
VASCULAR CHARACTERIZATION OF BRAIN

Radioisotopic imaging has been shown to be a
sensitive and safe means of detecting and localizing

intracranial lesions. Isotope encephalography alone
will detect approximately the same percentage (75â€”
90% ) of space-occupying lesions as either pneumo
encephalography or cranial arteriography (1â€”11)
and it is not associated with the morbidity and mor
tality of these latter procedures (12,13).

Radioisotopic imaging of intracranial pathology
with standard techniques depends upon focal pool
ing of a radiopharmaceutical as a result of altera
tions of the blood-brain barrier. The substances that
have been most commonly usedâ€”131I-albumin, 203Hg
and 197Hg-chlormerodrin and 99@'Tc-pertechnetate
normally do not cross the blood-brain barrier appre
ciably. Although the time to perform this standard
procedure has been reduced by using 99mTc and
rapid rectilinear scanners or scintillation cameras
(11,14â€”20) , little information is gained about the
etiology of a detected abnormality.

Because most focal intracranial lesions are the
result of vascular disease or have an abnormal vas
cular component, the arteriographic characterization
of the vascular nature of these lesions has aided

C greatly in diagnosis and management (21,22) . In

the investigation of strokes, however, arteriography
is abnormal in only about 50% of the cases (23).
The use of a near-ideal nuclide such as aamTc with
an Anger-type scintillation camera permits the vis
ualization and anatomic delineation of a number of
vascular structures. This is accomplished by per
forming rapid-sequential scintiphotography while the
99mTc_pertechnetate bolus traverses these structures
(19,24â€”29) . The present study demonstrates the ap
plicability of such an approach to the rapid, safe
assessment of cerebral vascular disease and vascular
characterization of intracranial lesions.

METHODS AND MATERIALS

These studies were performed on patients who
were referred to the Nuclear Medicine Section, Clini
cal Laboratories, San Francisco General Hospital
for radioisotope imaging of suspected intracranial
pathology.

Some of the patients received 250 mg of sodium
perchiorate approximately 12 and 2 hr prior to study
in an attempt to decrease choroid plexus uptake of

99mTc..pertechnetate.
Cranial scintiphotographs were obtained using an

Anger-type scintillation camera with a 3-in. colli
mator. All scintiphotography, including the sequen
tial vascular filling studies, was accomplished by
manual operation of the Pho-Gamma Scintillation
camera, Model 6401 * without special attachments.

The instrument was set for the 99111Tcphotopeak with
an image intensity of 10. The ratemeter was set at
a maximum response with a 0.5-sec time constant.
The scaler was preset at I .5 sec with the display in
the preset mode. A pack of standard Polaroid film,
3,000 speed/type 107, was inserted, and the slide
of the film back was retracted.

After an in-dwelling Teflon needle (No. 18)t was

inserted into an antecubital vein, the patient's head
and neck were positioned relative to the detector
for the desired viewâ€”anterior, posterior, or lateral.
The arm was positioned to achieve unobstructed
venous return and to place the needle slightly an
terior to the level of the right atrium. The patient
then received a rapid bolus injection of approximately
10 mc 99â€•Tcpertechnetate through a three-way stop
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again at 60 min after injection using standard cranial
scintiphotographic techniques.

RESULTS

An anterior-view rapid sequential and 1-hr cranial
scintiphotographic study of a normal subject is
shown in Fig. 1. The scintiphoto, taken at 6.0â€”7.5
sec after injection, shows minimal early filling of the
major neck arteries. At 7.5â€”9.0sec these major
arteries and their confluence at the circle of Willis
are visualized. In addition, early ifiling is noted in
the region of the anterior and middle cerebral ar
teries. At 9.0â€”10.5sec the filling of these arteries
has increased, associated with a diffuse (capillary)
distribution of activity through the cerebral hemi
spheres. At 10.5â€”12.0sec this diffuse distribution
of activity becomes more intense, and the superior
sagittal sinus is now well visualized. At 12.0â€”13.5
sec most of the bolus has passed through the capil
lary bed, and a relatively small amount of radio
activity remains in the venous structures. During
1â€”2mm, at a time approaching vascular equilibra
tion of the oomTc,visualized intracranial activity is
limited largely to the major venous vascular struc
tures (i.e., dural sinuses and veins) . Extracranial
activity is seen in the bone and overlying scalp tissue
as well as in the oral-nasal mucosa and salivary
glands. In the normal subject, the 1-hr scintiphoto
is similar in appearance to the 1â€”2-mm scintiphoto.

FiG. 1. Anterior-viewrapid-sequentialand1-hrcranialscinti
photography after intravenous bolus injection of 10 mc @Tc
pertechnetate into normal subject. See text for description.

cock attached to the Teflon needle. The 99mTcbolus,
usually comprising less than 5 ml, was immediately
flushed with a bolus injection of 10 ml of heparinized
saline from a syringe attached to the second port
of the stopcock. This second injection reduces â€œtail
ingâ€•of the isotope bolus. The count button was
depressed when the pertechnetate bolus was injected.
The operator exposed the first film to approximately
2,000 scintillations accumulated during several I .5-
sec intervals. This initial exposure is usually taken
during the initial 4.5â€”7.5sec after injection, allow
ing for the variable delay of the isotope bolus as
it passes through the veins, heart, lungs and aorta
before entering the neck and head. The first exposure
was immediately followed by seven sequential 1.5-
sec scintiphotographs ending approximately 15â€”20
sec after injection. Each of the 1.5-sec scintiphoto
graphs is composed of 2,000â€”4,000scintillations.

A fresh film pack was then inserted, the intensity
decreased to approximately 6 and the display set
in the manual mode. From I to 6 mm after injection,
1-mm anterior, posterior and bilateral scintiphoto
graphs were taken. For the conventional detection of
blood-brain-barrier abnormalities, these views and
supplementary views, if necessary, were performed
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Analyses of normal anterior cerebrovascular pat
terns obtained in 20 subjects after bolus injection
of 10 mc oomTc@pertechnetate are summarized in
Fig. 2. The mean time intervals for each vascular
phase were: early filling of major neck arteries, 3.5â€”
7.0 see; major neck and cerebral arteries, 7.0â€”8.5
sec; cerebral arteries and capillaries, 8.5â€”10.0 sec;
cerebral capillaries and early venous filling 10.0â€”
113 sec; and venous filling 11.5â€”13.0sec. The tim

* ing of these vascular phases is in close correspond

ence with those obtained by carotid cerebral angi
ography (Fig. 2) after allowance is made for the

4 4â€”5-sec delay of the intravenous isotope bolus be

fore reaching the major neck arteries.
A posterior-view, rapid sequential and 1-hr cra

nial scintiphotographic study of a normal subject
is shown in Fig. 3. The first scintiphoto (6.0â€”7.5
sec) shows filling of the major neck arteries and
early filling of cerebral arteries. The next scintiphoto
(7.5â€”9.0sec) shows further filling of cerebral ar
teries and diffuse distribution of activity in capil
laries. As noted in this representative study, the
delineation of major cerebral arteries in posterior
view was usually poorer than in anterior view (Fig.
I ). At 9.0â€”10.5sec the diffuse distribution of ac

tivity has increased, and the initial filling of the
sagittal sinus is noted. At 10.5â€”12.0 5cc, further
increase in activity is noted in the sagittal sinus
coupled with filling of the lateral sinuses. This ye
nous phase is associated with a decrease in the
diffuse cerebral activity. By 13.5â€”15.0 5cc, a major
portion of the bolus has already passed through the
head. At 1â€”2mm, the sagittal and lateral sinuses
are prominent. Some extracranial activity is seen
in the bone, overlying scalp tissue, oral-nasal mucosa
and salivary glands. In the normal subject, the 60-
mm scintiphoto is similar in appearance to the 1â€”2-
min scintiphoto except for a relative decrease in
prominence of the dural sinuses. Analyses of normal
posterior cerebrovascular patterns obtained in 13
subjects after bolus injection of 10 mc Â°Â°â€˜@Tc-per
technetate are summarized in Fig. 4. The mean time
intervals for each vascular phase were : early filling
of major neck arteries, 4.5â€”6.05cc; major neck and
cerebral arteries, 6.0â€”7.55cc; cerebral arteries and

Fl G. 2. Analyses of normal anterior cerebral vascular patterns
obtained after intravenous bolus injection of 10 mc mTc@pertech.
netate. Time intervals are means obtained in 20 subjects.Patterns
are compared with typical right carotid orteriogram.

11.5-13.0 SEC3.5-7.0 SEC 7.0-8.5 SEC 8.5-10.0SEC 10.0-11.5SEC

i Vascularphases:
@ 99m . .
@ Tc cranialscintiphotography

â€¢1

0.5 SEC 1.5 SEC 2.5 SEC 5.0 SEC 6.0 SEC

Rightcarotidarteriogram
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capillary filling, 7.5â€”9.0 sec; capillaries and early
venous phase, 9.0â€”10.5 sec; and venous phase,
10.5â€”12.0sec. The various vascular phases on an
terior view occurred approximately 1 sec after vis
ualization of the corresponding phase on posterior
view (Figs. 2 and 4).

A left-lateral view, rapid sequential and 1-hr
cranial scintiphotographic study of a normal subject
is shown in Fig. 5. The vascular phases noted in

this study were similar to those seen on anterior and
posterior views (Figs. 1â€”4). Two definite columns

of activity are noted in the neck region on the first
three scintiphotos. The column of activity which is
posterior and extends into the cranium is formed

mainly by the internal carotid and vertebral arteries.
The anterior column of activity that extends to the
lower face region represents the external carotid
artery and its major branches.

A rapid sequential and 1-hr cranial scintiphoto
graphic study performed pre-operatively in a patient
with a right frontoparietal meningioma is shown in
Fig. 6. The patient, a 58-year-old male, presented
with bizarre behavior. A right carotid arteriogram
revealed a 9-cm well-circumscribed mass lesion in
the right frontoparietal area causing displacement of
all the adjacent vessels of both the middle and an

tenor cerebral groups. A â€œtumor blushâ€• in addition

to some abnormal draining veins within the mass
was noted. At craniotomy, a mass was noted in the

right frontoparietal region which was subsequently

FIG. 3. Posterior.viewrapid-sequentialand 1-hr cranialscinti
photography after intravenous bolus injection of 10 mc
pertechnetate into normal subject. See text for description.

shown to be a meningioma. Anterior-view scintipho
tography was performed during the rapid sequential
portion of the study. At 6.0â€”7.5 sec, during the
phase of neck and cerebral artery filling, an area of
excessive filling is noted in the right cerebral hemi
sphere. Further increase in activity noted in this
area during 7.5â€”9.0 sec is followed by a subsequent

decrease in activity during 9.0â€”10.5 sec. A general
decrease in diffuse (capillary) activity and initial
visualization of the sagittal sinus is also noted during
this time interval. At 6â€”7mm, a well-circumscribed
area of increased activity is noted in the right cere
bral hemisphere. This area corresponds to that area
of excessive early filling (â€œarterial blushâ€•) noted in
the earlier scintiphotos. The relatively increased in
tensity of this area, as compared to normal vascular
structures, indicates that considerable leakage of
99â€•Tcacross the blood-brain barrier has already
occurred. A further increase in activity in this area
due to the blood-brain-barrier defect is noted in
the 1-hr scintiphotos where the lesion is accurately
localized by multiple views to the right frontoparietal
region.

A rapid sequential and 1-hr cranial scintiphoto
graphic study in a patient with an acute right middle
cerebral artery thrombosis is shown in Fig. 7. The
patient, a 62-year-old female, was admitted because

V
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cleared. Anterior-view rapid sequential and 1-hr
cranial scintiphotography was performed just prior to
surgery. Decreased vascular filling of the right cere
bra! hemisphere is noted throughout the entire rapid
sequence, including the 1â€”2-mmvascular equilibra
tion scintiphoto. At I hr, an area of increased ac
tivity is well localized to the right-posterior parietal
region by multiple-view scintiphotography (Fig. 8).
This area of blood-brain-barrier abnormality is noted
to occur on the side in which decreased blood flow
was previously demonstrated.

A rapid sequential and 1-hr study in another pa
tient with a subdural hematoma is shown in Fig. 9.
The patient, a 39-year-old male chronic alcoholic,
was admitted because of recent head trauma and
grand mal seizures. Right carotid arteriography re
vealed an avascular extracerebral space in the right
parietal region with an associated midline shift of
the anterior cerebral artery and internal cerebral
vein. A subdural hematoma was evacuated from the

right-posterior region. Throughout the entire rapid
sequence of posterior-view scintiphotography, de
creased vascular filling of activity is noted in a por

tion of the right cerebral hemisphere. Decreased
activity is noted in the same area of the right cerebral
hemisphere at 1â€”2mm during the phase of vascular
equilibration of the injected radioactivity. However,
unlike the findings in the first patient with subdural
hematoma (Fig. 8 ) , no area of increased activity
(blood-brain-barrier abnormality) corresponding to

the defect in blood flow was demonstrated at 1 hr.
(Fig. 9).

DISCUSSION

Visualization of vascular structures and organs
has been performed in humans by rapid sequential
scintiphotography after peripheral venous bolus in

F1G.4. Analysesof normalposteriorcerebralvascularpatterns
obtained after bolus injection of 10 mc @@mTc.pertechnetate.Time
intervals are means obtained in 13 subjects.

of the acute onset of left hemiparesis. Pertinent find
ings included weakness of face, arm and leg on the
left and a left extensor plantar response. Lumbar
puncture revealed only a slight increase of cere
brospinal fluid protein, 60-mg/100 ml. During 6
weeks in the hospital, strength progressively returned
to the left side of her body. Anterior, rapid sequen
tial and 1-hr cranial scintiphotography was first
performed 1 week after the onset of symptoms. De
creased vascular filling of the right cerebral hemi
sphere is noted during the arterial and capillary
phases as shown in the 7.5â€”9.0-sec, 9.0-10.5-sec
and 10.5â€”12.0-sec scintiphotos. During the venous
phase (12.0â€”13.5 sec) and the phase of vascular
equilibration ( 1â€”2mm) no asymmetry or abnor
mality of the distribution of activity is noted. How
ever, at 60 mm, some increased activity is now noted

,; in the area of the right cerebral hemisphere that

formerly demonstrated decreased vascular filling. A
right-lateral scintiphoto localizes this abnormality to
that parietal region. Repeat 1-hr cranial scintipho
tography was performed 2 weeks after the initial
study and demonstrated a marked increase in the
blood-brain-barrier abnormality previously noted
(Fig. 7).

A rapid sequential and 1-hr study in a patient
with a right-posterior parietal subdural hematoma
is shown in Fig. 8. The patient, a 70-year-old male,
presented with left hemiparesis and increasing head
aches for 4 weeks after a vague history of head

trauma. After a large chronic subdural hematoma
was evacuated from the right-posterior parietal re
gion, the patient's neurologic symptoms and findings
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jection of Â°9@'Tc-pertechnetate(19,24â€”29). The al
most ideal properties of Â°9@'Tc(30) allowing for large
doses of administered radioactivity, and the ability
of the Anger-type scintillation camera to obtain
simultaneous isotope localization in relatively large
areas (31 ), have made these studies possible in
humans. The fact that free pertechnetate ion leaves
the blood rapidly because of diffusion into extra
vascular fluid and clearance (15) does not invalidate

this approach which involves the taking of scintipho
tographs during the initial passage of a bolus of

radioisotope through the vessels and/or organ in
question. The purpose of this study was to apply
this approach to the assessment of cerebral vascular
disease and the vascular characterization of intra
cranial lessions.

It is readily apparent that one is able to image
and distinguish the various normal phases of cranial
vascular filling and emptying by rapid-sequential
scintiphotography at I .5-sec intervals after intra
venous bolus injection of 10 mc Â°Â°@â€˜Tc-pertechnetate
(Figs. 1â€”5) . With this technique, the expected nor
ma! vascular phases were imaged in a predictable

FiG. 5. Left lateral rapid-sequentialand 1-hr cranialscinti
photography after bolus intravenous injection of 10 mc
pertechnetate into a normal subject. See text for description.

LEFT LATERAL

sequence (Figs. 2â€”4).These phases, which included
major neck arteries, neck and cerebral arteries, cere
bral arteries and capillaries, capillaries and venous
structures and venous structures were somewhat more
clearly defined on anterior view (Figs. 1, 3, 5). The
timing of these phases was in close correspondence
with that obtained by direct carotid arteriography
after appropriate allowance is made for the delay
of appearance of the intravenous isotope bolus (Fig.
2) . Resolution of vascular structures and phases
is inferior to that obtained by carotid arteriography,
mainly because of the limited number of scintillations

(2,000â€”4,000) per 1.5-sec interval and the elonga
tion of the OOmTcbolus by its passage through the
heart and lungs. While increasing the exposure for
each sequential scintiphotograph would result in an
increased number of scintillations per image, it would
tend to decrease the resolution of each of the vas
cular phases. Although these isotope images cannot
yet match the detailed delineation of arteries and
veins obtained by carotid arteriography, the visualiza
tion of the diffuse capillary distribution of radioac
tivity allows for the assessment of vascular perfusion
of brain tissue. Such a capillary-perfusion phase is
usually not visualized by conventional carotid ar
teriography.

Intracranial lesions associated with increased vas

NORMAL SUBJECT
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254 JOURNAL OF NUCLEAR MEDICINE



RAPID SEQUENTIAL CRANIAL SCINTIPHOTOORAPHY

;@AENlNGIOMA

ANTERIOR

C

4.5-6.0 SEC 9.0-10.5 SEC6.0-7.5 SEC 7.5-9.0 SEC

ANTERIOR ANTERIOR POSTERiOR R. LATERAL

6-7 MIN 1 HOUR I HOUR 1 HOUR
cularity and blood flow are readily delineated and
characterized by this rapid scintiphotographic tech
nique (Fig. 6) . Such lesions usually demonstrate
early rapid fi!ling followed by a phase of partial and
sometimes delayed venous emptying as the isotope
bolus passes through the head (Fig. 6) . Because of
the marked abnormality of blood-brain barrier asso
ciated with the lesion shown in Fig. 6, scintipho
tography alone at 6 mm would not allow for the
vascular characterization of this lesion.

The ability of this technique to visualize the dif
fuse capillary perfusion of brain tissue (Figs. 1, 3, 5)
affords a sensitive means of detection of areas of
decreased blood flow. This ability to detect and
characterize relatively avascular lesions is clearly

demonstrated in the studies of the patient with cere
bral artery thrombosis and infarction (Fig. 7) and
the two patients with subdural hematoma (Figs.
8,9).

The necessity of rapid sequential scintiphotography
performed in these studies for the accurate detection
of an area of decreased blood flow is demonstrated
by the sequence shown in Fig. 7. In this study only
the first three scintiphotos taken up to 12.0 sec after
injection demonstrate decreased filling on the right

FIG. 6. Rapid-sequentialand 1.hr cranial scintiphotography
after bolus injection of 10 mc â€˜@Tc-pertechnetate into patient with
meningioma located in right frontoparietal region. See text.

side. By 12.0â€”13.5sec (venous) and 1â€”2mm (vas
cular equilibration) the distribution of activity is
symmetrical. This need of rapid sequential scinti
photography for the definite localization of areas of
decreased perfusion is also demonstrated in the study
of the patient with a subdural hematoma shown in
Fig. 9. Posterior scintiphotography at 1â€”2mm and
1 hr may be interpreted as showing either abnor
mally increased activity on the left side or abnormally
decreased activity on the right side. The basis of this
asymmetrical distribution of radioactivity is revealed
by the rapid sequential study showing a decreased
area of vascular filling on the right side.

Conventional radioisotope imaging of intracranial
lesions depends upon the associated focal abnor
malities of the blood-brain barrier. The results of
this preliminary study indicate that when a blood
brain-barrier abnormality is slight (i.e., in early
cerebral infarction), scintiphotography performed
several minutes after injection may fail to detect the
slight but definite pooling of activity that can be
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CEREBRAL THROMBOSIS AND INFARCTION
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L Two-week repeat study- â€”â€”â€”J
blood-brain-barrier defects, the assessment of the

degree of blood flow in these abnormal areas and
the detection of lesions and abnormalities of per
fusion not associated with detectable defects of the
blood-brain barrier. The ability of this procedure
to image the perfusion of brain tissue is a distinct
advantage over carotid arteriography, a technique
which provides excellent resolution of arteries and
veins but does not allow for routine visualization of

the capillary perfusion phase. This lack of routine
visualization of a perfusion phase may partially

account for the relatively high number of so-called
normal arteriograms in patients with cerebral vas
cular accidents (13â€”23).

Rapid sequential and delayed scintiphotography
is a relatively simple and fast procedure, involving
5â€”15mm of physician and technician time at the
beginning of the study for insertion of the Teflon
needle and bolus injection, and I 5â€”20mm of tech
nician time for performing 1-hr post-injection mu!-
tiple view scintiphotography. This procedure is as
safe as conventional ft9mTc@pertechnetate enceph
alography, being essentially without mortality, mor
bidity or risk and involving a total-body radiation
exposure of 0. 1 rad and gonadal exposure of 0.15
tad (15,30,34). The near complete safety of this
procedure is to be compared with a combined mor
tality-morbidity rate of between 3 and 20% asso
ciated with cranial arteriography (12,13,35).

FIG. 7. Rapid-sequentialand 1-hr cranial scintiphotography
after intravenous bolus injection of 10 mc @@mTc.pertechnetateinto
patient with right cerebral vascular accident performed 1 week and
3 weeks after acute onset of left hemiplegia. See text.

shown at 1 hr (Fig. 7 ) . In this particular case, a
repeat study two weeks after the initial scintipho
tography demonstrates a definite increase of the
blood-brain-barrier abnormality. (Progressive in
crease over a period of several weeks of the blood

brain-barrier defect in patients with cerebral infarcts
has been well documented (32 ,33) . Most impor
tantly, the performance of rapid sequential scinti
photography after bolus injection allows for the
detection of intracranial lesions not yet associated
with blood-brain-barrier abnormalities detectable by

appropriately delayed isotopic imaging (Fig. 9). In
this case, the patient had a subdural hematoma of

recent onset. The results in this case can raise the
possibility of detecting other lesions which may not

exhibit significant abnormalities in blood-brain bar
rier such as â€¢chronic cystic lesions and gliomas of
low-grade malignancy (4,5,10).

The advantages of this approach to the detection,
localization and characterization of intracranial le
sions are multiple. Most important of these advan

tages is the amount of useful information that can
be obtained after a single antecubital intravenous
injection of a standard dose of 99â€•Tc-pertechnetate.
This information may include the demonstration of
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These favorable features allow use of this tech
nique in children, outpatients and severely ill pa
tients as well as a safe means of screening and
selecting patients for cerebral arteriography and/or

surgery. Serial studies can easily be performed to
follow the course of cerebral vascular disease as well
as to monitor the postoperative effects of vascular

and neurosurgery. At the present time this pro
cedure usually complements rather than replaces
cranial arteriography.

This laboratory is now routinely performing 3â€”4
rapid sequential and delayed-cranial scintiphoto
graphic studies per morning. More than 200 studies
have been performed. Evaluation of these studies
including comparison with cranial angiography and
other neurodiagnostic procedures is in progress.

SUMMARY

A technique is described for the detection and
vascular characterization of intracranial lesions. This
technique consists of the administration of D9mTc@
pertechnetate ( 10 mc) by antecubital intravenous

RAPID SEQUENTIAL CRANIAL SCINTIPHOTOGRAPHY

bolus injection followed by immediate rapid sequen
tial and delayed scintiphotography using an Anger
type scintillation camera.

The results of multiple studies indicate that ar
terial capillary and venous phases can be visualized
and distinguished. Analyses of these results provide
mean time intervals for the various vascular phases
on anterior and posterior viewing.

Representative studies from patients with a variety
of intracranial lesionsâ€”primary neoplasm, cerebral
infarct and subdural hematomaâ€”are shown to dem
onstrate vascular and avascular lesions and their
relationship to blood-brain-barrier abnormalities.

The advantages of this technique are discussed
with emphasis on the great amount of relevant infor
mation obtained, the relative ease and speed of per
formance, patient safety and the possibility of

acquiring data on the vascular characterization of
intracranial lesions not obtainable by conventional
brain-scanning or current methods of cerebral an
giography.

H

FIG. 8. Rapid-sequentialand 1-hr cranial scintiphotography
after intravenous bolus injection of 10 mc â€˜@Tc-pertechnetate into
patient with right parietal subdural hematomo. See text.

ANTERIOR

@!â€˜
7.5-9.0 SEC 9.0-10.5 SEC 10.5-12.0 SEC @2.O-13.5SEC
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9.0-10.5 SEC 10.5-12.0 SEC 12.0-13.5 SEC 13.5-15.0 SEC

POSTERIOR POSTERIOR

FIG. 9. RapId-sequentialand 1-hr cranial scintiphotography
after intravenous bolus injection of 10 mc â€œTc-pertechnetate into
patient with right posterior parietal subdural hematoma. See text.
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