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Summary

An unusually late occurrence of symptomatic cerebral vasospasm
1s reported. The case involves a 50-year-old male who was un-
eventfully operated on for a ruptured anterior communicating artery
aneurysm, with no symptom of cerebral vasospasm, 17 days after
sustaining the subarachnoid haemorrhage. Two days after surgery,
a right hemiparesis developed and angiography disclosed severe ce-
rebral vasospasm. This case history and the aetiological factors of
symptomatic vasospasm are discussed.
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Introduction

Cerebral vasospasm that follows aneurysm rupture
usually occurs within two weeks after subarachnoid
haemorrhage (SAH), and the subsequent ischaemic
neurological symptoms are reported to develop im-
mediately or at most a day later when they occur'’.
Thus, in several series of patients examined, the latest
dates on which symptomatic vasospasm appeared were
the 14th and 15th day after the SAH (the day of the
SAH has been standardized as Day 0 for this arti-
cle)-513.17.23,

However, five cases involving a delayed onset of
symptomatic vasospasm which developed 16 days or
more after SAH were presented in Japan at a meeting
that centered on unusual vasospasm!!. In this article,
we add a further case of unusual symptomatic vaso-
spasm. This case involved delayed surgery and the
symptoms developed on the 19th day after the SAH
from an anterior communicating artery aneurysm.

Case Report

A 50-year-old boatman suddenly developed a headache on No-
vember 12, 1982, He was admitted to our hospital the next morning,

at which time the patient’s grade (Hunt and Kosnik®) was determined
as being IV. The patient was stuporous and had a stiff neck. There
was no apparent paralysis of the extremities and his blood pressure
was [70/120mm Hg. A computerized tomography (CT) scan re-
vealed high density areas in the basal cisterns and Sylvian fissures,
indicating severe SAH (group 3, according to Fisher?); a moderate
communicating hydrocephalus also was noticed (Fig. 1). Carotid
angiograms, uneventfully performed soon after admission, disclosed
an aneurysm of the anterior communicating artery and fenestration
at the M 1 portion of the left middle cerebral artery (Fig. 2, upper).
External ventricular drainage of the cerebrospinal fluid (CSF) was
performed for treatment of the hydrocephalus on the day of ad-
mission. The CSF was markedly bloody and its pressure was 250 mm
H,O. The drainage gradient was set at 15cm H,0.

After this procedure, the patient’s consciousness gradually im-
proved to the level of simple verbal responses, and no sign of cerebral
vasospasm was detected. Direct surgery to treat the ruptured aneu-
rysm was postponed in accordance with our policy at that time,
which required us to delay such an operation. A left carotid angio-
gram, repeated on the 9th day after the SAH, demonstrated slight
vasospasm in the main cerebral arteries (Fig. 2, center), but there
was no sign of rebleeding. Fluid therapy was maintained to keep an

Fig. 1. Plain computerized tomography scans obtained on admission
showing thick high density areas in the Sylvian and interhemispheric
fissures, and the dilated third and lateral ventricles
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Fig. 2. Upper: Left carotid angiogram obtained on admission (on
the 1st day after SAH). Antero-posterior view demonstrating an
anterior communicating artery aneurysm (small arrows) and fenes-
tration at the M 1 portion of the left middle cerebral artery (large
arrow). Center: Left carotid angiogram performed on the 9th day
after SAH. Antero-posterior view showing slight but diffuse vaso-

adequate fluid balance, which occasionally tended to become neg-
ative.

On the 17th day after the SAH, there was no evidence of any
ischaemic symptoms and a left frontotemporal craniotomy was per-
formed for clipping of the neck of the aneurysm. On dural opening,
old clots were seen scattered in the subarachnoid space. The cisterns
around the left internal carotid and anterior cerebral arteries were
packed with degenerated blood clots, and these clots were removed.
These procedure, however, caused no release of CSF. Furthermore,
there was not apparent vasoconstriction seen in either the left internal
or the anterior cerebral arteries, and the aneurysm was obliterated
with two Yasargil’s clips. During the dissection of the neck of the
aneurysm, a flow of CSF from the interhemispheric fissure was seen.
The external ventricular drainage was changed to a ventriculo-per-
itoneal shunt. After recovering from the anaesthesia, the patient
returned to his preoperative neurological state.

Two days later (on the 19th day after the SAH), the patient
developed a right hemiparesis and manifested a slightly lowered level
of consciousness. Carotid angiograms disclosed severe vasospasm of
the right anterior cerebral and the middle cerebral arteries, as well
as of the left middle cerebral artery (Fig. 2, lower). Most areas of
the arteries, from which clots had been removed during the operation,
remained free from the progress of the vasospasm, though the left
internal carotid artery was seen to be slightly more constricted than
it had appeared on the preoperative angiogram. On a CT scan per-
formed on the same day, the Sylvian fissures were not yet delineated
(Fig. 3, A and B). Fluid balance was transiently negative by ap-
proximately 1200ml during the postoperative period until the de-
velopment of symptoms, though his systolic blood pressure ranged
from 120mm Hg to 160 mm Hg. Hypervolaemic and hypertensive
therapy thus was applied soon after angiography. However, a CT
scan taken the next day showed a left parietal low density area (Fig.
3,0).

Paresis of the patient’s right leg vanished completely within a
month, but paresis of the right upper extremity and mild dysarthria
persisted. A year later, he returned to his previous occupation, though
he still displayed a moderate disability in his right forearm and
fingers.

Discussion

Cerebral vasospasm usually occurs with or without
ischaemic symptoms from 4 to 14 days after SAH and
then begins to subside®” 2, Although Kwak et al.® have
reported that angiographic vasospasm is still seen later
than 18 days after SAH in 9% of cases with ruptured
cerebral aneurysms, based on our clinical experiences
and several studies'>>11:1316:23 it is extremely rate that
ischaemic neurological symptoms due to vasospasm
first appear later than at two wecks. According to the
7 studies that have been reported, which include our

spasm in the main cerebral arteries. Lower: Left carotid angiogram
performed two days after operation (on the 19th day after SAH).
Antero-posterior view demonstrating aggravation of vasospasm.
Note that the degree of constriction of the left anterior and middle
cerebral arteries where clots were removed is less severe (arrow heads)
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own'?, in which the interval from the SAH to the onset
of the ischaecmic symptoms was investigated, out of a
total of 499 patients who had symptomatic vasospasm,
only three (0.6%) had symptoms which developed later
than 16 days after the SAH (Table 1). These reports
also show that the incidence of symptomatic vasospasm
ranges from 18% to 50% as a whole.

The actiology of cerebral vasospasm is believed to
be chemical or neurogenic in origin, and a hypotha-
lamic dysfunction or excitation!>?, the breakdown
products of subarachnoid clots®'>!®2! and/or me-
chanical actions, such as arterial manipulation®, are
regarded as the causative mechanisms. More recently,
the role of inflammation in response to subarachnoid
blood!* or endothelin®, which is a novel endothelium-
derived vasoconstrictor peptide, in the mechanism of
vasospasm has been noted. However, additional factors
would seem to be necessary to account for why symp-
tomatic vasospasm develops so late after the SAH.

In the five reported cases involving a delayed onset
of symptomatic vasospasm, a hypothalamic dysfunc-
tion, hypovolaemia, spasmogenic substances or an
abrupt cessation of hypertensive and hypervolaemic
therapy have been postulated as being the possible
causes for such unusually delayed vasospasm'!. Ac-
cordingly, Abiko et al.!! have suggested that preventive
treatment against vasospasm should be gradually with-
drawn in patients with severe SAH.

It has been noted that the onset of postoperative
vasospasm is not related to the timing of the operation
but as to when the SAH has occurred'’, and it also
has been commonly believed that vasospasm is not
aggravated by surgical intervention beyond two weeks
after the SAH. However, since the symptoms due to
vasospasm in our patient developed two days after
delayed surgery, it seems that the occurrence of the
symptoms was associated with surgical intervention.

Fig. 3. Plain computerized
tomography scans (A, B) per-
formed because of the devel-
opment of neurological symp-
toms two days after surgery
showing that the size of the lat-
eral ventricles was reduced,
but that Sylvian fissures were
not yet delineated. The next
day a low density area ap-
peared in the left parietal lobe

©

Table 1. Interval from SAH to the Onset of Sympitomatic Vasospasm
in Reported Series

No. of patients
with symptomatic

Authors (year) vasospasm Days after SAH
Fisher ezal. (1977) 25 (50)* 3-15

Saito ez al. (1977)'¢ 96 (428) 4-15

Weir (1980)% 19 (100) 4-14

Kodama ez a/.(1980)° 151 (827) 4-15

Pasqualin eral. (1984)"3 83 (242) 3-15

Abiko ez al. (1988)! 102 (451) 3-15, 17#, 18%
Ohno et al. (1990)1° 23 (92) 5-13, 19#

* Total patients with ruptured intracranial aneurysms in paren-
theses.
# Only one case in each.

One of the more probable factors that make vaso-
spasm symptomatic may be the systemic condition of
a patient which includes hypotension and hypovolae-
mia due to the lowered homeostasis* 7?2, Maroon and
Nelson’, and Solomon eral.'” have pointed out that
systemic hypovolaecmia commonly occurs after SAH
and this may play a critical role in the pathophysiology
of ischaemia in patients with ruptured intracranial
aneurysms. Furthermore, Voldby ef al.?* have observed
that cerebral autoregulation was found to be impaired
in patients with cerebral vasospasm. Thus, there is the
possiblity that an artificial fluid administration resulted
in an insidious circulatory imbalance in our patient,
though our intended treatment had been to keep the
same fluid balance for 19 days. A further change in
the circulatory volume during the peri-operative period
may have made the vasospasm symptomatic.

Next, from our observations during surgery, it ap-
pears that the role of the fixed subarachnoid clots found
in our patient may have been of special importance.
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Experimental studies” '* have indicated that a mixture
of aged whole blood and the CSF, and aged whole
blood alone both produce a vasuclar contraction, and
that the vaso-activity of the former is greater than that
of the latter. In our patient, who had suffered severe
SAH, external ventricular CSF drainage was performed
to treat the hydrocephalus, due to a blockage of the
CSF pathway, and the thick subarachnoid clots that
were seen fixed about the main cerebral vessels had
received no dilution or washing by the CSF. Thus, the
breakdown products of these blood clots also may have
remained in these regions for a longer period than
usual. Given this scenario, it seems possible that CSF
contact with the breakdown products of the clots by
our surgical intervention augmented vasospasm in the
high concentration areas of the thick clots.

Arterial manipulation during the operation also
may have played a role in the development of the symp-
tomatic vasospasm. However, it is unlikely that ag-
gravation of the vasospasm was due to some mechan-
ical action in our patient, because changes in the ma-
nipulated clot-free portions of the cerebral vessels were
not severe on angiographic assessment.

Although these attempts to explain the pathophy-
siology which may have caused the delayed onset of
symptomatic vasospasm in our patient are all specu-
lative, we think that such unusual cases are worth de-
scribing even though they are rare, because the caus-
ative mechanism of cerebral vasospasm itself has yet
to be fully elucidated. Furthermore, it also should be
kept in mind in clinical practice that potential cerebral
vasospasm which can turn symptomatic due to some
additional factors, may persist for a longer period than
usual in some patients with a ruptured aneurysm.
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