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Single photon emission computed tomography in
patients with acute hydrocephalus or with cerebral
ischaemia after subarachnoid haemorrhage

Djo Hasan, Jacob van Peski, Ina Loeve, Eric P Krenning, Marinus Vermeulen

Abstract
Using single photon emission computed
tomography (SPECT), cerebral blood
flow was studied in eight patients with
gradual deterioration in the level of
consciousness after subarachnoid
haemorrhage. Four had cerebral
ischaemia and four had acute hydro-
cephalus. In patients with cerebral
ischaemia, single photon emission com-
puted tomography scanning showed
multiple regions with decreased uptake
of technetium-99M labelled d,l-hexa-
methyl-propylene amine oxime ("mTc
HM-PAO) mainly in watershed areas. In
patients with acute hydrocephalus,
decreased uptake was seen mainly in the
basal parts of the brain: around the third
ventricle, around the temporal horns of
the lateral ventricles, and in the basal
part of the frontal lobe. After serial lum-
bar puncture, there was improvement of
the uptake of 99mTc HM-PAO in these
basal areas in three (convincingly in two
and slightly in the other) of the four
patients accompanied by clinical
improvement in these three patients.
These results suggest that patients with
acute hydrocephalus and impaired
consciousness after SAH, in contrast to
patients with cerebral ischaemia, have
decreased cerebral blood flow predomin-
antly in the basal parts of the brain.
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Many patients with cerebral ischaemia after
subarachnoid haemorrhage have an impaired
level of consciousness.' CT scanning and
necropsy studies in these patients demon-
strated that brain damage was rarely restricted
to single vascular territories, but was usually a

multivascular and diffuse process.' These find-
ings were confirmed by cerebral blood flow
(CBF) study by means of positron emission
tomography (PET) in patients with cerebral
ischaemia after subarachnoid haemorrhage.2
These multiple and bilateral lesions explain
the impairment of consciousness in these
patients. Acute hydrocephalus may also be
accompanied by impaired consciousness,3 4
perhaps mediated by a more global kind of
ischaemia, since a reduction of cerebral blood
flow by enlarged ventricles has been demon-
strated and in studies with '33Xenon.5'0

Recently, a new method to investigate
changes in the regional cerebral blood flow was
introduced, by means of intravenously

administered technetium-99M labelled d,l-
hexamethyl-propylene amine oxime (99mTc
HM-PAO) and by the measurement of its
regional cerebral uptake by single photon
emission computed tomography (SPECT)."
The aim of this study was to compare the

pattern of cerebral blood flow, as depicted by
SPECT scanning and 99mTc HM-PAO, in
patients with acute hydrocephalus with those
with cerebral ischaemia after subarachnoid
haemorrhage.

Patients and methods
We studied eight patients with subarachnoid
haemorrhage, four of them with delayed
cerebral ischaemia, and four with acute
hydrocephalus. All patients had suffered a
deterioration of consciousness after admis-
sion, defined as a sum score of 12 or less on the
14 point Glasgow Coma Scale.'213 Aneurys-
mal subarachnoid haemorrhage was confirmed
by CT scanning on admission (initial CT).'4
SPECT studies were performed when
cerebral ischaemia or hydrocephalus was sus-
pected to be the cause of the deterioration.
Cerebral ischaemia was defined as a deteriora-
tion of consciousness with or without focal
neurological signs, and without hydro-
cephalus or an enlarging haematoma on CT.
Continuing deterioration immediately after
admission was not regarded as cerebral
ischaemia. Acute hydrocephalus was diag-
nosed if the bicaudate index, which was
measured on the initial CT or on a repeat CT
within one week after the initial SAH,
exceeded the normal upper limit (95t' percen-
tile) for age,3 4 15 16 and if deterioration of cons-
ciousness occurred with no detectable cause
other than hydrocephalus.
Technetium labelled HM-PAO is prepared

by adding 1110 megabecquerel freshly eluted
sodium pertechnetate to a vial containing
freeze dried 0 5 mg d,l-hexamethyl-propylene
amine oxime (HM-PAO), 7 6 microgram
stannous chloride dihydrate, and 4 5 mg
sodium chloride (Ceretec). From this mixture,
740 megabecquerel was intravenously admin-
istered within 30 minutes after preparation.
SPECT scanning was performed 10 to 20
minutes later to avoid possible interference
from cerebral uptake of free sodium pertech-
netate. Data acquisition was done by means
of a single-head rotating gamma-camera
(Siemens) with a low energy all purpose
collimator and a PDP 11/73 computer. Soft-
ware: SPETS-1 1 running under TSX +,
Nuclear Diagnostics. Total acquisition angle:
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Figure 1 Results of single photon emission computed tomography in patients with

cerebral ischaemia and in those with acute hydrocephalus after subarachnoid

haemorrhage. Horizontal lines on the transversal slices indicate the corresponding
coronal slices.

Key to fig 1

Without complications
SPECT scan of cerebral uptake of 'Tc HM-PAO in a patient with subarachnoid

haemorrhage, who has no complication.

Cerebral ischaemia

Areas with decreased cerebral uptake of "mTc HM-PAO in patients with cerebral

ischaemia after subarachnoid haemorrhage (coronal and transversal slices):
Case 1: left middle cerebral artery and left anterior and left posterior watershed

areas.

Case 2: in the territory of the right middle cerebral artery, right anterior and both

posterior watershed areas.

Case 3: right middle cerebral artery and both posterior watershed areas.

Case 4: left and right middle cerebral artery and anterior cerebral artery, right
anterior watershed area.

Acute hydrocephalus, before serial lumbar puncture

Areas with decreased cerebral uptake of "'Tc HM-PAO in patients with acute

hydrocephalus after subarachnoid haemorrhage, before serial lumbar puncture

Case 5, 6, 7 and 8:

transversal slices: around the ventricles, especially around the posterior horn of the

lateral ventricles. Case 5: diffusely distributed areas with decreased uptake of 'Tc

HM-PAO

coronal slices: around the third ventricle and the temporal horn of the lateral

ventricles in the basal parts of the brain. Case 7: a small area on the left side of the

lateral ventricle.

Acute hydrocephalus, after serial lumbar puncture

Areas with decreased cerebral uptake of ''Tc HM-PAO in patients with acute

hydrocephalus after subarachnoid haemorrhage, after serial lumbar puncture

Case 5, 6 and 7 (coronal slices):

changed pattern of 'Tc HM-PAO uptake in the basal parts of the brain (slightly
in Case 5, convincingly in Case 6 and 7).
Case 8 (transversal and coronal slices):
new multifocal areas with decreased cerebral uptake of ~'Tc HM-PAO, in the

territory of the right middle cerebral artery, in the right and left posterior-, and in

tright aerior-watrerheareas.

3600; 60 projections of 30 seconds each;
64 x 64 matrix; pixel size: 6 mm. Spatial
resolution for tomographic imaging
(12 42 mm) was estimated by the calculation
of the full width half maximum for 99mTc
using an air distance between the object and
the rotating collimator of 15 cm. Acquired
images were filtered by means ofa Wiener filter
(EMTFLT version 4- 1, by Sten Carlsson,
Department of Medical Physics, S451-80
Udevalla, Sweden). Transversal (parallel to
orbito-meatal line), and coronal slices were
reconstructed with a ramp filter, after correc-
tion for attenuation, by calculation of the
geometric means. Slice thickness: 12 mm.
The upper threshold was kept at 100% and
the lower at 5%. The reconstructed images
were studied in the multi-slice, absolute scal-
ing mode.

Results
Patients
Cerebral ischaemia was diagnosed in four
patients (cases 1-4). Deterioration from
ischaemia occurred between day 3 and day 9
after subarachnoid haemorrhage. All had focal
neurological signs: one patient had a right
hemiparesis and aphasia (case 1); case 2 had
paresis of the left arm; case 3 had a left
hemiparesis; and the fourth patient (case 4) had
a paralysis of the left leg and a right
hemiparesis. None of the four patients had an
impaired level of consciousness before
deterioration from cerebral ischaemia. A repeat
CT failed to show cerebral infarction in two
(cases 1 and 3) of these four patients. A repeat
CT in case 2 showed a hypodense area in the
territory of the right middle cerebral artery and
in case 4 repeat CT showed a hypodense area in
the territory of the left anterior cerebral artery.
Both hypodensities correlates with one of the
areas with decreased cerebral uptake of 99mTc
HM-PAO (fig 1) and with the focal neurological
deficits of these two patients.
Another four patients deteriorated from

hydrocephalus (cases 5-8). The relative
bicaudate indexes in these patients were: 1-30,
1-30, 1 05, and 1*41. Deterioration from acute
hydrocephalus occurred between day 1 and day
4 after subarachnoid haemorrhage. After serial
lumbar puncture, three of the four patients
showed improvement of the level of conscious-
ness. The remaining patient (case 8) developed
cerebral ischaemia a few days after the onset of
deterioration from acute hydrocephalus.

Spect Studies
In patients with cerebral ischaemia, multiple
circumscribed areas with decreased uptake of
99"TcHM-PAO were seen on the SPECT scan.
The posterior watershed areas were involved in
all patients and the anterior watershed areas in
three (cases 1, 2, and 4). Three patients (cases 2,
3, and 4) had bilateral areas with decreased
uptake of 99"Tc HM-PAO (fig 1). The average
counts/cell/minute of the patient without com-
plications and of case 1, 2, 3 and 4 in the slices
presented in fig 1 were not different (1002/cell/
min, 1074/cell/min, 1174/cell/min, 970/cell/
min, and 906/cell/min respectively).
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Table Relative average counts in patients with acute
hydrocephalus. Regions of interest (A and B) are defined
in fig 2

Relative average counts (region A/region B)

before LP* after LP*

Case 5 0 75 0 82
Case 6 0-78 0-98
Case 7 0-87 1 01
Case 8 0 79 0 80

*LP = lumbar puncture.

In the four patients with acute hydro-
cephalus, decreased uptake of 99mTc HM-PAO
was seen predominantly around the third ven-
tricle, bilaterally in the basal parts of the
temporal lobes, around the temporal horns of
the lateral ventricles, and in the basal parts of
the frontal lobes. This pattern of areas with
decreased uptake is especially visible on the
coronal slices (fig 1) and the areas with
decreased uptake of S9mTc HM-PAO were by
far larger than the size of the third ventricle on
CT (12 mm, 10 mm, 8 mm, and 1 1 mm respec-
tively). In these patients there were only slight
flow voids at the convexity of the brain. Serial
lumbar puncture, which initially revealed high
cerebro-spinal fluid pressures (40-50 cm H20),
was performed in all four patients. Repeated
SPECT scanning after serial lumbar puncture
showed an improvement of the uptake of 9"mTc
HM-PAO in the basal parts of the brain in case
6 and 7, and a slight improvement in case 5.
These changes were especially visible on the
coronal slices and were confirmed by compari-
son of relative counts within the regions of
interest (table and fig 2). Repeated SPECT
scanning of the remaining patient (case 8), who
developed symptoms of cerebral ischaemia,
showed decreased uptake of 9"mTc HM-PAO in
both posterior watershed areas, predominantly
on the left side, in the territory of the right
middle cerebral artery, and in the right anterior
watershed area.

Discussion
Several studies have shown that cerebral
uptake of ssmTc HM-PAO reflects cerebral
blood flow."I 17 Decreased cerebral uptake of
99mTc HM-PAO in cerebro-vascular disease
has been shown to correspond well with the
results of other methods such as PET scan-

Figure 2 Regions of
interest in patients with
acute hydrocephalus. The
average relative counts
were defined as average
counts per cell per minute
of region A divided by that
of region B.

ning,18 19 and '33Xenon cerebral blood flow
measurements .20

In our patients with impaired consciousness
from cerebral ischaemia, SPECT scanning
showed multiple regions with decreased uptake
of '9mTc HM-PAO, mainly in the watershed
areas, reflecting impairment of cerebral blood
flow between the territories of the cerebral
arteries. These areas with decreased uptake of
99mTc HM-PAO agree with the distribution of
cerebral infarction described in necropsy
studies in patients with subarachnoid haemor-
rhage who had clinical symptoms of cerebral
ischaemia before death,' with one other
SPECT study using 99mTc HM-PAO,2' and
with CBF studies with PET2 in patients with
cerebral ischaemia after subarachnoid
haemorrhage.

Multiple and bilateral distribution of areas
with decreased cerebral blood flow and sub-
sequent brain ischaemia explains deterioration
in the level of consciousness in cerebral
ischaemia after subarachnoid haemorrhage but
what is the cause of impaired consciousness in
acute hydrocephalus? Decreased cerebral
blood flow has been demonstrated in patients
with high9 and normal-pressure hydro-
cephalus,5-8 '0 and may also be present in acute
hydrocephalus, which would explain impair-
ment of the level of consciousness. SPECT
scanning indeed showed regions with
decreased uptake of 99mTc HM-PAO in our
hydrocephalic patients, but the pattern was
different from that in patients with cerebral
ischaemia. In patients with acute hydro-
cephalus, a decreased uptake was seen
predominantly in the basal parts of the brain.
The areas with decreased uptake of `9mTc HM-
PAO in the basal parts of the brain improved
convincingly in two patients (case 6 and 7) and
slightly in another patient (case 5), when com-
pared with the higher parts of the brain, after
treatment with serial lumbar puncture. This
was accompanied by clinical improvement in
these three patients. The patient who did not
improve had developed cerebral ischaemia.
Decreased radio-activity in the basal areas in

patients with acute hydrocephalus cannot be
explained by compression of brain tissue by the
enlarged ventricles without reduction of the
regional blood flow, because in that case each
unit of volume of the compressed brain tissue
would have shown a higher radio-activity on
the SPECT scan. Moreover, brain tissue does
not compress but shifts outward and upward
displacing CSF. The decreased uptake cannot
be explained by a partial volume phenomenon
from the third ventricle because the area of
decreased uptake is far larger than that of the
third ventricle on CT. The decreased uptake
most likely reflects decreased cerebral blood
flow, but the question is whether there is a
primarily decreased cerebral blood flow or a
decreased blood flow secondary to
hypometabolism. A primary disturbance of
cerebral blood flow is the most likely explana-
tion since it was shown in patients with recent-
onset obstructive hydrocephalus associated
with cerebral neoplasia that the levels of
cortical blood flow were inappropriately low
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compared with the levels of cortical oxygen
utilisation.22 The pattern of regional cerebral
blood flow impairment that we found in patients
with hydrocephalus has not been reported
before. In most studies,5689 however, non

rotating, multiple collimated scintillation
detectors were used, and cerebral blood flow
values of the grey matter were estimated by
calculating the initial slope index of the
"'Xenon clearance curve21 24 orby analysing the
grey matter part of the bicompartmental
model.2324 Obviously changes in the blood flow
to the deep regions of the brain cannot be
detected with this method. Others measured
regional cerebral blood flow by means of
SPECT and "'Xenon,710 but calculated
regional cerebral blood flow from slices of at
least 5 cm above the orbito-meatal line. These
slices are well above the areas of decreased
regional cerebral blood flow found in our

patients.
Apart from showing that impaired

consciousness in acute hydrocephalus results
from a disturbance predominantly in the basal
parts of the brain, this study may also have
practical implications. If a patient has
deteriorated from acute hydrocephalus and
does not respond to treatment, the explanation
may be that insufficient cerebro-spinal fluid
drainage or another complication such as

cerebral ischaemia has developed. The latter is
most likely if SPECT scanning shows
decreased regional cerebral blood flow else-
where than in the basal parts of the brain, even

if CT shows no evidence of infarction.
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