysfunctions recover
only in a minority of the patients. Lately, flomdirters have taken over in many complex
ICA aneurysms, but there is still need for bypasse®me special cases. The art of bypass

treatment should be maintained in dedicated nesmlar centers.
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Figurelegends

Figure 1. lllustration of the three aneurysm subigeo(n). ACA = anterior cerebral artery;
AChA = anterior choroidal artery; ACP = anterioindid process; ICAbif = bifurcation of
internal carotid artery; ICAcav = cavernous segnuémternal carotid artery; ICAsup =
supraclinoid segment of internal carotid artery; M@ = bifurcation of middle cerebral

artery; OphtA = ophthalmic artery; Pcom = postedommunicating artery.

Figure 2. A: Preoperative antero-posterior DSA imafjlCAcav aneurysm [case no. 5] B:
Preoperative antero-posterior DSA image of pre\hotreated ICAsup aneurysm [case no.
28] C: Preoperative antero-posterior 3D-CTA imab#C@\bif aneurysm [case no. 36]. Al
= Al segment of anterior cerebral artery; ICAbibifurcation of internal carotid artery;

M1 = M1 segment of middle cerebral artery; Pconosterior communicating artery.

Figure 3. Distribution of the modified Rankin Scat®re among the 39 patients.



Table 1 Characteristics of the patients (n).

n (%)

No. of patients 39

No. of treated aneurysms 41

Sex Female 21 (54%)
Male 18 (46%)

Ageat surgery [yrs]; 50 (range 18-74)

mean (range)

Preoperative modified 0 — 2; independent 31 (79%)

Rankin Scale score 3 - 5; dependent 8 (21%)

Main presenting symptom Mass effect (e.g. CND) 26 (67%)
Incidental / co-incidental 5 (13%)
Ischaemia 3 (8%)
Headache 2 (5%)
Previous SAH 2 (5%)
Epistaxis (ruptured aneurysm) 1 (3%)

Aneurysm ICA cavernous 23741 (56%)
ICA supraclinoid 12/ 41 (29%)

ICA bifurcation
Giant aneurysnix(25 mm)
Multiple aneurysms

- Bilateral ICA aneurysms

6 /41 (15%)

26 /41 (63%)

12739 (31%)
2139 (5%)

Previoustreatment

For the ICA aneurysm

For other aneurysm

10/ 39 (26%)

3739 (8%)

CND = cranial nerve dysfunction; SAH = subarachri@dorrhage.



Table 2 ICAcav aneurysms treated with bypass surgery.

No | Gender; Preop. | CND Side; size(mm); Calcif./ | Multiple Previous Bypasstype Anastomosis | Obliteration | Aneurysm Bypass Postop.

age /late mor phology thromb. | aneurysms | treatment filling postop./ | occluded radiologic
mRS late ischaemia/
contusions

1 M; 42 1/1 I, v, VI Left; 32; f -/ - + Other STA MCA distal Conv. Prox./endo. - - -

2 F, 45 1/1 I, 1, V Left; 17; s -+ + +/Other | ECA — SVG — ICADbif ELANA Proximal Slight / - - -+

3 F, 39 1/0 \ii Left; 23; s -/ - + - ECA — SVG — IGAI ELANA Proximal Slight / - < 7 days +/-

4 M; 18 3/3 VI Left; 27; f +/+ + - ECA — SVG - ICAi ELANA Proximal - - -
bilateral Right; 37; f +/+ ECA — SVG - ICAid ELANA Proximal Slight / Slight - -

5 F, 72 1/2 -VI Left; 30; s +/- - - STA — MCAistal Conv. Proximal +/- Intraop. -
reoperation STA-SVG -M2 Conv. + Distal <7 days +/-

6 M; 64 212 I, NI, VI Right; 25; s +/+ - - STA MCA distal, x2 Conv. Distal +/- - -
reoperation STA—-SVG - M2 Conv. + Proximal - -

7 F; 70 1/0 - Right; 32; s +/+ + - STA — MCA distaP Conv. Prox./endo. - - -

8 M; 57 1/5 - Right; 30; traum. -1+ - + ECA — SVACGAId ELANA Proximal - Follow-up -/ +

9 F; 45 1/1 \ Left; 32; s -/- - - ECA — SVG — ICai ELANA Proximal - Follow-up -

10 F; 56 1/1 \ Right; 28; s -+ - - ECA — SVG — IBA ELANA Proximal - <7 days +/-

11 M; 51 1/1 I, v, VI Left; 22; s -1+ - - ECA — %8G — ICAid ELANA Proximal - - -

12 F, 55 1/0 - Right; 23; f -/ - - - STA-M2 Conv. rdX./endo. Slight / - - -

13 F; 44 1/0 1l Right; 25; s -1+ - + CCA — SVG — M@listal Conv. Prox./endo. - Follow-up -

14 F; 53 1/1 \ Left; 16; s +/+ - ECA — SVG - IGA ELANA Trapping - - -1+

15 F, 46 1/1 Vi Right; 28; s -/ - - - ECA - SVG - IGA ELANA Proximal - - +/-

16 F; 65 1/C \ Left; 35; ¢ -/- - - STA-MCA dista Conv Prox./endc - - +/-

17 M; 54 1/1 VI Left; 17; s -/ - - - ECA — SVG - ICAb ELANA Proximal - < 7 days +/+

18 M; 71 1/6 Il Left; 23; s -+ - - ECA - SVG - ICAb ELANA Prox. + endo. | Slight/- < 7 days +/-

19 M; 24 1/0 VI Right; 32; s +/+ - - STA — MCA didta Conv. Distal - - -

20 F, 62 313 V, VI Right; 25; s +/- - + ECA — SVGMCA distal Conv. Crutchfield +/+ < 7 days -

21 F; 59 1/2 111 Right; 16; ! -+ + - ECA-SVG- ICAid ELANA Proxima Slight/ - < 7day +/+

22 F, 58 11 Il Right; 16; -/ + + - ECA-SVG-ICAid ELANA Proxima - Follow-up -

“Later endovascular proximal occlusion obliterateglaneurysm. CND = cranial nerve dysfunction; ELANExcimer Laser-Assisted Non-occlusive Anastomasislo. = endovascular occlusion; f =
fusiform; ICADbif = bifurcation of internal carotidrtery; ICAid = intradural internal carotid artergyRS = modified Ranking Scale; s = saccular; STouperficial temporal artery; SVG = saphenous

vein graft; traum. = traumatic.




Table 3 ICAsup aneurysms treated with bypass surgery.

Gender; Preop. | CND | Side; size Calcif./ Multiple Previous Bypasstype Anastomosis | Obliteration | Aneurysm Bypass Postop. radiologic
age /late (mm); thromb. aneurysms | treatment filling postop./ | occluded ischaemia/
mRS mor phology late contusions

23" F, 68 2/3 Il Left; 32; f +/+ - + STA — MCA distal Conv. Pcom/endo. | Slight/ - - +/-

24 M; 56 5/5 11} Left; 79; s +/+ + - STA — MCA distta Conv. Proximal Slight / - - -

257 M; 55 0/1 - Right; 9; f -/- - - ECA - SVG - M2 @o. Prox./endo. Slight / Foreign| - +/-

26" F; 61 1/2 1} Left; 25; f +/+ + + STA- MCA dista Conv Pcom/endo - - +/-

27 F; 47 4/3 - Right; 15; s -/ - + Other ECA — SVOH ELANA Proximal Slight / - - -+

28 M; 74 4/4 - Left; 30; s +/+ + + / Other STA — SVGVI2 Conv. Proximal Slight / - - -

29 F, 30 0/0 - Right; 17; f -/- - - STA — MCA distal Conv. Prox./endo. Slight / Slight - -

30 F; 52 1/1 vV Left; 40; s +/ - - - ECA — SVG — M2 8o Trapping - - +/+

31 F; 29 1/1 Il Left; 19; s -/ - - - STA - M2 Conv. ligping - - +/-

32 M; 25 1/1 1] Left; 18; f -/ - - + thyroid A—SVG M2 | ELANA None +/- Intraop. -
reoperation ECA - SVG - M2 Conv. Proximal ll6ww-up -

33 M; 24 1/2 \Y| Left; 30; f +/+ - - ECA - SVG - MCA | Conv. Proximal Slight / - - +/-

distal
34 M; 53 5/2 - Left; 2; s -/ - - + STA — MCA distal adv. Prox./endo. - - -

“Remaining retrograde filling through the Pcom wesladed with endovascular meafighe ELANA arteriotomy failed and bypass was cors@itb a conventional type. CND = cranial nerve
dysfunction; endo. = endovascular occlusion; fsifirm; mRS = modified Ranking Scale; s = sacc8drA = superficial temporal artery; SVG = sapheneeis graft.




Table 4 ICAbif aneurysms treated with bypass surgery.

Gender; Preop. | CND | Side; size Calcif./ Multiple Previous Bypasstype Anastomosis | Obliteration | Aneurysm Bypass Postop. radiologic
age /late (mm); thromb. aneurysms | treatment filling postop./ | occluded | ischaemia/
mRS mor phology late contusions
35" F, 65 1/1 Il Right; 38; f -/- - - ECA - RAG - MBTA-M3 Conv. Remodeling Small residual - +/-
36 M; 18 33 - Right; 25; f -/- - - STA — MCA distai2 Conv. Trapping - - +/-
37 M; 14 412 - Right; 70; s +/+ - - STA — MCA distaR Conv. Trapping - - -
387 F; 57 1/4 Il Left; 50; ¢ +/+ - + STA- MCA distal Conv Proxima - - +/-
397 M; 50 1/2 Il Right; 30; f +/+ + - ECA — SVG — MCdistal Conv. Crutchfield Slight / Slight - -
bilateral Left; 30; f +/+ STA — SVG — MCA di& Conv. Crutchfield +/+ - -

*Aneurysm was remodeled with clips and the bypassaséded perfusion to isolated ACA and MCA regiofRrevious unsuccessful treatment with a middle ngsihartery — MCA -bypass in another
department'The left-sided Crutchfield apparatus was purposefeft slightly open to allow diminished arteriéibw to the aneurysm and periphery. CND = cran&e dysfunction; f = fusiform;
mRS = modified Ranking Scale; RAG = radial artengfg s = saccular; STA = superficial temporal rt&VG = saphenous vein graft.




Table 5 The outcome scores on the modified Rankin Scale (n).

MRS score

0-2 3-5(6)
[CAcav (22)
Preoperative 20 2
Latest 18 3(1)
ICAsup (12)
Preoperative
Latest
I CAbif (5)
Preoperative 3 2
Latest 3 2
ICA aneurysm treated before (10)
Preoperative
Latest
Postoperative ischaemia or contusions (21)
Preoperative 19 2
Latest 15 5(1)
Multiple aneurysms (12)
Preoperative 8 4
Latest
Giant aneurysms (24)
Preoperative 18
Latest 16 8

ICADbif = bifurcation of internal carotid artery; ICAcav = cavernous segment of internal carotid artery; | CAsup = supraclinoid segment of internal carotid artery.









mRS: 0 1 72 m3 m4 5 w6

Preoperative (%) 5 69 5

At discharge (%) 3 38

Latest (%) 18 36 21
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A1, Al segment of anterior cerebral artery; ACA, anterior cerebral artery; AChA, anterior
choroidal artery; Acom, anterior communicating artery; ASA, asetylsdicylic acid; BTO,
balloon test occlusion; CN, cranial nerve; CND, cranial nerve dysfunction; CT, computed
tomography; CTA, computed tomography angiography; DSA, digital subtraction
angiography; ECA, externa carotid artery; EC-IC, extracraniad-intracranial; ELANA,
Excimer Laser-Assisted Non-occlusive Anastomosis, HUS, Helsinki University Hospitdl;
ICA, internal carotid artery; ICAbif, bifurcation of internal carotid artery; ICAcav,
cavernous segment of internal carotid artery; ICAsup, supraclinoid segment of internal
carotid artery; LMWH, low-molecular-weight heparin; M1, M1 segment of middle cerebral
artery; MCA, middle cerebral artery; MRI, magnetic resonance imaging; mRS, modified
Rankin Scale; OphtA, ophthalmic artery; PACS, Picture Archiving and Communicating
System; PAO, parent artery occlusion; PCA, posterior cerebral artery; Pcom, posterior
communicating artery; RAG, radia artery graft; SAH, subarachnoid hemorrhage; SHA,
superior hypophyseal artery; SV G, saphenous vein graft.
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