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Kety has stated recently: â€œInspite of whatever
contributions they may have made to normal and
abnormal human physiology, measurements of the
total cerebral circulation have been of only limited
value in the study of the individual patient with cere
brovascular disease. For diagnosis, localization, and
evaluation of progress of the disorder in the mdi
vidual patient, we are stifi in need of suitable meth
odsâ€•(1).

In this report we describe the results of a procedure
that, while not the final answer, offers promise of
providing a simple procedure that is helpful in the
study of regional cerebral blood flow in man.

The method is a modification of Oldendorf's tech
nique of measuring mean transit time (2,3), the
major improvements being in the instrumentation

and data processing. In essence, the gamma camera
is utilized to monitor the passage of an intravenously
injected bolus of OomTcsedium pertechnetate through
the cerebral circulation to gain information about
regional cerebral blood flow (4,5). The technique
can be used with the conventional brain scan, and
only a single, intravenous injection is required.

We have studied more than 400 patients to try to
answer the following questions: (A) Can we im
prove our diagnostic accuracy in cerebrovascular
disease? (B) Can we differentiate cerebral in.farc
tion from cerebral neoplasm?

DESCRIPTION OF PATIENTS AND METHODS

Two hundred ten patients studied between July
1969 and April 1971 who had adequate clinical and
laboratory data form the basis of this report (Ta
ble 1) . Patients were classified as acute stroke if they
had the abrupt onset of neurological deficit attribut
able to primary pathology of the cerebral vessels
which persisted for more than 24 hr (6). Sixty-nine
percent of the 68 patients in this group were studied
within ten days of the onset of symptoms. Ten of the
68 patients had subarachnoid or intracerebral hemor
rhage and were considered separately from those
with ischemic strokes. Patients with residua from
previous strokes or with findings attributable to dif
fuse cerebral atherosclerosis were considered chronic,

and those with recurrent transient loss of function
lasting minutes or hours were classified as transient
ischemic attack. Subdivision was made into internal
carotid and vertebrobasilar groups on the basis of
clinical and contrast angiographic evidence.

Patients with primary cerebral neoplasia or arterio
venous malformations were considered together. All
had histological and/or arteriographic confirmation
of the diagnosis.
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TABLE1. PATIENTCHARACTERISTICS

Cerebrovasculardisease
1. Ischemic stroke

(includes embolic)
2. Hemorrhagicstroke

58 57
(9â€”83)

10 46
(29â€”65)

14 61
(46â€”74)

26 67
(46â€”86)

22 53
(26â€”70)

40 48
(11â€”85)
62
(49â€”72)

52 29

60 9

103. Transientischemic
attack

4. Chronic

64

50

59

7

21Cerebralneoplasm and

arteriovenous
malformation

Other neurological
diseases

Asymptomatic

40 17

40

210

50 0

93Total

* Includes idiopathic

multiple sclerosis, brain
epilepsy, idiopathic papilledema,
abscess,and psychiatric disorders.
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the supine position with his head hyperextended and
positioned so that the orbito-meatal line was parallel
to the face of the collimator of the scintillation cam
era (Fig. 2). Either a 4,000 or 17,000 parallel-hole
collimator was used. Neck and shoulder activity was

MIDDLE shielded from the detector by means of a collar filled
CEREBRAL

ARTERY with lead shot and with flexible lead sheets. Twenty
millicuries of DOmTc..sediumpertechnetate in a vol
ume of 0.5â€”2.0ml were injected as a bolus into an
antecubital vein using the injection technique de
scribed by Oldendorf (7). Serial 35-mm photo

CENTRAL graphs were made of the scintillation camera image

SULCUS on Kodak RAR 2498 film with a Nikon F camera

equipped with motorized film advance (8). In order
to insure adequate statistics and temporal resolution,
the first frame recorded the initial 6,000 counts reach
ing the cerebral circulation. Thereafter, successive
2-sec exposures were made for 40â€”60sec from the
time of injection. Without moving the patient, a
final 350,000-count image was made after the tracer
had equilibrated in the extracellular fluid. A con
ventional five-view brain scan was performed 1 hr
after injection.

RESULTS

A typical regional cerebral blood flow estimation
(rCBFe) in a person without cerebrovascular disease
is illustrated in Fig. 3. The tracer appears first in the
central portion of the territory of the middle cerebral
arteries (Figs. 3A and B) and spreads anteriorly and
posteriorly (Fig. 3C) . In frames D and E the su
perior sagittal sinus, torcular Herophili, and sigmoid
sinuseS are visualized. Asymmetry was frequently
noted in the venous phase (Fig. 3E) even in normal
persons.

Acute stroke. Asymmetrical distribution of activ
ity in the arterial-capillary phase lasting for at least
4 sec (two frames) was observed in 57 % of the

ANTERIOR CEREBRAL ARTERY

SUPERIOR
SAGITTAL
SINUS

FIG. 1. Diagramof distributionof cerebralarteriesas seen
in vertex view.

POSTERIOR CEREBRAL ARTERY

LÃ 

7iI@'@ ,@.:3

FIG. 2. Patientin positionfor regionalcerebralbloodflow
estimation (rCBFe).Lead shields prevent neck and shoulder activity
from being recorded.

Eighty patients without evidence of cerebrovas
cular disease were studied. Forty had a variety of
neurological disorders such as generalized seizures,
cerebral abscess, multiple sclerosis, and idiopathic
papilledema. The other forty had diabetes, hyperten
sion, or elevated serum cholesterol and were studied
as part of a survey to evaluate screening procedures
in the detection of cerebral ischemic disease.

The radioactive tracer studies and the contrast
angiograms were reviewed separately without knowl
edge of the patients' clinical or laboratory data.

The vertex view was used since the major por
tion of the middle cerebral artery territory and por
tions of the anterior and posterior cerebral artery
distributions are closer to the detector than in the
anterior view (Fig. I ). The patient was studied in

TABLE2. ACUTESTROKE

lschemicstroke
1. Carotid
2. Vertebro

basilar

Hemorrhagic

stroke

Total

23 17(74%)

6 2(33%)

@ 8(89%)
38 27(71%)

47 27(57%) 15(32Â°!.)

11 2(18Â°f.) 1( 9%)

10 5(50%) 3(30%)

@i 34(50%) 19(28%)

. Regional cerebral blood flow estimation.

t Unilateraldecreasein activity.

136 JOURNAL OF NUCLEAR MEDICINE



rCBFe IN DIAGNOSISOF CEREBROVASCULARDISEASE

.@@

@:@ .@â€˜:â€˜@:;..

A C

FIG. 3. Normal rCBFe.FramesA-E
are sequential (but not consecutive) be
ginning 9 sec after injection. Frame F
shows 350,000 count equilibration image. D

FIG. 4. AbnormalrCBFein patient
with left middle cerebral artery occlusion.
Note sustained decrease in activity on
left in frames Bâ€”E.

patients with ischemic strokes involving the internal
carotid artery system, and in 50% of all the patients
with acute strokes (Table 2). A typical example is
shown in Fig. 4. Two types of abnormality were
observed in patients with cerebrovascular disease:
sustained decrease in activity in one cerebral hemi
sphere; and transient decrease in activity in the
affected hemisphere which subsequently had greater
activity than the unaffected side (â€œifipâ€•).The latter
is the result of delayed transit through the involved
region of the brain and was observed in 25 % of
the abnormal studies in patients with cerebrovascular
disease (Fig. 5). Only one patient of 80 without
cerebrovascular disease demonstrated one of the
above abnormalities.

The conventional brain scan in the patients with

acute ischemic stroke involving the internal carotid
artery or its branches was abnormal in 15 of 47
patients. Either one of the tracer studies was abnor
ma! in 3 1 of the 47 patients (66%).

The incidence of abnormal rCBFe increased to
92% in patients with angiographic demonstration of
internal carotid artery stenosis greater than 90% or
middle cerebral artery branch occlusions (Table 3).

In three patients with angiographically demon
strated bilateral cerebrovascular disease and in one
patient who did not have a contrast study, the rCBFe
abnormality appeared worse on the side not cmi
cally affected. Six of the patients with acute ischemic
strokes in the internal carotid artery distribution, who
had normal rCBFe, had contrast angiograms : two
were normal, one each showed bilaterally severe
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No.patientsBrainwithrCBFeÂ°scanabnor

abnor abner
Contrastangiography findingsmalitymaltmalUnilateral

internalcarotidstenosis

(>90%)984Bilateral
internalcarotidstenosis

(>90%)101Moderate
internalcarotidstenosis
(50â€”90%)211Middle

cerebralarterybranchocclusion
441Anterior

cerebralartery occlusion311Posterior
cerebralartery occlusion100Basilar

artery irregularity101Vessel
displacement212Aneurysm

531Other
310NormalTotal

382213.

Regional cerebral blood flow estimation.

t Unilateraldecreasein activity.

TABLE4. CHRONICCEREBROVASCULARDISEASEContrastangiographyNum

rCBFeÂ°AbnorbetNum
abnor malNum- abner

Patientcategory betmaltscanbet mal

3
4

7

3
3

6(85%)
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D

FIG. 5. AbnormalrCBFein patient
with left hemiparesis. Prolonged transit
through right hemisphereis Indicated by
decreased activity In frames A and B,
followed by increased activity in frames
Dand E(â€•fllpâ€•).

internal carotid artery stenosis, severe unilateral in
ternal carotid artery stenosis with good collateral,
unilateral anterior cerebral artery occlusion, and a
large plaque in an internal carotid artery.

Chronic cerebrovascular disease. Four patients
out of 19 with focal neurological signs from 3 months
to 10 years in duration had abnormal rCBFe, and
two of these had contrast angiographic confirmation
of cerebrovascular disease. A smaller fraction of the
patients without focal signs had abnormal studies
(Table 4).

Transient ischemic aftack. Only two patients with
transient ischemic attacks had abnormal rCBFe, and
one correlated with the side clinically affected (Ta
ble 5). Ten patients underwent contrast angiography
with the following results : two studies were normal,
one each showed no filling of an anterior cerebral
artery, severe stenosis of an internal carotid artery,
and occlusion of one branch of a middle cerebral
artery.

Neoplasmand arteriovenousmalformation. In con
trast to the findings in cerebrovascular disease, pa

tients with very vascular neoplasia or arteriovenous
malformations (Table 6) had focal increases in
tracer activity corresponding in location to abnor
malities on the brain scan. Very rapid transit was
indicated by an early blush of intense activity fol
lowed by a rapid waning of the activity (Fig. 6).

No patient with a primary intracerebral neoplasm
had a unilateral decrease in activity.

Patients without cerebrovascular disease. One pa
tient of the 40 with noncerebrovascular neurological
diseases had abnormal rCBFe. This patient, who
presented with marked hemiparesis, was diagnosed
as progressive multifocal leukoencephalopathy. Re

TALBE3. ACUTESTROKEâ€”CORRELATION
WITH CONTRASTANGIOGRAPHY

Withfocal signs 19 4(21%) 1
Without focal signs 7 2(28%) 0

Total 26 6(23%) 1(4%)

. Regional cerebral blood flow estimation.

t Unilateraldecreasein activity.
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rCBFeÂ°Diagnosis

Number NormalIncreasedactivity

rCBFe IN DIAGNOSISOF CEREBROVASCULARDISEASE

peat rCBFe 1 month later was normal. None of the
17 patients who had contrast angiography had sig
nificant abnormalities of the cerebral vasculature.

All of the 40 survey patients without symptoms
of cerebrovascular disease had normal rCBFe.

DISCUSSION

A major problem in the diagnosis of intracranial
tumors is that the symptoms may be attributed to

cerebrovascular disease, especially in the elderly.
Although the abrupt onset of symptoms is charac
teristic of cerebrovascular accidents, symptoms may
appear with great suddenness in patients with tumors,
especially glioblastomas (9). The conventional brain
scan is helpful in decreasing the probability that the
patient has a mass lesion since about 85â€”90% of
patients with cerebral neoplasia have abnormal scans
(10,11 ). However, if the brain scan is abnormal and
if the abnormal activity is located in the distribution
of a single cerebral artery, cerebral infarction is more
likely than tumor. The shape of an abnormality may
also help differentiate tumor from infarction (12).

Despite these guidelines, however, diagnostic prob
lems still arise. In such cases regional cerebral blood
flow estimation (rCBFe) can aid in the interpreta
tion of both normal and abnormal brain scans. The
finding of decreased blood flow in the distribution
of a cerebral artery coupled with a normal brain
scan greatly increases the probability of cerebral
ischemic disease. Decreased rCBFe in the region
of a lesion seen in the brain scan reduces the like
lihood of tumor (Fig. 7) since all the patients with
tumors in our series had normal or increased flow
in the region of the lesions.

In ischemic disease involving the internal carotid
artery or its branches, we found rCBFe twice as
likely to be abnormal as the brain scan at the time
the patient was first examined (13) . Twenty seven of

47 patients had abnormal rCBFe, and another four
had normal rCBFe but abnormal brain scans; thus the
overall sensitivity of the tracer studies was 66% in
patients with disease of the internal carotid or middle
cerebral artery. In a similar group of 86 stroke pa
tients, Rosenthall and Martin, employing the an

tenor view, found abnormal rCBFe 45 % of the
time while either of the tracer studies was abnormal
in 57% of the patients (5) . Other investigators have
reported not strictly comparable series of stroke

.@

TABLE5. TRANSIENTISCHEMICATTACKS

Carotid 11 2(18%) 0
Vertebrobasilar 3 0 0

Total -iâ€¢@2(14%)@

S Regional cerebral blood flow estimation.

t Unilateraldecreaseinactivity.

8 3
2 0

i-o 3(30%)

TABLE6. CEREBRALNEOPLASIAAND
ARTERIOVENOUSMALFORMATION

Arteriovenous malformation
Meningioma
Glioblastoma
Astrocytoma grade III
Astrocytomagrade II
Chromophobe adenoma
Craniopharyngioma

3 0
7 0
4 0
4 2
2 2
1 1
1 1

ii 6(27%)

3
7
4
2
0
0
0

16(73%)Total

. Regional cerebral blood flow estimation.

FIG. 6. Patientwith left-sidedfocal
seizures. A shows posterior and right
lateral views from conventional brain scan
with focus of abnormal activity in right oc
cipital region. B showsrCBFe in same pa
tient. First frame is equilibration image.
Next frames recorded at 10, 12, and 30 sec
after injection. Note early blush in right
occipital region with subsequent waning
of activity. Contrast angiogram confirmed
presenceof arteriovenousmalformation.
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A

FIG. 7. Patientwith left internalca
rotid artery occlusion. A shows anterior,
left lateral, and posterior views from con
ventional brain scan with large area of
increased uptake of tracer in left parletal
region. B, same patientâ€”rCBFe.There
is sustained decrease in activity in left
hemisphere.

Since as many as 84% of stroke patients have
clinical involvement in the area of brain supplied by
the middle cerebral arteries (21 ), we think it im
portant to visualize as much of that vessel's dis
tribution as possible. Thus we prefer the vertex view
for rCBFe since this view includes parts of the ter
ritories of the anterior and posterior cerebral arteries
as well as the middle cerebral artery. Although we
have not detected isolated occlusions of the anterior
or posterior cerebral arteries, we have visualized
decreased flow to the posterior branches of the mid
dle cerebral artery. With the vertex view we cannot
detect lesions in the vertebrobasilar system, but these
can usually be distinguished from disease of the
middle cerebral artery on the basis of clinical evi
dence.

CONCLUSIONS

Regional cerebral blood flow estimation using in
travenous oomTc@pertechnetatehas been found to be
a simple and useful technique in the differential
diagnosis of brain tumors and cerebrovascular dis
ease. Characteristic abnormal findings were observed
in 57 % of the patients presenting with acute ischemic
stroke involving the internal carotid artery or its
branches. Regional cerebral blood flow estimation
gives information about vascularity of cerebral neo
plasia and helps distinguish these lesions from cere
bral infarction.
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patients where the incidence of abnormal rCBFe was
75â€”83% (14,15).

In cerebral neoplasia rCBFe is helpful in evalu
ating the vascularity of the lesions. The greatly in
creased blood flow through an arteriovenous mal
formation was easily identified (Fig. 6). Increased
activity in the lesion soon after administration of
the tracer with progressive increase in contrast be
tween the lesion and surrounding tissues was char
acteristic of meningioma and glioblastoma. A normal
pattern was found with low-grade gliomas.

How does the method described in this report com
pare with the 133Xe techniques (16,17)? One ad
vantage of 133Xeis that the gas is eliminated rapidly
by the lungs, and the procedure can be repeated fre
quently. However, for this procedure an intracarotid
injection is usually required, and the technique is
therefore not applicable to large numbers of patients.

There are two major advantages to the intravenous
ftOmTc@pertechnetatemethod of rCBFe. One is that
it requires only an intravenous injection and is
therefore suitable for examining large groups of
patients. Repeat studies can be performed to assess
the efficacy of various modes of therapy in cerebro
vascular disease. A second advantage is that imaging
devices such as the Anger camera can be employed
to obtain an image with a high degree of spatial reso
lution. The observer can then ask specific questions
about regional function and with the assistance of
a small, general-purpose computer obtain numerical
answers (18,19) . This system may enhance the sen
sitivity of rCBFe.

A potential source of error inherent in the intrave
nous methods is the contribution of activity in the
extracerebral tissues. Although the magnitude of this
error in man is not known, there is reason to believe
that it is small during the initial transit of the tracer
(20).



rCBFe IN DIAGNOSISOF CEREBROVASCULARDISEASE

clides, Gilson Al, Srnoak WM, eds, Springfield, ill, CC
Thomas, 1971,pp. 349â€”357

12. DELAND FH: Scanning in cerebral vaScular disease.
Sem NuclMed 1:31â€”40,1971

13. Tow DE, WAGNER HN, DELAND FH, et al: Brain
Scanning in cerebral vascular disease. JAMA 207 : 105â€”108,
1969

14. FARRER PA, ROGHAIR G, STEINHACKER R : Radio
pertechnetate cerebral angiography in the early diagnosis
and detection of strokes. I Nucl Med 10: 401, 1969

15. FISH MB, B@ias BD, KOCH R, et al: Cranial scm
tiphotographic blood-flow defects in arteriographically

proven cerebral vaScular disease. I Nuci Med 11: 318â€”319,
1970

16. WAGNER HN: Regional blood flow measurements
with radioisotopes. In Dynamic Studies with Radioisotopes
in Medicine. Vienna, International Atomic Energy Agency,
1971, pp 573â€”584

17. LASSEN NA: Intra-arterial methods for measurement

of regional cerebral blood flow in man. In Central Nervous
System Investigation with Radionuclides, Gilson Al, Smoak
WM, eds, Springfield, Ill, CC Thomas, 1971, pp 194-
202

18. NATARAJAN TK, WAGNER HN: A new image dis

play and analysis system (IDA) for radionuclide imaging.
Radiology 93: 823â€”827,1969

19. KAIHARA S, NATARAJAN TK, MAYNARD CD, et al:
Construction of a functional image from spatially localized
rate constants obtained from serial camera and rectilinear
scanner data. Radiology 93: 1345â€”1349,1969

20. OLDENDORF WH, IIsAK@ Y: Interference of Scalp

and skull with external measurements of brain isotope con
tent: Part I. Isotope content of Scalp and skull. I Nuci Med
10:177â€”183,1969

21. CARTER AB: Cerebral Infarction, New York: Mac

rnillan, 1964, p 69

REFERENCES

1. KETY S: Fundamental aspects of the human cerebral
circulation in cerebrovascular disease. In Cerebral Circula
lion and Stroke, ZÃ¼lchKJ, ed, New York, Springer-Verlag,
1971,p 125

2. OLDENDORF WH: Measurement of the mean transit

time of the cerebral circulation by external detection of an
intravenously injected radioisotope. I Nucl Med 3 : 382â€”398,
1962

3. OLDENDORFWH, KITANO M : Radioisotope measure
ment of the brain blood turnover time as a clinical index
of brain circulation. I Nucl Med 8: 570â€”587,1967

4. MAYNARDCD, WLTCOFSKIRL, JANEWAYR, et al:
Radioisotope arteriography as an adjunct to the brain Scan.
Radiology92:908â€”912,1969

5. ROSENTHALL L, MARTIN RH : Cerebral transit of per

technetate given intravenously. Radiology 94: 521â€”527,
1970

6. DRAKEWE, DRAKEMAL: Clinical and angiographic
correlates of cerebrovascular insufficiency. Amer I Med 45:
253â€”270,1968

7. OLDENDORFWH, CRANDALLPH: Bilateral cerebral
circulation curves obtained by intravenous injection of radio
isotopes. I Neurosurg 18: 195â€”200, 1961

8. LANGAN JK, WAGNER HN : A display and storage sys
tern for radionuclide images. Radiology 93 : 1197â€”1198,
1969

9. WAGNERHN, HOLMESRA: The nervous system. In
Principles of Nuclear Medicine, Wagner HN, ed, Philadel
phia, WB Saunders, 1968, p 656

10. WITCOFSKI RL, MA@N4@an CD, ROPER TJ: A com

parative analysis of the accuracy of the technetium-99rn
pertechnetate brain Scan: follow up of 1,000 patients. I
NuclMed8: 186â€”196,1967

11. QUINN JL: Useful patterns in brain scan diagnosis.

In Central Nervous System Investigation with Radionu

r

July 11â€”14,1972 Boston, Mass.

The TechnologistSectionhas set aside time for a nuclear medicinetechnologists'program at the 19th
Annual Meeting in Boston, July 11â€”14,1972.

The ScientificProgramCommitteewelcomesthe submissionof abstractsfor 12-minutepapersfrom tech
nologists for this meeting. Abstracts must be submitted on an abstract form similar to the form for general
scientific papers available from the Society of Nuclear Medicine. The length must not exceed 400 words
and the format of the abstracts must follow the requirements set down for all abstracts for the scientific pro
gram (see â€œCallfor Abstracts for Scientific Programâ€•in this issue). Send the abstract form and four carbon
copies to:

LEONARDLOPEZ
Mallinckrodt Institute of Radiology
Washington University School of Medicine
510 S. Kingshighway
St. Louis,Missouri63110

Volume 13, Number 2 141

TECHNOLOGISTSECTION
THE SOCIETYOF NUCLEARMEDICINE

19th ANNUAL MEETING
Sheraton-Boston Hotel

Call for Papers:NuclearMedicineTechnologists'Program

DEADLINE: February 15, 1972




