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Summary

Intracranial arterial vasospasm is a typical sequela of subarachnoid

haemorrhage. The association between symptomatic vasospasm and

unruptured aneurysms has been sporadically presented in the literature.

The pathogenesis of this unusual entity is unclear. The published cases

were collected in this review and analysed with regard to timing,

clinical presentation and possible relationship with surgical factors.

We also added an illustrative case which was recently observed in our

department.

Keywords: Clipping; delayed vasospasm; middle cerebral artery;

unruptured aneurysm.

Introduction

Cerebral vasospasm accounts for 10% to 15% of mor-

bidity and mortality due to subarachnoid haemorrhage

(SAH) [10]. In typical cases, the spasm begins in the first

week after the initial haemorrhage and peaks in severity

during the second week [10, 19]. Although the exact

pathogenesis is still unknown, most studies point to a

functional vasoconstriction triggered by blood break-

down products. A number of chemical agents have been

investigated as possible mediators of vasospasm [10].

The blood-derived nature of the theorized vasoactive

factors also confirms the relationship between the

amount of the subarachnoid blood and the incidence of

vasospasm [12, 16]. Cerebral vasospasm with unruptured

aneurysms, either treated or untreated, is a reportedly

rare association which challenges the aforementioned

hypothetical mechanism. We report here on a patient

developing delayed vasospasm after successful clipping

of an unruptured middle cerebral artery (MCA) aneu-

rysm. Previously reported cases were collected from the

literature and reviewed. Clinical presentation, temporal

profiles and possible relationship with surgery where

analysed in the light of alternative theories on the patho-

genesis of vasospasm.

Literature review

The results of our literature search yielded several

cases of cerebral vasospasm occurring after clipping of

unruptured aneurysms [2, 6, 20, 21, 25]. Indeed, as diag-

nostic and surgical tools have evolved over the years, a

convincing documentation of this phenomenon has

become increasingly rare.

Three cases described by Simeone and Peerless in

1975 belong to the pre-CT era [25]. All patients pre-

sented with headache, had no cerebrospinal fluid evi-

dence of SAH and had angiographically documented

vasospasm occurring after surgical clipping of unrup-

tured aneurysms. Again in 1980, Peerless collected from

the literature a series of 53 cases of vasospasm occurring

in patients with unruptured aneurysms [20]. In his

review, the author concluded that in most reported

cases, the symptoms could be attributed to previous or

misdiagnosed SAH, thromboembolic events, surgical

trauma or other factors. Only eight cases, whose details

where not documented, were regarded by the author as

true expression of non-haemorrhagic vasospasm. In all

of them, the onset of symptomatic vasospasm was within



hours of the surgical clipping and in more than one case,

a spastic response of the arteries was noticed by the

surgeon intraoperatively. In 1980 Fein reviewed a series

of 14 patients with unruptured aneurysms and cerebral

vasospasm [6]. Five of the fourteen patients had coex-

isting multiple aneurysms and a history of previous

SAH. The only case illustrated in the article was that of

a young woman who underwent surgical clipping of a

right choroidal artery aneurysm, complicated by intra-

operative rupture. The patient awakened from anaesthesia

with right hemiparesis which lasted less than 6 hours. A

vasospasm of the left anterior and middle cerebral

arteries was angiographically demonstrated. Overall in

three of the four patients with intraoperative aneurysmal

bleeding, significant angiographic spasm was seen post-

operatively. According with his previous experimental

studies [7–9], the author concluded that intraoperative

bleeding of a previously unruptured aneurysm can be

complicated by postoperative vasospasm.

Raynor and colleagues reported the case of a young

woman with clinical and angiographic evidence of

vasospasm soon after uncomplicated clipping of a left

Fig. 1. Contrast enhanced CT scan showing a round mass effacing the right sylvian fissure. There is no evidence of subarachnoid haemorrhage
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posterior communicating artery aneurysm [21]. Indeed,

the patient had a history of severe headache and partial

nerve palsy two days before admission and some evi-

dence of ongoing vasospasm on the first angiographic

scan. Preoperative lumbar puncture showed no xantho-

chromia and 16 red cells=mm3.

In 1983, Friedman and colleagues described a unique

case of vasospasm complicating an unruptured and

untreated posterior communicating artery aneurysm

[13]. Although the lumbar puncture showed no evidence

of subarachnoid bleeding, five days before admission the

patient had developed a complete third cranial nerve

palsy, consistent with enlargement of the aneurysm.

Two years later, Bloomfield and Sonntag described the

case of 54-year-old with incidental CT finding of a right

MCA aneurysm [2]. The patient underwent successful

and uncomplicated surgery but 9 days after surgery,

developed a left hemiparesis. Three days later, angiogra-

phy showed a diffuse spasm of the right MCA and ACA.

A search for cases of symptomatic vasospasm after

treating an unruptured aneurysm after the early 1990’s

was exhaustive and unsuccessful.

Fig. 2. (A) right internal carotid artery angiogram, oblique view, showing a large aneurysm arising at the bifurcation of the MCA. (B) intraoperative

angiogram showing the aneurysm excluded and no arterial spasm along the MCA trunk. (C) the angiogram obtained 30 days after surgery discloses

severe vasospasm along the M1 segment, reaching its highest degree close to the bifurcation. (D) 7-month follow-up angiogram showing a normal

calibre MCA
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Illustrative case

We report here the case of a 47-year-old woman who

presented with symptomatic vasospasm 28 days after

successful clipping of an unruptured middle cerebral

artery aneurysm. Along with the absence of subarach-

noid haemorrhage, the peculiarity of the case is the

marked delay from the surgical intervention. The patient

initially presented to the emergency room complaining

of lightheadness, numbness of the extremities and faint-

ness. There was no headache preceding or associated

with the episode or afterwards. She had a smoking his-

tory of two to three packs a day. Computed tomography

(CT) scan of the head revealed a lesion, consistent with

an aneurysm, in the right Sylvian fissure. There was no

evidence of SAH (Fig. 1). The patient was immediately

transferred to our Institution, where a cerebral angio-

gram confirmed the presence of a large aneurysm of

the right middle cerebral artery (MCA) bifurcation

Fig. 3. (A) CT scan post-operative day two. Hypointense areas within the right juxta-sylvian brain tissue. On the frontal side there’s a small

intracerebral haemorrhage. (B) no ischemic lesions can be seen on a more cranial scan. (C) One month after surgery, at the time of delayed

vasospasm, the CT show resolution of the juxta-sylvian abnormalities as well as (D) small lacunar infarcts within the right paraventricular white

matter
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(Fig. 2A). Four days after the onset of symptoms, the

patient underwent surgery through a right frontotem-

poral craniotomy. On opening the Sylvian fissure and

dissecting the aneurysm no signs of subarachnoid bleed-

ing or of aneurysm rupture were found. The aneurysm

was closed with two straight clips. An intraoperative

angiogram confirmed exclusion of the aneurysm (2B).

The postoperative course was uneventful. On the first

postoperative day, a control CT showed hypointense

areas in the brain parenchyma around the Sylvian fis-

sure, with a small haemorrhage in the frontal side

(Fig. 3A). The lesions, which were regarded as post-

retraction oedema, remained asymptomatic. On the same

CT scan, there was no evidence of ischemic lesions in

the MCA territory (Fig. 3B). The patient was discharged

3 days later without complications. Twenty-eight days

later the patient developed left lower facial droop and

left upper extremity weakness requiring re-admission.

A CT of the head showed resolution of the post-surgical

oedema (Fig. 3C) and subacute infarctions in the right

periventricular MCA territory (Fig. 3D). A new cerebral

angiogram revealed significant vasospasm of the distal

M1 segment (Fig. 2C). The patient was treated with

volume expansion and antiplatelet therapy. She immedi-

ately responded to therapy with improvement of her

symptoms. She returned to her previous neurological

baseline within 12 hours. On a follow-up angiogram

performed 7 months later, the right MCA had normal

calibre (Fig. 2D).

Discussion

In this literature review, the first question that arises is

whether all the reported cases could be accepted as truly

non-haemorrhagic vasospasm. The occurrence of a SAH

is generally suggested by typical symptoms and even-

tually confirmed by diagnostic examinations which in-

clude a CT scan and, in cases with typical presentation

and negative CT, rachicentesis with spectrophotometric

examination of the cerebrospinal fluid [27, 29]. In the

case described here there was no clinical or radiological

evidence of aneurysm rupture. The presenting symptoms

were aspecific, though consistent with a possible neuro-

logical disease. In particular, neither headache nor other

signs of acute intracranial hypertension were reported by

the patient. The surgical exploration confirmed the

absence of a SAH since it was performed a few days

after the onset of symptoms. For this reason, we are

prone to consider the CT finding of a MCA aneurysm

an incidental finding. In the previously reported cases

the criteria used to rule out an aneurysm rupture, were

not always clear. Particularly in the first cases reported

by Fein and in that reported by Raynor and Messer

(Table 1), the symptoms preceding the diagnosis of

vasospasm might be consistent with a minor aneurysmal

leak which went undiagnosed. This possible sequence of

events, according with recent experimental evidences

[28], would question the commonly accepted relation-

ship between the risk and the severity of vasospasm and

the amount of the subarachnoid blood.

Alternatively, considering that all but one [13] of the

reported cases underwent surgery, the occurrence of

spasm could be theoretically related to the normal sur-

gery-related blood extravasation. In particular, Fein

argued the intraoperative aneurysmal bleeding was spe-

cifically associated with the development of vasospasm

[6]. Neither the literature nor the daily practice have

confirmed this hypothesis. Vasospasm typically com-

plicates spontaneous SAH, rather than post-surgical

blood collections, either subarachnoid or other. For

Table 1. Summary of documented cases of symptomatic vasospasm occurring in patients with unruptured aneurysms. In all cases, the vasospasm

was angiographically demonstrated

Author Aneurysm Clinical presentation SAH exclusion criteria Surgery Delay from surgery

Simeone [25], 1975 MCA, l headache rachicentesis uncomplicated hours

Simeone [25], 1975 ICA-PCoA, l headache rachicentesis local spasm following

clip application

hours

Simeone [25], 1975 ICA-OphA, l headache rachicentesis uncomplicated 5 days

Fein [6], 1980 ICA-AChA, l seizures – intraoperative rupture no delay

Raynor [21], 1980 ICA-PCoA, l headache, 3rd c.n. palsy rachicentesis uncomplicated no delay

Friedman [13], 1983 ICA-PCoA, l 3rd c.n. palsy 5 days

before admission

CT, rachicentesis – (unoperated) – (unoperated)

Bloomfield [2], 1985 MCA, r – (incidental finding) CT local vasospasm following

clip application

9 days

ICA Internal carotid artery, PCoA posterior communicating artery, AChA anterior choroidal artery, MCA middle cerebral artery, l left, r right.
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the same reason, no role could be apparently played by

the small frontal haemorrhage which, in our case, was

seen on postoperative CT. The haemorrhage was intra-

parenchymal rather than subarachnoid and it likely

occurred in the context of post-retraction oedema. Over-

all, it is conceivable that factors other than subarachnoid

blood may occasionally be involved in the development

of vasospasm.

In our case, as in others’, the distribution of the spasm

suggests that factors close to the aneurysm itself must be

the source of the spasm. On a clinical and experimental

basis [30, 31] an ‘‘hypothalamic’’ theory received atten-

tion about three decades ago. The hypothesis was that

mechanical or vascular compromise of the hypothala-

mus could promote the release of vasospastic mediators.

This mechanism was initially accepted as a possible

cause of vasospasm in operations close to midline struc-

ture, i.e. clipping of anterior communicating artery

aneurysms, but left unexplained the frequent association

between vasospasm and more peripheral aneurysms.

The mechanical stress occurring over the arterial wall

at the time of surgery has been investigated as another

possible source of spasm [11, 14]. Schaller et al. pro-

vided instrumental evidence that dissection of the

Sylvian fissure and manipulation of the MCA branches

may induce a vasospastic response along these vessels,

but the vasospasm was generally modest, clinically

silent and reached its highest value at a mean interval

of 7 days after surgery [23]. Hence, the mechanical

theory leaves unexplained the long interval elapsing

between surgery and the onset of vasospasm in our

patient. Alternatively, because two long clips had been

applied across the aneurysmal neck, one could speculate

that late, spontaneous twisting of the clips produced a

mechanical torsion of the parent vessel, eventually trig-

gering a vasospastic reaction. It must be said that large

MCA aneurysms are commonly repaired with a number

of different clips and, to our knowledge, no association

has been reported between the incidence of vasospasm

and the number, size or weight of the clips.

While typical vasospasm develops with a constant 4

to 14 day latency after a SAH, the temporal profile of the

spasm in unruptured aneurysms is quite heterogeneous.

In the majority of the earlier reports, vasospasm devel-

oped within hours after surgical clipping of the aneu-

rysm. A 9-day interval was reported by Bloomfield and

Sonntag [2]. The 1-month delay observed in our case is

strikingly unusual and hardly explainable. In comment-

ing Raynor’s report, De Long proposed an intriguing

mechanism derived from the clinical observation that

resecting, rather than simply closing, the aneurysm sac

seems to be accompanied by a lower incidence of post-

operative vasospasm. He hypothesized that spasmogenic

blood breakdown products might diffuse into the arterial

wall not only from the subarachnoid cisterns but also

from the inside of the aneurysm once this has been

secured [4]. This process could be very slow and, in

our case, would account for the long delay between

surgery and the onset of vasospasm. Although merely

speculative, this theory draws attention to the fact

that the subarachnoid clot is not the only conceivable

source of a blood-derived spasm factor. A similar con-

cept was addressed by Friedman and coll. in discussing

their unique case of vasospasm associated with an

unruptured and untreated aneurysm [13]. The aneurysm

had undergone symptomatic enlargement a few days

before admission. In their discussion, the authors

hypothesized that ongoing enlargement of the aneurysm

damaged the adjacent endothelium impairing its ability

to produce prostacyclin, a substance with vasorelaxant

properties. This would have resulted in unopposed vaso-

constriction mediated by prostaglandin endoperoxide

and thromboxane A2, substances normally present in

the cerebrospinal fluid and antagonized by prostacyclin

[13]. In the last years, the role of the endothelial damage

in the genesis of vasospasm has been further investi-

gated. The vasoactive properties of endothelium-derived

substances such as the endothelin-1, have been exten-

sively documented [22, 24, 26, 32]. Overall, there is a

growing body of evidence documenting that, under par-

ticular circumstances, the source of spasmogenic factors

might be the vessels themselves, regardless of the

amount of subarachnoid blood around them [17, 28, 32].

According with other evidences, the adventitial nerves,

rather than the endothelium, could initiate the spas-

mogenic mechanism. The so-called trigemino-cerebro-

vascular system (TCVS) is part of a complex nerve

network surrounding the arteries of the circle of Willis

[3, 5]. The axons of the TCVS reach the basal arteries

via the ophthalmic and maxillary divisions of the

trigeminal nerve [18] and may be responsible for the

development of headache. Also, they seem to be

involved in maintaining a normal vessel diameter by a

constant release of vasodilatatory peptides such as sub-

stance P and calcitonin gene-related peptide. Experi-

mental and clinical studies suggest an association

between vasospasm following SAH and a TCVS-

mediated reflex mechanism leading to marked re-

lease and late depletion of these vasodilatatory

peptides [1, 5, 15]. Hypothetically, stimulation of the
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TCVS nerve endings with secondary reflex vasospasm

might be due not only to chemical factors, i.e. blood

breakdown products, but also by a mechanical distention

of the arterial wall following enlargement or, as in our

patient, clipping of an aneurysm. Activation of the

TCVS would also account for the headache observed

in most cases reviewed here. The latency time of the

vasospasm would be variable, based on the temporal

pattern of vasoactive peptides depletion.

On the basis of these emerging concepts, most cases

mentioned in this review might be consistent with a

comprehensive pathogenesis in which powerful vasoac-

tive substances following sudden enlargement or even

simple surgical clipping of the aneurysmal sac.

Conclusions

The association between cerebral vasospasm and

unruptured aneurysms is very rare. The ability of mini-

mal or non-subarachnoid amount of blood or blood

break-down products to provoke the vasospasm is uncer-

tain. It is conceivable, however, that factors other than

blood collections may trigger the vasospasm. A sudden

change involving the patho-anatomy of the aneurysmal

malformation may trigger the vasospasm in the neigh-

bouring vessels. Such a change might be either sponta-

neous, e.g. enlargement of the aneurysm, or triggered by

surgical clipping.

The temporal profile non-haemorragic vasospasm is

highly variable, with symptoms manifesting from hours

up to one-month after clipping of the aneurysm.
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Comments

This work deals with a rare but very interesting and important clinical

problem. The illustrative case presented is rather ‘‘atypical’’ as to the

timing of development of postoperative vasospasm. The review of the

literature and that of the existing theories makes the article to the cli-

nicians very valuable and worth reading.

T. Doczi

Pecs

This is an excellent article. The authors present an interesting

clinical case and a very good review of related cases and of possible

mechanisms.

There is an additional potential mechanism which has not been de-

scribed by the authors. It is now well established that, in the mammalian

brain, the Circle of Willis receives rich sensory perivascular innervation

from the trigeminal ganglion. An expansion of the aneurysm – without a

rupture – could sensitize this ‘‘trigeminovascular system’’ (TGVS) and

this could be responsible for the headache that all patients experienced.

The trigeminal ganglion and its projections contain potent vaso-

dilatory peptides (substance P, Calcitonin generelated peptide). This

trigeminal intervention of the Circle of Willis is not only sensory but

also vasomotor, i.e. vasodilatory. This has been shown extensively in

animals but also in humans [1]. These perivascular sensory fibres re-

spond to changes or perturbations in their environment by axoral reflex-

like mechanisms. Stimuli for their response may be either mechanical

such as distension of the aneurysm and adjacent vessels or chemical such

as release of blood by-products or other substances because of distension

of the aneurysmal wall. A change in the perivascular environment of the

Circle of Willis, such as hemorrhage, surgical manipulation or aneurysm

enlargement – without rupture – could be interpreted as an imminent

threat. This may sensitise the trigeminal perivascular sensory endings,

activate the TGVS and lead to release or even depletion of potent

vasodilatory peptides from the perivascular nerve endings. Under normal

conditions, it is probable that the TGVS participates and contributes

along with other mechanisms in maintaining normal vessel diameter.

An amount of vasodilatory peptides may be released constantly in order

to maintain vessel diameter [2]. Following the depletion of neuro-

peptides, this mechanism of maintaining vessel diameter is no longer

active and vasospasm develops. This mechanism could be responsible

for the variable latent period from the initial insult, i.e. the aneurysm

expansion (headache) or the surgical manipulation to the manifestation

of vasospasm.
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