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S U M M A R Y — A re t rospect ive s tudy was conduc ted on 42 pat ients wi th mul t ip le aneurysms 

surg ica l ly t reated f r o m 1975 to 1986. Th i r t y one o f them had 2 aneurysms 6 had 3, 3 had 

4 and 2 had 5 (62 in the internal carot id , 27 in the midd le cerebra l ar tery, 11 in the 

anter ior cerebra l and 3 in the basi lar a r t e r y ) . A l l pat ients had subarachno id hemor rhage 

and w e r e classif ied as f o l l o w s upon a d m i s s i o n : 11, g rade I ; 12, g r ade I I ; 15, g rade I I I , 

and 4, g rade IV , and m o s t o f them improved be fo re su rge ry (29, g r a d e I, 7, g r a d e I I , 

and 6, g rade I I I ) . In m o s t cases, su rge ry w a s de l ayed and the 42 pat ients needed 57 

c ran io tomies fo r c l i pp ing the aneurysms . Of the 24 pat ients w i th bi lateral aneurysms, 

15 were opera ted on bo th sides (11 are a symptomat i c , 1 has hemipares is , and 3 d ied la ter ) . 

Of the 9 patients submi t ted to unilateral c r an io tomy , 4 d ied and 5 are a l ive and wel l . Of 

the 18 patients wi th unilateral aneurysms, 11 are a symptomat ic , 2 have hemipares is , 1 has 

d ip legia and behaviora l d i sorders , and 4 d ied . Overal l mor ta l i ty w a s 26.1%, in t raoperat ive 

mor ta l i ty w a s 11.9%, and no mor ta l i ty occu r r ed a m o n g the patients opera ted ove r the last 

5 years . T h e managemen t o f the these pat ients is d iscussed. 

Tratamento cirúrgico de aneurismas intracranianos múltiplos. 

R E S U M O — F o r a m anal isados re t rospect ivamente 42 pacientes c o m aneur ismas múl t ip los 

(17,8% d o total de pacientes c o m aneur i smas) a tend idos no pe r í odo de 1975 a m a r ç o de 

1986. V in te e sete e ram d o s e x o feminino e 15 d o mascul ino , c o m idade var iando da 

terceira à sé t ima décadas . Tr in ta e u m pacientes t inham 2 aneur ismas (15 uni e 16 bi la tera is ) , 

6 t inham 3 (2 uni e 4 b i la tera is ) , 3 t inham 4 ( t odos bi la terais) e 2 t inham 5 (b i la tera is ) , 

to ta l izando 102 aneur ismas (61 na caró t ida interna, 27 na cerebra l média , 9 no c o m p l e x o 

cerebra l an te r io r / comunican te anterior , 3 na basi lar e 2 na cerebra l anter ior d i s ta i ) . T o d o s 

os casos fo ram in ternados p o r hemor rag ia subaracnó idea e 11 fo ram c lass i f icados em grau 

I, 12 e m g rau I I , 15 e m grau I I I e 4 e m grau I V na in ternação. Os pacientes fo ram 

man t idos e m repouso absolu to , s o b sedação e a evo lução p ré -opera tó r ia m o s t r o u melhora 

c l ín ica d a maior ia d o s pacientes (29 ope rados e m g rau I, 7 em grau I I e 6 em grau I I I ) . 

A c i ru rg ia foi real izada tardiamente na maior ia d o s casos (28 entre o 11o e o 30o d ia) e 

os 42 pacientes fo ram submet idos a 57 c ran io tomias para c l i p a g e m dos aneurismas. D o s 

24 pacientes c o m aneur ismas bilaterais , 15 f o r a m ope rados d o s do is lados (11 estão ass into

mát icos e 1 c o m hemipares ia e 3 fa leceram tard iamente po r outras causas que não hemor 

ragia suba racnó idea ) . D o s 9 pacientes submet idos a c ran io tomia unilateral , 4 fa leceram e 

5 estão b e m . D o s 18 pacientes c o m aneur i smas unilaterais, 11 estão ass in tomát icos , 2 apre 

sentam hemiparesia , 1 apresenta d ip leg ia e d i s tú rb ios do c o m p o r t a m e n t o e 4 fa leceram. A 

mor ta l idade g loba l foi de 26,1% durante t o d o o seguimento , a mor ta l idade opera tór ia foi 

11,9% e não houve mor ta l idade nos casos ope rados nos ú l t imos 5 anos . A condu ta p r e c o 

nizada para o t ra tamento destes pacientes é discut ida. 
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Multiple aneurysms 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% 5-7,9-11,17,20,22,23,25,28,29,35.36. Pouyanne et al.29 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 
fjained 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 aneurysm n > 2 8 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 19.20,29 ; 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 age, 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 Datients with multiple aneurysms and to describe our conduct 
with respect to this pathology based on the evolution of these cases. 

MATERIAL. A N D M E T H O D S 

W e analyzed retrospectively the medical records of 42 patients admitted to the University 
Hospital of the Faculty of Medicine of Ribeirão Preto with a diagnosis of multiple aneurysms 
and submitted to surgical treatment from January 1975 to March 1986. These 42 patients 
corresponded to 17.8% of all patients operated for intracranial 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 signs 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 
unilateral and 16 bilateral), 6 had 3 (2 unilateral and 4 bilateral), 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) 

Sex 
20-30 30-40 40-50 50-60 60-70 Total 

Sex 
N A H N A H N A H N A H N A H N A H 

Male 5 0 0 3 2 2 2 0 0 1 9 6 

Female 4 2 2 3 5 4 1 5 0 1 12 15 

Total 9 2 2 6 7 6 3 5 0 2 21 21 

11 8 13 8 2 42 

Table 1 — Age distribution of patients with multiple aneurysms and frequency of arterial 

hypertension in relation to sex. N, normotensivej AH, arterial hypertensive. 



Group 2 — Symmetrical Bilateral Double Aneurysms (10): A, internal carotid arteries (9); 
B, middle cerebral arteries (1). 

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, 9 on the communicant-anterior 
cerebral complex, 3 on the basilar artery, and 2 on the distal anterior cerebral artery. The 
diagnosis of multiple aneurysms was made by angiography in 39 cases, owing to further 
bleeding in 2 cases, and at autopsy in 1 case. The patients 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 7th day, 37 by the 20th, and 3 after the 20th day. The 
clinical manifestations observed during or after S A H were sudden headache in 40 patients, 
neck stiffness in 39, loss of consciousness in 10, mental confusion in 8, drowsiness, hemipa-
resis and lesion of the I II cranial nerve in 6, convulsive seizure in 3, blurred vision in 2, 
papillary edema in 1, and decreased visual acuity in 1. In 5 cases the SAH episode was 
related to physical effort (2 while washing clothes, 1 during coitus, 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 III , and 4 as grade IV. 

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. Periodic 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 systematic adoption of 
these measures, one suffered further bleeding on the 5th day post-hemorrhage, and another 
who had refused surgical treatment suffered a new hemorrhagic episode 22 days 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 diplegia). Patient 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 S A H (3 between the 1st and 5th day, 7 between the 6th and 10th day, 11 between 
the 11 th and 15th day, 7 between the 16th and 20th day, 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 carotid 
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 carotid 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 angiographycally suspected aneurysms, one which was thought to be located on the 
intracranial carotid artery was not detected during surgery. In 2 cases, bilateral carotid 
angiography revealed only 1 aneurysm. One of these patients had an aneurysm of the left 



middle cerebral artery and a small 2 mm aneurysm on the internal carotid artery close to 
posterior communicating artery which increased m s z e and ruptured 11 months later. The 
other patient had an aneurysm of the anterior communicant 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 observed 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 because 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 repeated with a minimum 
6-day interval and a maximum 22-day interval after the first, and in 3 cases the vasospasm 
still was present. Two hematomas of the Sylvian foasa among 3 detected at surgery had 
been suspected angiographically and resulted from the rupture of 1 aneurysm of the middle 
cerebral artery and of 1 aneurysm of the internal carotid artery (as confirmed at surgery). 
Nine patients showed signs of bilateral and symmetrical hydrocephalus during the first 
angiography, and 3 of them required a ventriculoperitoneal shunting. 

Identification of the ruptured aneurysm — For 32 of the 40 patients whose 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 
observed 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 due to the absense of 
signs of bleeding or to the proximity of the aneurysms. Of the 5 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 but 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 I II cranial nerve 
was confirmed surgically. In 1 patient who suffered a lateralized seizure the suspected 
affected side could not be confirmed because there were bilateral aneurysms and no signs 
of bleeding were found during the surgical acts. In 4 cases it was not possbile to suspect 
which aneurysm had bled on the basis of clinical history, angiography or surgery. 

Surgeries — The 42 patients were submitted to 57 craniotomies (uni or bilateral) 
for a direct approach to, and clipping of the aneurysms. Surgical access was by fronto-tem-
poral (pterional) (34) craniotomy in all cases but 1, who was submitted to frontal medial 
craniotomy 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 anterior communicant artery and an aneurysm of the distal anterior 
cerebral artery. During dissection of the aneurysm, arterial hypotension controlled with 
sodium nitroprusside was used routinely (mean arterial pressure around 60 m m / H g ) . A 
lumbar puncture was 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 31 to 40 days in 8 and after 
the l i s t 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 to unilateral angiography due to 
lesion of the I II cranial nerve and an aneurysm on the opposite side was not identified, 
and 1 was submitted to common carotid ligation in the neck due to a contralateral aneurysm; 
In 4 of the 31 craniotomies performed for direct approach to and clipping of the aneurysms, 
this objective was not achieved. In 2 patients with lar^e aneurysms of the internal carotid, 
the neck was partially subdural and the aneurysms ruptured during dissection; hemostasis 
was obtained by placing a clip which compressed both 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 rupture of the 
aneurysm of the bifurcation of the carotid artery during dissection, a clip was applied 



compressing the neck of the aneurysm 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 the middle cerebral artery was then performed successfully. 
The fourth patient had a sessile aneurysm of the left middle cerebral artery which was 
submitted to 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 second operation 36 days and 2, 7 and 13 months after the first, 
respectively. In the 18 patients with unilateral aneurysms all the lesions were clipped, 
except for 1 aneurysm of the carotid bifurcation 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 had 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 to ventriculoperitoneal 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. 

Postoperative complications — Twenty two patients 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 7th 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 vasospam 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 frontal 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 reoperated immediately after the first surgery for clinically suspected expansive 
damage (3 in the temporal lobe and 1 in the frontal lobe), with an intra temporal hematoma 
being detected in one of them and cerebral contusion and edema in the others. One patient 
was reoperated 7 months after the first surgery for repositioning of the clip which 
partially occluded the neck of an aneurysm of the internal carotid artery. A total of 8 
patients had to be reoperated due to surgical complications. One was reoperated 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 intracerebral hematoma, and 1 was reoperated once for 
repositioning of the clip. 

Postoperative clinical evolution — Of the 15 patients out of the 24 with bilateral 
aneurysms who were operated bilaterally, 14 are currently asymptomatic after a follow-up 
of 6 months to 6 years and 9 months (mean: 30 months), and 1 has hemiparesis 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 months, 
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 
months, and 1 who was submitted to one side craniotomy and to ligation of the contra
lateral carotid artery has been asymptomatic for 2 years. Twelve of the 18 patients with 
unilateral aneurysms are asymptomatic after a follow-up of 7 months to 8 years and 6 
months (mean: 82.9 months), 1 has a hemiparesis 6 years after clipping of an aneurysm 
of the middle cerebral artery, 1 has diplegia and behavioral disorders resulting from a 
preoperative vasospasm and 4 died after surgery. 

Mortality — Overall mortality was 19% (8 patients), with identical percentages for 
individuals with bilateral and unilateral aneurysms. Intraoperative mortality was 11.9%. 
Female mortality was 25.9% (7 patients) and male mortality was 6.67% (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 cause was postoperative complications for 3, a new 
episode of S A H for 3, a probable S A H for 1, and 1 died during the induction of anesthesia 



for a control angiography. Autopsy of this patient showed, in addition to a clipped 
aneurysm of the anterior communicant artery, an aneurysm of the left imadle cerebral 
artery and 2 sessile aneurysms of the trunk of the basilar artery. Three patients died 
later of causes not related to S A H or to surgery, 4 years and 3 months, 4 years and 8 
months and 4 years and 11 months after the first surgery, respectively. Intraoperative 
mortality has been zero for the last 5 years. 

COMMENTS 

The percentage of multiple aneurysms 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 (64.3%) has been reported by most authors 18,22,25 ; though some 
have reported male predominance u.29,35. The hignest incidence of multiple aneurysms 
occurred during the 5th and 6th decades (50%), in agreement with observations 
reported in the literature 18,21,22,29,30,32,35 a nd similar to the distribution of single 
aneurysms »,16.35,36. Pouyanne et a l . 2 9 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, Usier disease. Among them, the most important is arterial hypertension, whose 
frequency of association with multiple aneurysms varies from 7 to 44% 13,18,21,23,28, a nd 
is higher than in patients with single aneurysms 24,25. in the present study we obser
ved arterial hypertension in 50% of all cases, with predominance among women. Pa
tients with multiple aneurysms show 2 aneurysms in 30 to 95% of the cases and 3 or 
more in 5.0% i,o,n,i2,i6,ia,2i,23,2«, and their localization varies from 19.2 to 46% in 
the middle cerebral artery, 31 to 69% 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 w.21,28. This wide variation is explained by the different research approa
ches (autopsy, angiography or surgery), by the number of vessels studied in the 
angiogram and by the differences among populations. Among our patients, 73.8% 
had uouble aneurysms, and 26.1% had 3 or more, distributed as follows: 59.8% 
in 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 (.bed rest, sedation and antihipertensive medication when necessary). 
Other measures taken were repeated CSF punctures to relieve intracranial hipertensión 
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 Nishioka 2 6 

observed an average of 19% multiple aneurysms when analysing the angiographies 
included in the Cooperative Study of Aneurysms and Subarachnoid Hemorrhage and 
found no obvious correlation between the frequency of aneurysms and the number 
of vessels visualized angiographically. W e 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 33% 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. 



A ruptured aneurysm can be identified by clinical signs, by the EEG 4>9, by 
angiography i ,n , i42 i ,32 j and by computerized tomography 1,2,21,32, a s well as intra
operative observation. Paralysis of the oculomotor nerve identifies the presence of 
a ruptured aneurysm in 100% of cases, aphasia in 80%, and lateral motor defi
ciency in 64% (Martilla and Heiskenen, quoted by Pouyanne et a l . 2 9 ) . Homolateral 
hemiparesis should be attributed to a particular arrangement of the circle of Willis 
associated with the corresponding arterial spasm 29. Bleeding of an aneurysm of the 
middle cerebral artery was confirmed surgically in 20% of the present patients who 
showed hemiparesis with braquiofacial 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 96% of cases 1,11.21, on the basis of the following 
criteria: presence of hematoma, size shape and irregularity when contrast was 
used, physiological changes in the circulation such as spasms, and variation in shape 
in repeated angiographies 14,22,23. in the present series, these features permitted a 
suspected diagnosis of ruptured aneurysm in 76.2% of cases, 50% of which were 
confirmed 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 3.1% 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 morphological 
characteristics were similar (hematoma of the Sylvian fossa). Identification 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 2,21,23, and locate the ruptured aneurysm in 45% of 
cases 21, on the basis of the presence of localized blood collections or of contrasting 
of the aneurysm, 21.23. On the basis of clinical and artériographie signs, Martilla and 
Heiskenen, quoted by Pouyanne et al. 2», obtained 97% identification of a ruptured 
aneurysm, Almaani and Richardsoni obtained 77.3% using angiography, EEG and com
puterized tomography, and Nehls et al. 2 i 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 14,19,20,29,31. 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 Vanderlinden 8. 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 1 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 11.19,20,28, varying according to the 
number of aneurysms treated and the clinical condition of the patient i&,2<>,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 6.1%, poor 
in 3.0%, and 12.1% died. Nine patients underwent partial unilateral surgeries. Four 



of them are doing well (44.4%), 1 is doing satisfactorily (11.1%), and the remaining 
4 died after the first surgery (44.4%). Our overall results were good in 71.4% of 
cases, satisfactory in 7.1%, poor in 2.4%, and 19.0% 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 50% 9.12.18 — even 
though some investigators have reported zero mortality 1 9 , 2 0 . The conduct of direct 
intracranial approach to multiple aneurysms, including unruptured symptomatic and 
incidental ones 14,19,20,25,29,31, 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 lower 13. Most of the patients (85.7%) were operated while 
in clinical grade I or II ("good risk") but there was no relationship between morta
lity and operative evolution and clinical preoperative condition. Overall mortality in 
the present series was 19% 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 21, which was 47% 
for women and 52.5% 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 aneurysm, 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 suffered a previous ruptured aneurysm treated 
by a direct approach has been reported by several investigators 12,20,28. Heiskenen 
and Martilla V A observed further SAH in 10% of these cases, with 37.5% mortality 
over a period of 4 months to 11 years. Drake and Vanderlinden 8 , in a study of the 
delayed consequences 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 middle 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 been 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) aneurysm 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 2©. 

Conclusions — After analyzing the behavior and evolution of a group of 
patients with multiple aneurysms who had an episode of subarachnoid hemorrhage 
and were treated by intracranial approach to, 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 



approach and by neck clipping whenever possible, generally starting with the ruptured 
aneurysm, wnich is evidenced by clinical and angiographic manitestations. 4) Uni
lateral and midline aneurysms are approached by a single craniotomy during the same 
surgical intervention 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 II or stabilized in grade III. 
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 to another aneurysm are systematically 
explored during the surgical intervention. When these changes are contralateral, the 
patients are followed by periodic angiography at 6-month to I-year intervals for 
evaluation of their evolution. 
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