
There are a variety of guidelines concerning
the timing of surgery for intracranial aneurysms
when there has been aneurysmal rupture with
subarachnoid hemorrhage. However, there are
almost no guidelines regarding the timing of
surgery when there is angiographic vasospasm.
We have observed in the particular clinical situ
ation when there is angiographic vasospasm
and a focal neurologic deficit that a cerebral
isotope flow study will reveal abnormalities in
both the â€œarterialâ€•and â€œcapillaryâ€•phases. Fur
thermore, serial flow studies can be used to
determine the resumption of a normal flow
pattern and thus a safer time for intracranial
surgery. Since a neurologic deficit may remain
fixed because of brain infarction, clinical testing
may be an inadequate method of determining
Iocalcerebralbloodflow.Werecommendacorn
bination of bedside exams, serial isotope flow
studies, and interval angiograms as a good
method for assessing cerebral blood flow after
there has been subarachnoid hemorrhage, vaso
spasm, and a focal neurologic deficit. Two case
reports are indicative of our recent experience
concerning eight patients.

The timing of surgery for intracranial aneurysms
following a spontaneous subarachnoid hemorrhage
involves balancing the unknown daily risk of a cata
strophic rebleed against the favorable effect of de
laying surgery until the patient has returned to an
optimal condition (1 ) . The optimal condition is
often defined in terms of mental status, overall neu
rologic function, CSF pressure, CSF color, and
systemic arterial blood pressure (2â€”5). In addition,

attention is often directed to whether or not there is
angiographic vasospasm because patients with vaso
spasm fare less well than similar patients without
vasospasm, regardless of the mode of therapy (6â€”12).
There are no clear guidelines regarding the timing
of surgery when there is angiographic vasospasm.

Our comments pertain to the particular clinical
situation when there is angiographic vasospasm and
a focal neurologic deficit following a subarachnoid
hemorrhage. The persistence of the neurologic deficit
could be due either to ischemia or to the evolution
of an ischemic infarct. Clinical testing cannot dis
tinguish between ischemia or infarct in this situation,
yet surgery might be delayed with the former but not
with the latter condition. We have found that such
patients could be followed after the initial radio
graphic angiogram with serial cerebral isotope flow*

and brain scan studies, that ischemia could be dis
tinguished from infarct, and that such distinctions

help in selecting the time for surgery.

CASE REPORTS

Case1. A 32-year-oldman was admittedto Har
bor General Hospital after 6 days of severe, inter
mittent, bitemporal headache followed by a syncopal
episode on the day of admission. The patient was
lethargic. His blood pressure was 120/60, and his

pulse was 55. The patient had a stiff neck, a left
homonymous hemianopsia, and a left hemiparesis

Received April 3, 1974; revision accepted July 2, 1974.
For reprints contact: Stanley J. Goodman, Dept. of Sur

gery, Harbor General Hospital, 1000 W. Carson St., Tor
rance, Calif. 90509.

C This is also referred to as â€œintravenous radionuclide
angiogram,â€• â€œnuclearangiogram,â€• or â€œserialdynamic studyâ€•
(in contrast to â€œstaticâ€•delayed brain scan).
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mildly involving the leg and profoundly involving
arm. A lumbar puncture was done and clear fluid at
an opening pressure of 230 mm H20 was obtained.
A O9mTc.pertechnetate brain scan* was done and no
abnormality was detected; a cerebral isotope flow
study* showed decreased perfusion in the distribu
tion of the right middle cerebral artery (Fig. 1,
Nov. 10, 1972) . The patient gradually regained a
normal, alert state and the neck stiffness resolved
over 6â€”10 days; the hemiparesis remained un
changed. One week after admission an angiogram
was obtained revealing a right internal carotid artery
aneurysm, prominent spasm in the horizontal portion

of the right middle cerebral artery, and right tem
poral lobe swelling (Fig. 1, Nov. 16, 1972) . Neuro

surgery consultation was obtained : epsilonâ€”amino
caproic acid (24 gm/day) and dexamethasone (4 mg
q6h) were begun. Followup cerebral isotope flow
studies (Fig. 1, Nov. 20, 1972 and Nov. 29, 1972)
showed a considerably reduced perfusion abnor
mality 20 days after admission and brain scan showed
a pattern of increased isotope uptake consistent with
an infarct pattern in the distribution of the right
middle cerebral artery. At this time the patient had
regained more leg strength but remained almost

monoplegic in the left upper extremity. A second

angiogram, 2 1 days after admission, was consistent
with the recently obtained isotope flow study: the
vasospasm was greatly reduced and temporal lobe
swelling was gone (Fig. 1, cf. Nov. 29, 1972 flow
study with Nov. 30, 1972 angiogram).

The aneurysm of the internal carotid artery was
directly clipped on the 22nd hospital day. A small
zone of brain infarction above and below the Sylvian
fissure was seen. A final angiogram on the tenth post
operative day showed the aneurysm obliterated, the
clip in good position, and further improvement in
arterial diameter (Fig. 1, Dec. 11, 1972). The pa
tient has regained independent walking ability but
still has a left upper extremity monoplegia. Mental

function is normal.

Case 2. A 27-year-old woman suddenly lost con
sciousness at home and struck her head as she fell.
She remained lethargic and was taken by her hus
band to a physician who diagnosed a concussion,
and the patient was returned home. She was brought
to Harbor General Hospital 4 days later because of
continued lethargy, and was admitted on the neuro
surgery service. The patient was lethargic but easily
arousable and oriented to person, time, and place.
The blood pressure was I 30/90 and the pulse 64.
There was a board-like stiff neck and a mild left

C All cerebral isotope flow and brain scan studies referred

to in this report were done with @â€˜mTc-pertechnetate.

F1G.1. Representativeviewsfromthreeangiogramsandthree
cerebral isotope flow studies done on patient reported in Case 1.
(Angiographic and flow studies were done only on dates indicated
in illustration. Each isotope study shown was obtained from 3-sec
integration at comparable late arterial phase). Note that cerebral
isotope flow study was done first (Nov. 10, 1972), and angiogram
was done 6 days later. Internal carotid artery aneurysm is seen
on Nov. 16, 1972 and Nov. 30, 1972 and clip obliteration of
aneurysm is seen on Dec. 11, 1972. Arrow indicates that portion
of middle cerebral artery showing most prominent angiographic
and isotope flow abnormalities initially. Only metallic aneurysm
clip can be seen in vicinity of aneurysm in Dec. 11, 1972 study.

hemiparesis. A lumbar puncture revealed bloody,
xanthochromic fluid with an opening pressure of 350
mm H20. Within hours of admission the patient's
condition worsenedâ€”she became more lethargic
and the left hemiparesis worsened with all muscle
groups retaining antigravity strength (3/5) @â€˜except
in the hand where all function was reduced to a
flicker movement ( 1/5) . An angiogram done on the
day of admission revealed a large aneurysm at the
genu of the right middle cerebral artery, temporal
lobe swelling, and profound vasospasm in the supra
clinoid carotid artery, the horizontal portion of the
middle cerebral artery, and the first portion of the
anterior cerebral artery (Fig. 2, Jan. 13, 1973). A
cerebral isotope flow study (Fig. 2, Jan. 16, 1973)
showed greatly decreased perfusion in the distribu
tion of the right middle cerebral artery. The patient
was treated with dexamethasone (4 mg q6h), ep
silonâ€”aminocaproic acid (24 gm/day), methyl dopa,

and frequent lumbar punctures. Over a 10-day period
the spinal fluid cleared, mental status returned to
normal, and the left hemiparesis virtually resolved
except for sustained profound left hand weakness
(2/5) . Followup cerebral isotope flow studies re
vealed that the perfusion abnormality was greatly
improved on the I 3th hospital day (Fig. 2, cf. Jan.

19, 1973 with Jan. 26, 1973). A repeat angiogram
on the I 6th hospital day showed considerable im

* Using the standard British Medical Research Council

muscle strength scale of 0/5 (no contraction) to 5/5 (nor
ma! power).
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provement in the vasospasm with only focal lumen
narrowing in the supraclinoid carotid artery (Fig. 2,
Jan. 29, 1973).

On the 17th hospital day the large aneurysm was
dissected free from the middle cerebral artery tn
furcation and was clipped. A small zone of infarc
tion above the Sylvian fissure was noted prior to
the clipping. The postoperative course was uncom
plicated and the patient went home 2 weeks after sur
gery. She returned 1 month after surgery at which
time an angiogram was done: the size and contour
of the major intracranial vessels was normal, the
aneurysm was obliterated, and the clip was in good
position (Fig. 2, March 1, 1973). Improvement in
left hand finger function was definite within the first
week following surgery and some grip ability had
returned by the time the patient went home. Six
months following surgery there was no detectable
left-sided abnormality except some clumsiness in
the left hand during rapid movements.

COMMENT

Our specific concern is that the combined factors
of angiographic vasospasm and a continuing neuro
logic deficit may be due to brain ischemia. Intracra
nial surgery during ischemia could be quite hazard
ous. First, in the early stages of widespread ischemia
there is sufficient edema to complicate brain retrac
tion and aneurysm exposure (Fig. 1, Nov. 16, 1972;
Fig. 2, Jan. 13, 1973). Second, even if the edema
does not handicap brain retraction, there is the risk
that the ischemia will be considerably worsened by
the techniques used in surgery: retraction, hypoten
sion, vessel manipulation, temporary proximal oc
clusion, etc. And finally, the bedside examination
cannot distinguish between ischemia and infarction.
We suggest that the cerebral isotope flow study is
an objective assessment of cerebral blood flow that
can distinguish whether or not there is continuing
ischemia in patients with angiographic vasospasm
and a neurologic deficit following rupture of an
aneurysm. In both patients presented, the focal neu
rologic deficit persisted for many days as the cere
bral blood flow gradually improved and the day of
surgery was eventually selected primarily on the
flow data (and the associated repeat angiogram).

Several types of clinically useful information re
lated to cerebral blood flow have been derived from
intravenously injected isotopes. Detection of arrival
time of the isotope at a cranial counter along with
measuring isotope washout has been used to calcu
late â€œtransittimeâ€•(13) . Further manipulation of
such data, i.e., uptake curves and transit time, has

F1G.2. Representativeviewsfromthreeangiogramsandthree
cerebral isotope flow studies done on patient reported in Case 2.
(Angiographic and flow studies were done only on dates indicated
in illustration. Each isotope study shown was obtained from 3-sec
integration at comparable late arterial phase.) Note that angio
graphic study was done first (Jan. 13, 1973) and then three cere
bral isotope flow studieswere done before repeating preoperative
angiogram. Middle cerebral artery aneurysm is seen on Jan. 13,
1973 and Jan. 29, 1973, and clip obliteration of aneurysm is seen
on Mar. 1, 1973. Arrow indicates that portion of middle cerebral
artery showing most prominent angiographic and isotope flow
abnormalities initially. Only metallic aneurysm clip can be seen
in vicinity of aneurysm in Mar. 1, 1973 study.

been used to calculate actual cerebral blood flow
( 14), and this quantitative approach has been used
to assess ischemia of brain and therefore the timing
of aneurysm surgery. We have been more interested
in the qualitative data derived from gamma camera

detection of intravenously injected isotope since this
technique permits visualization of an â€œarterialâ€•and

â€œcapillaryâ€•phase (15â€”17) and has been used pre
viously to visualize giant aneurysms and arterio

venous malformations (18).

Our experience now includes eight consecutive
patients in whom we could detect a major abnormal
ity in the cerebral isotope flow study, often in both
the â€œarterialâ€•and â€œcapillaryâ€•phases, when there was
angiographic vasospasm and a focal neurologic defi

cit. In patients with recent subarachnoid hemorrhage,
angiographic vasospasm, and no neurotogic deficit,

the isotope flow study is most often normal. Also, we
have been unable to detect by a cerebral isotope
flow study a perfusion abnormality when a posterior
fossa aneurysm rupture has caused vertebrobasilar
vasospasm and associated brain stem signs. How

ever, since aneurysms of the anterior portion of the
circle of Willis are much more common than those

of the posterior fossa, we want to emphasize that
cerebral isotope flow studies contribute practical
information to the neurosurgeon when such studies
are correlated with the clinical status of the patient
and with the conventional radiographic angiogram.
This information may be helpful in selecting on op
timal time for surgery.
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