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SURGICAL TREATMENT OF MULTIPLE
INTRACRANIAL ANEURYSMS
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SUMMARY - A retrospective study was conducted on 42 patients with multiple aneurysms
surgically treated from 1975 to 1586, Thirty one of them had 2 ancurysms 6 had 3. 3 had
4 and 2 had 5 (62 in the internal carotid, 27 in the middle cecrebral artery, 11 in the
anterior cerebral and 3 in the basilar artery). All patients had subarachnoid hemorrhage
and were classified as follows upon admission: 11, grade I; 12, grade I1I; 15, grade III,
and 4, grade IV, and most of them improved before surgcry (29, grade I, 7, grade II,
and G, grade III}). In most cases, surgery was delayed and the 42 patients needed 57
graniotomies for elipping the aneurysms. Of the 24 patients with bilateral aneurysms,
15 were onerated on both sides (11 are asymptomatic, 1 has hemiparesis, and 3 died later).
Qf the 9 patients submitte@ to unilateral craniotomy, 4 died and 5 are alive and well, Of
the 18 patients with unilateral aneurysms, 11 are ssymptomatic, 2 have hemiparesis, 1 has
diplegia and behavioral disorders, and 4 died. Overall mortality was 26.19%, iniraoperative
mortality was 11.9%, and no mortality ocecurred among the patients opcrated over the laat
5 years. The management of the these patients iz discussed.

Tratamento eirirgico de aneurismas intracranianes miltiploes.

RESUMC — Foram ansalisados retrospectivamente 42 pacientes com aneurismas miltiplos
(17,8% do total de pacientes com aneurismas) atendidogs no pericdo de 1975 a margo de
1986. Vinte e sete eram do sexo feminino e 15 do masculino, com idade variando da
terceira a sétima décadas. Trinta e um pacientes tinham 2 aneurismas (15 uni e 16 hilaterais),
6 tinham 8% (2 uni e 4 hilaterais), 3 tinham 4 (todos bilaterais) e 2 tinham 5 (bilaterais),
totalizando 102 aneurismas (61 na carédtida interna, 27 na cercbral média, 9 no complexo
ecerebral anterior/comunicante anterior, 2 na basilar ¢ 2 na cerebral anterior distal), Todos
0s casos foram internados por hemorragia subaracnéidea e 11 foram classificados em grau
I, 12 em grau II, 15 em grau III e 4 em grau IV na initernacio. 0Os pacientes foram
mantides em repouso absolute, sob sedaclio e a evolugio pré-operatéria mostrou melhora
clinica da maioria dos pacientes (29 operades em grau I, 7 em grau II e¢ 6 em grau III),
A cirurgia foi realizada tardiamente na maioria dos casos (28 entre o Ile e o 300 dia) e
os 42 pacientes foram submetidos a 57 craniotomias para clipagem dos aneurismas. Dos
24 pacientes com ancurismas bilaterais, 15 foram operados dos dois lados (11 estdo assinto-
maticos e 1 com hemiparesia e 8 faleceram tardiamente por outras causas gque ndo hemor-
ragia subaracnéidea). Dos 9 pacientes submetidos g craniotomia unilateral, 4 faleceram e
5 estdo bem. Dos I8 pacientes com aneurismas unilaterais, 11 estdo assintomaéticos, 2 apre-
sentam hemiparesia, 1 apresenta diplegia e distGrbios do comportamento e 4 faleceram, A
mortalidade global foi de 28,199 durante todo o seguimento, a mortalidade operatoria foi
11,9% e ndo houve mortalidade nos casos operados nos ultimos 5 ances. A conduta preco-
nizada para o tratamento destes pacientes é discutida.
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Multiple aneutrysms are an important part of intracranial vascular pa-
thology since they differ in behavior from single aneurysms by presenting a
longer risk of bleeding.  Statistical data obtained from angiography and/or au-
topsy procedures show that the frequency of multiple aneurysms varies from
21 to 33.5¢; 5-7.8-11,17,2,22,23,25,28,29,35.36, Pouyanne et al.?® have divided the history
of multiple aneurysms into three periods. The first, called anatomical, was that of
necroscopic detection and extended until 1944, The second included pioneering efforts
in the surgical treatment of aneurysms, whereby the carotid artery was tied in the
neck and the ruptured aneurysm was approached directly intracranially when it
could be identified. The direct approach to the ruptured aneurysm progressively
mained favor, replacing the procedure of carotid ligation in the neck 5.6.10,11.18,23,27.29
The observation of additional bleeding episodes due to rupture of other aneurysms in
patients treated for a ruptured aneurysm1L.28 led to the indication of treatment of
additional unruptured aneurysms during the same surgical act and through the same
craniotomy, as long as this did not expose the patient to additional risks 6.11,23,28,
After the results of the Cooperative Study of Intracranial Aneurysms and Subara-
chnoid Hemorrhage were published in 1966, the natural evolution of intracranial
aneurysms was better understood and, owing to the possibility of better evaluation of
the surgical possibilities for this very serious condition, a direct bilateral approach to
the aneurysms, even unruptured 59.20.29 started to be widely used and this marked the
beginning of the third period in the history of multiple aneurysms, Even though today
the direct approach to intracranial aneurysms is considered to be the treatment of
choice by most specialists, problems are still extant with respect to the conduct to be
adopted for patients with this condition because of the diversity of factors involved,
as aqe, general condition, associated pathologies, was there subarachnoid hemorrhage?,
what aneurysm ruptured?, when to operate?

The objective of the present paper is to report our experience with the
treatment of a group of patients with multiple aneurysms and to describe our conduct
with respect to this pathology based on the evolution of these cases.

MATERIAL AND METHODS

We analyzed retrospectively the medieal records of 42 patients admitted to the University
Hospital of the Faculty of Medicine of Ribeirio Preto with a diagnosis of multiple aneurysms
and submitted toc surgical treatment from January 1975 to March 1986, These 42 patients
corresponded to 17.8% of all patients operated for intracranjal aneurysms at the University
Hospital during this period. Arterial hypertension was a frequently associated pathology
in these cases. Table 1 shows patient distribution by age and frequency of arterial hyper-
tension by sex. The patients were considered to have arterial hypertension when there
were signg of this condition before the subarachnoid hemorrhage (SAH) episode. Twenty
eight patients were white, and 14 were black. Thirty one patients had 2 aneurysms (15
untlateral and 16 bilateral), 6 had 3 (2 unilateral and 4 bilzteral), 3 had 4 ({(bilateral), and
2 had 5 (bilateral). The patients were distributed as follows according to the number and
anatomical distribution of the aneurysms (29):

Group 1 — Unilateral Double Aneurysms (17): A, internal carotid-middle cerebral arteries
(5); B, internal carotid-anterior communicant arteries (1); C, middle cerebral-anterior commu-
nicating arteries (4); D, middle cerebral-distal anterior cerebral arteries (1); E, two aneu-
rysms on the same trunk (5); F, internal carotid-basilar arteries (1).

Age (years)
20-3¢ 30-40 40-50 50-60 60-70 Total
Sex
N AH N AH N AH N AH N AH N A
Male 5 i] 0 3 2 2 2 0 0 1 ] ]
Female 4 2 2 3 B 4 1 5 0 1 12 15
Total g 2 2 & T 6 3 5 0 2 21 21
11 8 13 8 2 42
Teble 1 — Age distribution of patients with multiple aneurysms and frequency of arterial

hyperiension in relation to sex. N, normolensive; AH, artericl hypertensive,
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Group 2 — Symmetrical Bilateral Double Aneurysms (10): A, internal carotid arterics (9);
B, middle cerebral arteries (I1).

Group 3 — Asymmetrical Bilateral Double Aneurysms (4): A, internal carotid-middle cerebral
arteries {(4).

Group 4 — Three or More Aneurysms (11): A, unilateral (3); B, bilateral (8).

The 42 patients showed 102 aneurysms distributed as follows: 61 on the internal intra-
cranial carotid artery, 27 on the middle cerebral artery, 8 on the communicant-anterior
cerebral complex, 3 on the basilar artery, and 2 on the distal anterior cerebral artery. The
diagnosiz of multiple aneurysms was made by angiography in 39 cases, owing to further
bileeding in 2 cases, and at autopsy in 1 case. The paticnts were classified clinically by
the system of Hunt and Hess (13),

RESULTS

Clinical manifestations — All patients suffered one or more SAH episodes before hospi-
talization, Fourteen patients were hospitalized during the first 2 days after the hemorrhage,
23 by the 5th day, 27 by the Tth day, 37 by the 20th, and 3 after the 20th day. The
clinical manifestations observed during or after SAH were sudden headache in 40 patients,
neck stiffness in 39, loss of congciousness in 10, mental confusion in 8§, drowsiness, hemipa-
regis and lesion of the IIT cranial nerve in 6, convulsive seizure in 3, blurred vision in 2,
papillary edema in 1, and decreased visual acuity in 1. In § cases the SAH episode was
related to phygical effort (2 while washing clothes, 1 during coltus, 1 during evacuation,
and 1 while jumping off a truck), Upon admission, 11 patients were classified clinically as
grade I, 12 as grade II, 15 as grade IIT, and 4 as grade 1IV.

Preoperative evolution — All patients were maintained under conditions of absolute
rest in bed, medicated with antihypertensive drugs and laxatives when necessary and sedated
with barbiturates, phenothiazine or benzodiazepine drugs. Pericdic punctures were performed
to extract cerebrospinal fluid (CSF) and when hypertension was present a sufficient volume
was removed to reduce the initial CSF pressure by half. After the gystematic adoption of
these measures, one suffered further bleeding on the 5th day post-hemorrhage, and ancther
who had refused surgical treatment suffered a new hemorrhagic episode 22 Qays after the
first {(while at home). During the preoperative period, vasoespasm was suspected in 4
patients; in 1 there was angiographic confirmation, and in the other 3 the CSF puncture
negative for bleeding and the clinical evolution suggested this occurrence, Three patients
evolved well ‘with the use of plasma expanders, and the other showed serious sequelae
(behavioral disturbances and brachial and crural dipiegia). Paticnt evolution after admission
was stable or favorable and immediately before surgery 29 patients were grade I, 7 were
grade II, and 6 grade III.

Angiography -— In most cases, preoperative angiography was performed late in relation
to the SAH (3 between the 1st and 5th day, 7 between the Gth and 10th day, 11 between
the 11 th and 15th day, 7 between the 16th and 20th dcoy, 6 between the 20 th and 25th
day, and 8 after the 25th day). Thirty two patients were submitted to bilateral carotid
angiography, 1 to unilateral carotid angiography, and 9 to bilateral and vertebral ecarotid
angiography. In 10 patients, vertebral angiography was performed during the postoperative
period together with the control carotid angiography. In the 23 patients submitted to bila-
teral carotid angiography, 91 aneurysms were detected, and in the 19 patients submitted to
vertebral angiography, 1 aneurysm of the basilar artery was detected. In a female patient
submitted to unilateral earotid angiography, one aneurysm was detected and the patient
died 6 months later due to a new SAH. The bilateral carotid angiography performed at
this time showed an aneurysms of the contralateral internal carctid which had bled, and
the previous aneurysm was excluded from the circulation with a clip. During surgery,
one additional aneurysm of the intracranial carotid artery was detected in 3 patients. These
aneurysms had not been detected by angiography. In 2 other patients, one aneurysm of
the middle cerebral artery and one of the carotid bifurcation, which had not been visualized
when the angiography was first analyzed, were respectively identified at autopsy and during
the review of the angiography during the preparation of the present study, In 1 patient
with 3 angiographyeally suspected aneurysms, one which was thought to be located on the
intracranial carptit artery was not detected during surgery. In 2 cases, bilateral carolid
angiography revealed only 1 aneurysm., Omne of these patients had an aneurysm of the left
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middle cerebral artery and a small 2 mm aneurvysm on the internal carotid artery close 1o
poslerior ecommunicating artery which increased in s.ze and ruptured 11 months later. The
other patient had an aneurysm of the anterior comimunicant artery and died 24 days after
clipping: autopsy revealed the presence of 1 aneurysm of the middle cerebral artery (which
had not been visualized angiographically) and 2 of the basilar artery (which was not
explored angiographically). Bilateral vasospasm was chserved in 4 cases and a unilateral
one in 8, Of these 12 patients, only 1 was submitted to angiography during the first week
{on the day of bleeding bhecause of a suspected intracerebral hematoma), whereas the other
11 were submitted to angiography between the 8th and 15th day (7) and after the 15th
day (4). In 7 cases, after vasospasm, control angiography was rcpeated with a minimum
6-day interval ard a maximum 22-day interval afier the first, and in 2 cases the vasocspasm
still was present, Two hematomas of the “ylvian fossa amoug 3 detected at surgery had
been suspected angiographically and resulted from the rupture of 1 ancurysm of the middle
cerebral artery and of 1 aneurvsm of the internal earotid artery (as confirmed at surgery).
Nine patients showed signs of bilateral and symmetrical hydrocephalus during the {first
angiography, and 3 of them reguired a ventriculoperitoneal shunting.

Identification of the ruptured aneurysm — Tor 32 of the 40 patients whosc angiographies
showed more than 1 aneurysm it was possible to suspect which aneurysm had bled. In 16
of these cases the suspicion was confirmed during surgery, in 12 no signs of bleeding were
ohserved during surgery, in 1 the aneurysm that bled was not the suspected one, and in
another the side of the suspected aneurysm was not surgically explored (the patient died
after the first surgery). In 2 cases identification was impossible because of the proximity
of the aneurysms. In 8 patients for whom angiography did not permit a prediction of
which aneurysm had ruptured, the identification was made by signs of bleeding during
surgery in 2, and identification was not possible in the remaining 6 duc to the absense of
signs of bleeding or to the proximity of the aneurysms. Of the § patients who showed
hemiparesis of brachio-facial predominance, rupture of an aneurysm of the middle cerebral
artery was confirmed during surgery in 1, the identification was not possible due to the
absense of signs of bleeding or to the proximity of the aneurysms in 3, and the suspected
side was not surgically explored in 1 (there was an aneurysm of the internal carotid artery
on the suspected side put the patient died after the first surgery performed to clip 2
aneurysms on the opposite side). In 1 patient, the suspected rupture of an aneurysm of the
posterior communicant artery owing to the presence of a lesion of the III cranial nerve
was confirmed surgically. In 1 patient who suffered a lateralized seizure the suspected
affected side could not bhe confirmed because there were bilateral aneurysms and no signs
of blecding were found during the surgical acts. In 4 cases it was not posshile to suspect
which aneurysm had bled on the basis of clinical history, angiography or surgery.

Surgeries — The 42 patients were submitied to 57 craniotomies (uni or bilateral)
for a direct approach to, and clipping of the aneurysrms. Burgical sccess was by fronto-tem-
poral {pterional)(34) craniotomy in all cases bui 1, who was submitted to frontal medial
craniotcmy to approach an aneurysm of the anterior communicant artery, and another who
was submitted to wide fronto-temporal craniotomy going beyond the midline to approach
an aneurysm of the agnterior communicant artery and sn aneurysm of the distal anterior
cerehral artery. During dissection of the aneurysm, arterial hypotension controlled with
sodium nitroprusside was used routinely (mean arterial pressure around 60 mm/Hg). A
lumbar puncture wag performed in all cases at the beginning of the surgical procedure
and a coupled catheter was left in place for CSF removal if necessary to facilitate retraction
of the brain, Surgery was performed before the 10th day after hemorrhage in 2 patients,
from 11 to 20 days in 14, from 21 to 30 days in 14, from 81 to 40 days in 8 and after
the 11st day in 4, Of the 24 patients with bilateral aneurysms, 15 were submitted to
bilateral craniotomy to approach all of them, and the remaining 9 were submitted to unila-
teral craniotomy. Three died after the first surgery, 2 refused the second surgery, 2 are
currently waiting for the second surgery, 1 was submitted te unilateral angiography due to
lesion of the III ¢ranlal nerve and an aneurysm on the opposite side was not identified,
and 1 was submitted to common carctid ligation in the neck due to a contralateral aneurysm.
In 4 of the 31 eraniotomies performed for direet approach to and clipping of the aneurysms,
thig objective was not achieved. In 2 patients with large ancurysms of the internal carotid,
the neck was partially subdural and the aneurysms ruptured during dissection; hemostagis
was obtained by placing a clip which compressed hoth the neck of the aneurysm and the
carotid, In another patient who had two aneurysms very close to each other (bifurcation
of the carotid artery and beginning of the middle cerebral artery), owing to rupturc of the
aneurysm of the bifurcation of the carotid artery during dissection, a clip was applied
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compressing the neck of the ancurysm of the bifurcation and the initial portion of the
middle cerebral artery, thus excluding both aneurysms from the circulation. Anastomosis
of the superficial temporal with tke middle cerebral artery was then performed successfually.
The fourtl: patient had a sessile ancurysm of the left middle cerebral artery which was
submitted te trapping. In the 15 patients submitted to bilateral craniotomies, the second
surgery was performed during the same hospitalization in 11 cases at intervals of 0 to 25
days between the first and the second intervention. The 4 other patients were discharged
and returned for the sccond operation 36 days and 2, 7 and 13 months after the first,
respectively. In the 18 patients with unilateral aneurysms all the jesions were clipped,
except for 1 aneurysm of the carctid Dbifurcation which was identified only during revision
of the angiographies in the course of the present study. In 21 of the 57 craniotomies
performed in the 42 patients, SAH signs were observed and in 15 of these it was possible
to identify the aneurysm that bad bled. On 6 occasions it was not possible to identify
which of the aneurysms ruptured despite signs of hemorrhage because of the proximity
of the aneurysms. Two patients were submitted Lo wventriculoperitoneal shunting due to
hydrocephalus before approaching the aneurysms, and 1 after appproaching them. A female
patient was submitted to external ventricular shunting to relieve intracranial hypertension
after a hemorrhage caused by an aneurysm of the right internal carotid artery which
occurred 5 months after clipping an aneurysm of the left internal carotid artery.

Postoperstive complications — Twenty two pgtients were submitted to postoperative
angiography to determine the position of the clips or to diagnose complications. These
angiographies were performed from the 1st to the 34th postoperative day, and predominantly
from the Tth to the 12th day (12 cases), Control angiography showed partial clipping of
the aneurysmal neck in 2 cases, expansive lesions of the temporal lobe (edema or contusion)
in 4 cases, only one of whom required surgical intervention, a postoperative extradural
hematoma in 1 patient, and vascspam in 2 (8 and 9 days after surgery). Four patients
were submitted to postoperative computerized tomography; one for control and three for
a suspected expansive process. Edema and contusion of the temporal lobe were found
in 2 patients, a fronfal intracerebral hematoma occurring after surgery for an aneurysm of
the anterior communicant artery was found in 1 and required surgical draining, and a
small hematoma in the Sylvian fissure with no clinical manifestations was found in 1. Four
patients were recperated immediately after the first surgery for clinically suspected expansive
damage (3 in the temporal tobe and 1 in the frental lobe), with an intratemporal hematoma
being detected in one of them and cerebral contusion and e¢deman in the others. One patient
wag reoperated 7 months after the first surgery for repositioning of the clip which
partially nceluded the neck of an aneuryvem of the internal carotid artery. A total of 8
patients had to be recperated due to surgical complieations. COne was rcoperated 3 times
due to extradural hematoma, extradural abscess and cranioplasty, 1 was reoperated twice
because of cerebral edema and cranioplasty, 3 were reoperated once due to cerebral edema,
1 was reoperated once due to iniracerebral hematoma, and 1 was reoperated once Ifor
repositioning of the clip.

Postoperative clinical evelution — Of the 15 patients out of the 24 with bilateral
aneurysms who were operated bilaterally, 14 are currently asymptomatic after a foliow-up
of 6 months to 6 years and 8% months (mean: 30 months), and 1 has heminaresis 8 months
after surgery. Of the remaining 9 patients, 4 died after the first surgery, 3 refused a
second surgery (2 of them are asymptomatic after 5 years and 2 years and 9 monihs,
respectively, and one has a full hemiparesis as a sequela occurring 8 years and 9 months
ago), 1 is waiting for a second surgery and has been asymptomatic for 2 years and 8§
menths, and 1 who was submitted to one side craniotomy and to ligation of the contra-
lateral carotid artery has heen asymptomatic for 2 years, Twelve of the 18 patients with
unilateral aneurysms are asymptomatic after a follow-up of 7 months to 8 wyears and 6
months {(mean: 82.9 months), 1 has a hemiparesis 6 years after c¢lipping of an ancurysin
of the middle cerebral artery, 1 has diplegia and behavioral discrders resulting from a
preoperative vasospasm and 4 died after surgery.

Mortality -— Overall mortality was 19¢ (8 paticnts), with identical percentages for
individuals with hilateral and unilateral aneurysms. Intraoperative mortality was 11.9%.
Fetnale mortality was 25.8% (7 patients) and male mortality was 6.879 (1 patient), Three
of the patients with double aneurysms died (27.3%). Mortality was 21.6¢% among the patients
submitted to unilateral craniotomy, and zero among those submitted to bilateral craniotomy.
Among the 8 patients who died, the ecause was postoperative complications for 3, a new
episode of SAH for 3, & probable SAH for 1, and 1 died during the induction of anesthesia
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for a control angiography. Awutopsy of this patient showed, in addition to a eclipped
aneurysm of the anterior communicant artery, an aneuryszm of the left m.adle cerebral
artery and 2 sessile aneurysms of the trunk of the basilar artery. Three patients died
later of causes not related to SAH or to surgery, 4 vears and 3 wonths, 4 years and 8
months and 4 years and 11 months after the first surgery, respectively. Intraoperative
mortatity has been zero for the last § years,

COMMENTS

The percentage of mulfiple ancurysms observed in the present cases (17.8¢%)
agrees with values reported for large series 5-7.9,10,17-24,28,29,32,35,36, The predominance
or female patients (04.3%%) has been reported by most authors 182225 though some
have reported male predominance 11,28,35. The hignest incidence of multiple aneurysms
occurred during the 5th and 6th decades (509:), in agreement with observations
reported in the literature 1%,21,22,28,3G,32,35 and similar to the distribution of single
aneurysms %:16,35,36, Pouyanne et al2® have reported several pathologies that may be
associated with multiple aneurysms, such as arterial hypertension, polycystic kidneys,
aortic coarctation, anatomical variations in the circle of Willis, arteriovenous aneu-
rysms, Usler disease. Among them, the most important is arterial hypertension, whose
frequency of association with multiple aneurysms varies from 7 to 449 13,18,21.23,28, and
is higher than in patients with single aneurysms 2425, In the present study we obser-
ved arterial hypertension in 50¢ of all cases, with predominance among women. Pa-
tients with muuple aneurysms show 2 aneurysms in 30 to 959 of the cases and 3 or
more in 50¢ 1,011,12,16,15,21,28.23, and their localization varies from 19.2 to 469% in
the middle cerebral artery, 31 to 699 in the internal carotid artery, 9.8 to 34% in the
anterior cereoral-anterior communicant artery complex and up to 3% in the posterior
circulation 282128, This wide variation is explained by the different research approa-
ches (autopsy, angiography or surgery}, by the number of vessels studied in the
anglogram and by the ditferences among populations. Among our patients, 73.8%
had aouble aneurysms, and 26.19% had 3 or more, distributed as follows: 59.8%
i the internal carotid artery, 26.5% in the middle cerebral artery, 8.8% in the anterior
cerebral-anterior communicant artery complex, 2.9¢% in the posterior circulation, and
2% in the distal anterior cerebral artery, in agreement with the averages reported in
the literature,

During the preoperative period the patients were submitted to standard clini-
cal treatment (bea rest, sedation and antihipertensive medication when necessary).
Other measures taken were repeated CSF punctures to relieve intracranial hipertension
in patients without signs of expansive damage and also to accelerate removal of blood
from the CSF, which is known to be a spasmogenic factor. These measures were
taken at varying intervals according to pressure levels and to the appearance of the
CSF during the preceding puncture and to clinical symptomatology (intensity of neck
stiffness and of headache). In most patients the punctures were followed by immediate
relief of the headache and improved the consciousnes level. No complications occurred
with the use of repeated punctures that reduced by half the initial liquor pressure,
even though theoretically a decrease in intracanial pressure may favor further bleeding.
With the systematic use of these measures, only 1 episode of further bleeding occurred
in 1 hospitalized patient and in an outpatient who had refused surgery.

Bjorkensten and Halonen? reported 22% multiple aneurysms in patients with
SAH whose 4 cerebral vessels were explored angiographically. Perret and Nishivka 26
observed an average of 199 multiple aneurysms when analysing the angiographies
included in the Cooperative Study of Aneurysms and Subarachnoid Hemorrhage and
found no obvious correlation between the ifrequency of aneurysms and the number
of vessels visualized angiographically. We believe that the angiographic visualization
of the 4 vessels is important in the diagnosis of multiple aneurysms on the basis of
the relatively high frequency of these cases and of our observations with SAH whose
angiography was incomplete and who later suffered a new SAH due to rupture of
another aneurysm. The first carotid angiography for each patient was most often
performed at the end of the second or third week after SAH, with an attempt made
to avoid the critical phase of vasospasm (which was observed in 334 of all cases).
Perret and Nishioka 26 reported a slight increase in diagnostic positivity when angio-
graphy is performed during the second week in relation to the first, although a greater
number of complications occurred in the delayed angiographies when compared to
those performed during the first week,
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A ruptured aneurysm can be identified by clinical signs, by the EEG 49 by
angiography 1.11,1421,32 and by computerized tomography 1.2.21.32, as well as intra-
operative observation. Paralysis of the oculomotor nerve identifies the presence of
a ruptured aneurysm in 1009 of cases, aphasia in 80%, and lateral motor defi-
ciency in 649% (Martilla and Heiskenen, quoted by Pouyanne et al29). Homolateral
hemiparesis should be attributed to a particular arrangement of the circle of Willis
associated with the corresponding arterial spasm 22, Bleeding of an aneurysm of the
middle cerebral artery was confirmed surgically in 209 of the present patients who
showed hemiparesis with bragquiofacial predominance (the proximity of the aneurysms
did not permit identification of the ruptured aneurysm in the others) and ruptures of
aneurysms of the posterior communicant artery were confirmed in the 6 patients who
showed damage to the oculomotor nerve. Angiographic identification of a ruptured
aneurysm was possible in 58 to 964 of cases 11121 on the basis of the following
criteria: presence of hematoma, size shape and irregularity when contrast was
used, physiologiczl changes in the circulation such as spasms, and variation in shape
in repeated angiographies 142223 |n the present series, these features permitted a
suspected diagnosis of ruptured aneurysm in 76.2¢: of cases, 50% of which were
coufirmed during surgery. In 3.1 of cases the bleeding aneurysm was not that
suspected on the basis of angiography, in 37.5¢ there was no sign of bleeding du-
ring surgery, and in 3.19, the suspected side was not explored. The observation
of intracerebral hematomas did not always permit the identification of a ruptured
aneurysm, since in one case there were 2 very close aneurysms whose morphelogical
characteristics were similar (hematoma of the Sylvian fossa). I[dentification of a ruptu-
red aneurysm was also impossible in 75% of cases in which a tentative angiographic
diagnosis could not be made because of the proximity of the aneurysms or because
there were no signs of bleeding. probably owing to delayed surgical intervention, An
angiographically detected vasospasm did not contribute significantly to the locali-
zation of the ruptured aneurysm. Computerized tomography can detect SAH at high
frequency during the first days 22123 and locate the ruptured aneurysm in 459% of
cases 21 on the basis of the presence of localized blood collections or of contrasting
of the aneurysm 21.28, On the basis of clinical and arteriographic signs, Martilla and
Heiskenen, quoted by Pouyanne et al29 obtained 97% identification of a ruptured
aneurysm, Almaani and Richardson! obtained 77.3¢; using angiography, EEG and com-
puterized tomography, and Nehls et al.2l obtained 97.5¢ using clinical signs, angio-
graphy, EEG, and computerized tomography. In 11.9¢% of the present cases the
ruptured aneurysm could not be identified on the basis of clinical signs, angiography
or surgical observation.

Patient treatment was based on clipping all the aneurysms using a unilateral
approach (starting with the ruptured one) when the aneurysms were unilateral or
when some of them were located along the midline. and using a bilateral approach at
different times when the aneurysms were bilateral, as recommended by several inves-
tigators 14.19.20,28.31,  In 3 cases we were unable to clip exclusively the aneurysms,
with the need to perform a trapping in 2 of them and clipping the carotid artery
close to the aneurysm, whose neck was partially infraclinoid, in the other. The pos-
toperative  complications observed resulted for the most part from contusion and/or
localized edema of the brain parenchyma, especially the temporal lobe, during retraction
for opening the Sylvian fissure and exposing the middle cerebral artery (6 contu-
sions/edemas and 2 intracerebral hematomas, 4 and 1 of which respectively caused
clinical problems requiring surgical intervention). The vasospasm observed in 2
cases in the control angiography had no clinical repercussions. The risk of enlar-
gement and rupture of an aneurysm whose neck was partially clipped has been reported
by Drake and Vanderlinden8. In the 2 cases in which the neck of an aneurysm was
partially clipped, one was reoperated for clip repositioning and the other patient died
before reoperation.

The long-term evolution (more than | year) of patients with multiple aneurysms
submitted to treatment by direct intracranial approach is considered good (without
neurological deficits) or satisfactory (with minimal neurological deficits that do not
interfere with work) in 33.8¢% to 94% of cases 11,10.20.28 varying according to the
number of aneurysms treated and the clinical condition of the patient1%20.28. Among
the present patients whose aneurysms were all clipped (only 2 with a follow-up of less
than one year), postoperative evolution was good in 78.8¢., satisfactory in 6.19%), poor
in 3.09, and 12.19, died. Nine patients underwent partial unilateral surgeries, Four
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of them are doing well (44.4¢4), 1 is doing satisfactorily (11.19%), and the remaining
4 died after the first surgery (44.4¢). Our overall results were good in 71.49% of
cases, satisfactory in 7.19%, poor in 2.4%, and 19.09% died.

The natural evolution of patients with multiple aneurysms involves 56 to 64%
mortality 15,18,25, in contrast to intraoperative mortality, which varies with clinical
condition of the patient and number of aneurysms operated — 8 to 509 %1218 — even
though some investigators have reported zero mortality 19.20. The conduct of direct
intracranial approach to multiple aneurysms, including unruptured symptomatic and
incidental ones 14,19,20,25,29,81 has been progressively adopted, although other authors 12
have doubted that a better prognosis is obtained when the patient is submitted to a
second intervention to reach unruptured aneurysms. All but one of our patients were
deliberately operated after 10 days from the SAH episode, a time when operative morta-
lity and morbidity are lower13. Most of the patients (85.7¢%) were operated while
in clinical grade I or I (“good risk”) but there was no relationship between morta-
lity and operative evolution and clinical preoperative condition. Overall mortality in
the present series was 199 and surgical mortality was 11.9¢%, values that are com-
patible with those reported in the literature. Overall and surgical mortality were pre-
dominant among women (25.9 and 14.8%, respectively, vs. 6.7 and 6.7¢% for men), in
contrast to the surgical mortality reported by Paterson and Bond 2, which was 47%
for women and 5259 for men. Overall mortality was higher also among patients
with more than 2 aneurysms (30.4%) than among patients with 2 aneurysms (12.9¢%).
Three patients died of commonly occurring postoperative complications (pulmonary
infection and cardiopathy) and 1 died during the induction of anesthesia. In one of
these patients, who was operated upon for a sessile aneurysm of the left internal
carotid artery, the clip applied to the ancurysm, which was properly placed during
surgery, was found to be loose at autopsy, showing that for these types of aneurysms
methods other than direct clipping are often necessary.

The occurrence of further bleeding due to rupture of another aneurysm in
patients with multiple aneurysms who suifered a previous ruptured aneurysm treated
by a direct approach has been reported by several investigators12.20.28.  Heiskenen
and Martilla 12 observed further SAH in 10% of these cases, with 37.5% mortality
over a period of 4 months to 11 years. Drake and Vanderlinden8, in a study of the
delayed counsequences of incomplete surgical treatment of aneurysms (partial clipping
of the neck of the aneurysm), noted that the partially clipped aneurysm may become
enlarged and rupture. In one of the cases in which a further bleeding episode
occurred, this was due to the rupture of another undiagnosed contralateral aneurysm,
and the other was due to the rupture of lobulations observed in the middie cerebral
artery and close to the clipped aneurysm, or to the rupture of a contralateral aneu-
rysm, since the previous angiography had shown a bilateral vasospasm and aneurysms
on one side only. The former case represents important evidence for the need of
full brain angiography in patients showing one aneurysm, and in the latter the angio-
graphy may have becn erroneously interpreted in the presence of a vasospasm. In
another patient submitted to clipping of the neck of a paraclinoid aneurysm and
whose clip also occluded the carotid artery, the new hemorrhage may have been
caused by the rupture of a contralateral non-operated aneurysm or by partial clipping
of the paraclinoid aneurysm. In the remaining patient, the new bleeding episode
occurred because of the rupture of a small (less than 2mm) ancurysm of the emer-
gence of the posterior communicant artery which increased in size and ruptured 11
months after surgery for a contralateral aneurysm and which motivated angiographic
follow-up every 6 months to 1 year of these patients and of those with infundibular
dilatation of the posterior communicant artery, as recommended by Moyes 20,

- Conclusions — After analyzing the behavior and evolution of a group of
patients with multiple aneurysms who had an episode of subarachneid hemorrhage
and were treated by intracranial approach te, and clipping of the aneurysms, we
summarize the conduct adopted in these cases. 1) After SAH diagnosis by examination
of the CSF, the patient is maintained under absolute rest, sedated and medicated
to control arterial pressure when necessary. 2) Angiography is performed during the
second or third week after the hemorrhage, except in cases of suspected hematoma or
vasospasm. Over the last 2 years, patients in this situation have been submitted to
computerized tomography. Bilateral carotid angiography and at least one vertebral
angiography are performed routinely before or after surgery. 3) Once the multiple
aneurysms have been identified, we indicate treatment of all aneurysms by a direct
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approach and by neck clipping whenever possible, generally starting with the ruptured
aneurysm, wiich is evidenced by clinical and angiographic manitestations. 4) Uni-
lateral znd midline aneurysms are approached by a single craniotomy during the same
surgical infervention and the bilateral aneurysms are operated upon in two phases.
Whenever possible, the second approach was made soon after appropriate healing of
the first. 5) Sugery is performed at the end of the second or during the third week
after the bleeding episode, with patients in grades I and [l or stabilized in grade IIL
The usual approach is pterional craniotomy and microsurgical techniques are em-
ployed. 6) The patients showing small aneurysms or infundibular dilatation of the
posterior communicant artery homolateral fo another aneurysm are systematically
explored during the surgical intervention. When these changes are cont{alateral, the
patients are followed by periodic angiography at 6-month to I-year intervals for
evaluation of their evolution.
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