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J. LOBO ANTUNES
Serviço de Neurocirurgia. Hospital de Santa Maria. Lisboa.

SUMMARY

Diagnostic and therapeutic management options in cases of subarachnoid hemorrhage
secondary to aneurysm rupture are discussed. Particular em~hasis is given to the diagnosis,
medical treatment and timing of surgery. The problems raised by the presence of an intrace
rebral hematoma, acute hydrocephalus and multiple aneurysms are reviewed. The author
also discusses the management of incidental aneurysms, partially treated lesions, familial
and genetic aneurysms, lesions which ruptured during pregnancy or associated with arterio
venous malformations, and the question of a negative angiogram in cases of subarachnoid
hemorrhage.

RESUMO

Decisão clínica na hemorragia subaracnoideia

O artigo revê as várias opções diagnósticas e terapêuticas em casos de hemorragia suba
racnoideia secundária a rotura aneurismática. Dá particular ênfase ao diagnóstico, trata
mento médico, e à data da cirurgia em relação à rotura. Trata ainda dos problemas específi
cos levantados pela presença de hematoma intracerebral, hidrocefalia aguda e aneurismas
múltiplos. Analisa criticamente o problema dos aneurismas assintomáticos, parcialmente
tratados, familiares ou de base genética, ocorrendo durante a gravidez e associados a mal-
formações arteriovenosas. Finalmente discute as implicações práticas da angiografia nega
tiva em casos de hemorragia subaracnoideia.

In this review 1 wiii analyse only management
options in subarachnoid hemorrhage (SAH) secondary
to aneurysm rupture. Intracranial bieeding reiated to
arteriovenous mai~formations, cavernous angiomas,
tumors or other intracranial processes pose different
kinds of questions which are beyond the scope of this
paper.

It is important to emphasize that aneurysmal rup
ture represents about 6.7% of ali strokes, and its ave
rage incidence is about 10 100.000 year 1~ The serious
ness of this condition is weii underiined by the fact
that 10% wili die rapidly, and the global mortality at 3
months is ciose to 50%. Of the survivors, 25% wiii
have a major disabiiity. A significant number of
patients will die or wili be severeiy impaired by the
direct effect of the initial rupture, and these cannot be
helped. However, early diagnosis, and particularly the
recognition of the significance of warning leaks, as
well as an aggressive detection of compiications such
as vasospasm, acute hydrocephalus, electrolyte imba
lances, etc, will certainiy help to improve the bieak
outlook of this condition.

1 have selected a number of aspects of the ciinicai
problem of HSA secondary to aneurysm rupture to

iliustrate some of the important options in the pratical
management ofthese patients. Technical aspects of
surgery or the role of the new endovascuiar procedures
were purposefuliy omitted.

The Diagnosis of SAH

The diagnosis of SAH is a ciinical one, aiways
requiring confirmation through imaging of the neural
structures or examination of the cerebrospinal fluid
(CSF) (Fig. 1).

The first test to be obtained in a patient with a sus
pected SAH is a Computed Tomography of the cra
nium (CT) which is particularly reliabie in the first 72
hours. Indeed, CT is positive in 95% of the cases on
the day of SAH, 90% after one day, 80% after 5 days,
and 50% after one 2

The advantages of an early CT scan are:
It is a reliable diagnostic technique; It may

demonstrate the aneurysm, thus the advantage of
obtaining the study after contrast injection; It may
show the presence of associated lesions such as hydro
cephaius or intracerebral hematomas; It helps in
iocalizing the lesion; It demonstrates the extent of
the subarachnoid ciot, having a predicting value
regarding the subsequent deveiopment of vasospasm.

Lumbar puncture (LP) is indispensable when (‘T is
not available, and when CT is normal or was obtained

* Lição proferida no curso organizado pela European
Association of Neurosurgical Societies, Jerusalem, Setembro
1992.
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Fig. 1 Percentage of positivity of CSF findings and CT
scan during the four weeks following subarachnoid
hemorrhage.

too late after the bleeding episode. It is always prefer
rabie to obtain an LP after CT scan, because of the
possible danger of this procedure. In a series of 100
patients suspected to have suffered an aneurysmal
SAH, 15 had a nonaneurysmal intracerebral hema
toma, 8 of which were in the cerebelium, and one third
of the patients with aneurysms had intracerebral
hematomas ~.

The oniy absoiutely reliable sign of hemorrhage is
the demonstration of xanthochromia in the CSF4. If
necessary it should be documented by spectrophoto
metry. Xanthochromia is due to the presence of oxi
hemaglobin and develops as early as 2 hours following
the event, and may be detected in 100% of the cases if
the puncture is performed after 12 hours. Xanthoch
romia is present in 100% of the cases within 2 weeks of
the bleeding, 70% at 3 weeks and 40% at 4 weeks.

Cerebral angiography should be obtained at the ear
liest convenience. In patients with a history suggestive
of SAH, seen within 2 weeks of the event, who have
normal LP and CT scan the diagnosis of SAH can be
safely excluded. If the patient is seen after this period,
angiography of MRI angiography may be indicated.

Medical Treatment

There are a number of possible medical problems
that arise not only in the preoperative period, but also
following the successful clipping of an intracranial
aneurysm. 1 will focus only the problem of delayed
cerebral ischemia, which is causally linked to vasos
pasm because this is still one of the most severe and
frequent complications of the disease, about which
there is abundant literature, that can be briefly sum
marized in the following way:

1. Vasospasm is caused by the blood degradation
products in the subarachnoid space, among which the
most important is oxyhemaglobin5.

2. Angiographic vasospasm is rarely seen before the
4th day, and will peak around the 7th day. 40-70% of

the patients will have it, but oniy 20-30% will be
symptomatic6. Of these, 50% will make a good
recovery.

3. The risk of delayed cerebral ischemia can be pre
dicted by the amount of blood present in the suba
rachnoid space or in the ventricular system ~‘.

4. Transcranial Doppler techniques are quite useful
in the evaluation of this phenomenon 8•

The following recommendations seem appropriate:
1 The calcium-blocking agent Nimodipine decrea

ses the incidence of delayed ischemia, an effect which
does not depend on a vasodilator action9’1.

II Volume expansion combined with controlled
hypertension and the increase of the cardiac output is
now the method of choice for patients with treated
aneurysms who have developed signs of ischemia I2~

This treatment requires sophisticated intensive care
facilities.

III Antifibrinolytic therapy offers no advantage ~
IV The benefits of extensive subarachnoid clea

ning of clots during early surgery have not yet been
unequivocally demonstrated.

V A number of treatments still in an experimen
tal stage seem to offer some promise, but require
appropriate facilities and well trained teams. These
include:

transiuminal angioplasty; use of thrombolytic
agents by cisternal perfusion, such as urokinase and
tissue plasminogen activator. Preliminary results with
the iatter show improvement in patients in grades 3 to
515

Timing of Aneurysm Surgery

Despite the publication of numerous clinical reports
based on either cooperative studies, or series from sin
gle institutions, this is still a debated topic 13,16-28•

Before a reasonable stand can be taken concerning the
optimal timing for aneurysm surgery, one should con
sider some data that may influence the decision
-making process.

— First of all the percentage of patients who arrive
at the neurosurgical centers within the first 48 hours
following a SAH is still rather limited, even in coun
tries with more advanced medical care. In the USA the
number is 36% 29, and in Amsterdam 30% 30• In Portu
gal, 50% of the patients are admitted within 24 hours,
29% between the 1 and 4 th day, and 21% after the 4 th
day31. In this study the most significant cause of delay
was an error in the diagnosis. It was çlear that the
patients with a more severe neurological status are
admitted eariier.

A rather significant percentage of patients are
immediately impaired by the initial rupture, so the
results in these cases cannot be affected by any deci
sion concerning the timing of surgery. In fact, the
analysis of the causes of morbidity mortality at 6
months in patients with aneurysmal SAH admitted to
North-American centers participating in the Interna
tional Cooperative Study on timing of aneurysm sur
gery reveals the following data22:
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Direct effect of the hemorrhage
Vasospasm
Rebleed
Hydrocephalus
Intracerebral hemorrhage
Surgical complications
Medical therapy complications
Others

Concerning the problem of rebleeding, it should
be emphasized that this is a diagnosis that requires
adequate confirmation which depends, in most instan
ces, on the demonstration of a repeat hemorrhage in
the CT scan.

It is clear that rebleeding occurs more frequently in
patients in poorer grades (25%) than patients in better
grades (9.2%).

Early surgery does not prevent the very early reblee
ding (2-6%) that occurs while waiting for surgery 21•

In my opinion, early surgery is not technically as
simple as delayed surgery, except perhaps for the very
experienced vascular surgeon. In addition, early sur
gery requires the precise coordination of a complete
medical team, which is not always possible.

It is unquestionable, however, that early surgery
prevents further rebleeding, allows a more agressive
treatment of vasospasm and its complications, particu
larly using hypervolemic-hemodilution hypertensive
therapy. Clearing the subarachnoid space of the blood
products, when technically feasible, may also be bene
ficial according to some.

Based on the available literature on the topic and
my own experience, the following recommendations
are advanced:

In patients in good grades (1 or II) (Table 1) early
surgery is clearly favored.

Patients in grade III should probably be operated
early. 1 am particularly concerned about early surgery
for anterior communicating complex aneurysms.

In patients in grades IV or V and evidence of
mass lesion, early surgery is favored.

In patients with poor grades, or medically unsta
bie, late surgery (after day 11) is favored by many.

The most critical time for surgery is the 7-lOth
day, and this period should be avoided.

TABLE 1 Clinical gradmg scale in subarachnoid hemorrhage

Hunt-Hess Scale

1 Asymptomatic or mild headache.
II Moderate to severe headache, nucal rigidity, can

have oculomotor pál’sy.
III Confusion, drowsiness, or mild focal signs.
IV Stupor or hemiparesis.
V Coma, moribund, and/or extensor posturing

Although surgeons with substantial experience in
posterior fossa aneurysms state that the same princi
ples apply to these lesions, 1 believe that the occasional
posterior fossa aneurysm surgeon will have more tech
nical difficulties operating these lesions early (Fig. 2).
It should be stated however, that the timing of
aneurysm surgery should always be a matter of indivi
dual strategy based on the patient status, the nature
and characteristics of the lesion, and personal
experience.

Fig. 2 A Aneurysm of the tip of the basilar artery (arrow). B The aneurysm was excluded with a fenestrated clip. The
posterior cerebral artery passes through the ring of the clip.

13.2%
12.8%
6.7%
1.7%
1.4%
5.2%
0.5%
3.6%
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Aneurysm Rupture Associated With a Large
Intracerebral Hematoma

Angiographic signs (Fig. 3):
focal spasm

focal rnass effect
aneurysrn nipples
the larger one
the one with a more irregular shape
change in shape in successive angiograms (less

helpful)
Using this criteria an accurate diagnosis may be rea

ched in about 97.5% of the cases.
Once the ruptured aneurysrn is identified it should

be operated, and all the accessible ones should be dealt
with in the sarne intervention if technically feasible41.
Here again, individual expertise is of utmost
importance.

The non-treated rernaining lesions should be dealt
with as incidental aneurysms, following the principles
outlined below.

~í~r1U~
FOCAL SPASMWHICH ONE RUPTURF.D?

The presence of a large intracerebral hematoma
secondary to a ruptured aneurysm is observed in about
4-17% of the cases32. Most patients will be grade III or
higher, and quite often this is a life-threatening situa
tion, implying ernergency surgery. The following gui
delines can be offered:

— Patients in grade III or IV of Hunt and Hess
should be operated promptly.

Surgical intervention in grade V patients is quite
debatable. It can be stated, however, that patients with
decerebrate posturing, anisocoria or dilated pupils and
a marked midline shift will practically never survive.
Other factors of bad prognostic significance are
advanced age and coma as the presenting picture.

— It is usually preferrable to evacuate the hema
toma and try to deal with the aneurysm (mortality rate
25-50%), than to evacuate the hematoma only (morta
lity rate 69-100%) ~

When cerebral angiography cannot be obtained
expeditiously it rnay be justified to evacuate the hema
toma and explore the related vessels e.g. the rniddle
cerebral complex and the internal carotid for a tempo
ral lobe clot to look for the culprit ~. The morbidity
and mortality in these situations is always quite high.

Aneurysm and Acute Hydrocephalus

In large series of patients with ruptured aneurysms
the incidence of hydrocephalus is approximately 20%,
which is syrnptomatic in about one third of them 35,36~

The presence of hydrocephalus is an ominous sign,
since there is a higher incidence of rebleeding in these
patients. However, ventricular drainage should be ins
tituted with great parsimony since many of these
patients will improve spontaneously and an increase in
incidence of hydrocephalus and vasospasm in patients
with continous ventricular or cisternal drainage has
been documented 3~’39. The cases should therefore be
considered individually. An acceptable alternative is
the perforrnance of repeat lumbar punctures with care
not to remove more than 15-20 ml at the time and not
to lower the closing pressure below 15 mm H20 ~ 1
personally had a patient whose aneurysm re-ruptured
during a lumbar puncture, probably because of an
increase in the gradient of pressure across the
aneurysm wall.

Multiple Aneurysms

The incidence of multiple aneurysms may be as high
as 30% of the cases. The first question is obviously to
try to find out which one has ruptured, because that
one is the most threatening and has to be dealt with
first. The following criteria are of help ~°:

Clinical signs, particularly focal deficits.
CT (and MRI) evidence of localized coilections

of blood.

FOCAL MASS EFFECT
ANEURYSM NIPPLE

THE LARGER ONE
THE MORE IRREGULAR

Fig. 3 Angiographic findings that help to determine which
aneurysm has ruptured.

Incidental Aneurysms

It is important to emphasize that 1 am referring to
unruptured asymptomatic lesions (Fig. 4). Unruptured
syrnptornatic aneurysms which rnay manifest themsel
ves as intracranial mass lesions or cause neurological
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res in smaller lesions. In such cases it is possible that
partial coilapse or thrombosis of the sac may have
occurred. The risk of rupture of these incidental
aneurysms has been estimated to be about 1-2% year.

With these data in mmd, the following guidelines
appear reasonable 42,43:

aneurysms measuring less than 5 mm should be
followed. Repeat angiography every 2 to 5 years is
suggested.

aneurysms larger than 10 mm should be operated.
aneurysms with sizes between 5 (7 to some aut

hors) and lOmm shouid be considered for surgery,
taking into consideration the surgical risk, the age of
the patient, the characteristics of the lesion, and the
surgeon’s experience.

Partially Treated Aneury~m

Fig. 4 Large incidental anterior communicating aneurysm
(arrow) found initially in a CT scan. On surgery the sac was
heavily calcified and the lesion was wrapped.

symptoms by compression of adjacent structures raise
different therapeutic chailenges.

If one considers that in autopsy series the incidence
of intracranial aneurysms is about 5%, it is quite appa
rent that the majority of these lesions never ruptures.
On the other hand, it is generally accepted that the
average size of a ruptured aneurysm is about 7-
-7,5 mm, although there have been documented ruptu

Occasionaliy, satisfactory clipping of the aneurysmal
sac is not possibie and a segment, usually dose to the
neck, is ieft. It may also happen that a postoperative
angiogram reveais that a complete exclusion of the
aneurysmai sac did not take piace. The risk of rupture
of these aneurysmal rests is around 0.38-0.79% year~
and therefore these shouid be managed as incidental
aneurysms. The morbidity mortaiity of the surgicai
approach to these lesions does not warrant the re
-exploration ~ aithough aneurysmal sacs may regrow
from residual necks46.

1 want to emphasize that careful wrapping of the
aneurysmai sac with muslin gauze or other adhesive
materiais that may be considered safe and effective, if
the whoie iesion is surrounded by the protective mate
rial 13,47,48 (Fig. 5).

Fig. 5 A Aneurysm of the bifurcation of the internal carotid artery (arrow). B Angiography three weeks after wrapping
showing total occiusion of the sac.
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Familial Aneurysms and Predisposing Disorders

A question that is raised often concerns the need to
study the relatives of patients with intracranial
aneurysms because there have been reports of families
in which an autosomal dominant inheritance pattern
can be recognized ~ Aneurysms in identical twins have
also been described 50• Angiography is only indicated
when more than one member has suffered an SAH.

Another question relates to the evaluation of the
vascular tree in patients with pathologies in which it is
known that intracranial aneurysms occur with a higher
incidence. Some are hereditary, either autosomai
dominant like Marfan’s syndrome or polycystic kidney
disease, or recessive like the pseudoxanthoma elasti
cum or the Ehier-Danios syndrome (type III coilagen
deficency); others, such as aortic coarctation or fibro
muscular dysplasia have no genetic base.

Levey et ai5’ carried out a decision analysis on
whether angiographic investigation was justified in
patients with polycystic kidney disease, and the answer
was negative, since the study was only beneficial if the
presence of the lesion was higher than 30%, the surgi
cal complication rate was below 1%, and the patient
was younger than 25. The improvement of non
-invasive techniques such as magnetic ressonance
angiography may however change the present
perspective.

Ju
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Intracranial Aneurysms in Patients with Arteriovenous
Malformation (AVM)

Approximately 10% of the patients with AVM wili
have an associated intracranial aneurysm52’53. In a
recent series of the Neurological Institute of New York
the cause of the SAH was the aneurysm in 46% of the
cases, the AVM in 33% and in the remaining 21% it
was not possibie to identify the causal lesion. Sa and
Stein considered53 four types of aneurysms (Fig. 6):

Type 1 Aneurysms of the proximal major arteries
coritributing directly or indirectly to the maiformation.

Type II Aneurysms located on superficial feeders.
Type III Aneurysms located on deep feeders (e.g.

posterior choroidal arteries, lenticuio-striate arteries,
etc).

Type IV Aneurysms anatomicaily and hemodi
namicaily unrelated.

The foilowing guideiines are suggested:
To treat the symptomatic lesion first. Ali ruptu

red aneurysms shouid be treated (Fig. 7).
To treat the asymptomatic aneurysms if adjacent

to the AVM.
To remember that a number of the flow-related

aneurysms wiil decrease in size, or even disappear if
the AVM is dealt with effectiveily.

Aneurysmal Rupture During Pregnancy

Intracranial hemorrhage in pregnancy occurs in
0.01-0.05% of cases, with a mortality of 40-50%.
Eclampsia is probably the most common cause but
aneurysms and AVM may also be responsible. In a

Fig. 6— Association of aneurysms and arteriovenous mal
formations (see text).

recent review aneurysms were the culprit in 77% of the
cases and AVM in 23% ~ From an anaiysis of the per
taining literature54’55 the foilowing pratical points can
be emphasized:

E’
TH

~) F
~

7.
L 9’

Fig. 7 Angiographic study of a patient with a large parie
tal arteriovenous malformation. The cause of the patient’s
subarachnoid hemorrhage was, however, a small pericallosal
aneurysm (arrow).
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The risk of hemorrhage increases with the
advance in gestational age.

Rupture rarely occurs during delivery.
Once the SAH has been.documented angio

graphy should be performed. Care should be taken to
shield the uterus and to avoid maternal dehydration.

The surgical management should be carried along
similar lines to any intracranial aneurysm.

Anticonvulsant prophylasis is indicated.
Due to the risk of maternal dehydration, manni

tol and diuretics should be used with care.
There is no contra-indication to the use of ste

roids, but the fetal risks of Nimodipine are still
unknown.

For the non-treated patients the risks of cesarean
section and vaginal delivery are similar.

Subarachnoid Hemorrhage and Negative Angiography

The first question is, of course, to correctly define
negative angiography (Fig. 8). A complete study requi
res the visualization of ali major intracranial vesseis
including both posterior inferior cerebeliar arteries.
The study has to be of good quality, and vasospasm
should not be present.

Negative angiography in the presence of a weil
documented subarachnoid hemorrhage occurs in 4-
-27% of the published series 56• These are patients who
are generally in good shape. There is a low incidence
of focaLdeficits, rebleeding or delayed ischemia. A
particularly benign pattern is the so-called perimesen
cephalic hemorrhage57-59. It is important, however, to
exclude a basilar bifurcation aneurysm in these
patients. In such cases, nimodipine or hemodilu
tion/hypertensive therapy is not justified. Rebieeding,
cerebral ischemia and residual disability occur only in
patients with an aneurysmal pattern of hemorrhage on
the initial CT ~.

In some cases of negative angiography it may be jus
tified to study the whole spine, particuiariy if back
pain or signs and symptoms pointing to cord patho
logy are present. MRI or complete myeiography may
then be used as screenin echniques.

Conclusion

Aneurysmai rupture is often a catastrophic event
which kiils and disables a large number of young, pro
ductive people. Its management imposes a number of

Fig. 8 A Angiography of a patient with a subarachnoid hemorrhage considered normal. Note that the anterior communi
cating complex is suspicious (arrow). B Angiography one year later shows clearly the aneurysm (arrow).

This group of patients is probabiy quite heteroge
nous. It may be that in some cases there was a small
intracranial aneurysm that exploded and self destruc
ted. In cases where vasospasm, or an intracerebral
hematoma are present, or when there is a second blee
ding episode the angiographic study should be
repeated.

It is also apparent that a number of these patients
have a false SAH. These are individuais who deveiop a
crushing headache and as part of their evaiuation suf
fer a traumatic spinal tap, and quite often one can
observe muitiple puncture holes on their lower back.

options, some of which were considered in this lecture.
We should strive to improve the diagnosis and care of
these patients and the foliowing guidelines, slightly
modified from Weir60, wili certainly contribute
decisiveiy.

Prevention of pre-hospitai death; improving
cardiopulmonary ressuscitation.

Early correct diagnosis, particuiarly of warning
Ieaks; better education of health care personnel;
better education of the public regarding the signifi
cance of sudden-onset severe headache; widespread
use of CT for the investigation of these headaches.
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Early corrective surgery in appropriate medical
facilities in selected cases.

Prevention of delayed ischemic deficit;
avoidance of dehydratation, antifibrinolytics and
adverse cardiac, hematological and respiratory events;

clot removal?; cisternal perfusion with fibrinoly
tic drugs’?; — increase perfusion (hypertension, hyper
volemia, increased cardiac output) at the onset of
ischemic signs.

Prevention of delayed deterioration; CSF
shunting; treatment of depression; — appropriate
rehabilitation.

Screening for aneurysms in groups at risk;
familial cases (two or more immediate relatives with
known aneurysms); polycystic kidneys, coarctation
of the aorta, fibromuscuiar dysplasia, etc; partially
treated, or not definitively treated cases.

It is clear that some of decisions that have to be
made are not always based on undisputable scientific
evidence. We are reminded that when you don ‘t have
ali the facts, you sometiines have to draw on your own
experience61.
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