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57) ABSTRACT 
An apparatus for determining local cerebral blood flow 
in a discrete radiation emission detection zone of a pa 
tient's brain. The brain is subdivided into a plurality of 
detection zones, such as 144, by means of a headgear 
apparatus which defines these detection zones by 
means of a multiplanar array of an equal number of de 
tectors, each detector having an associated collimator 
to limit the field of view of the detector. A radioactive 
gas such as Xe', is inhaled by the patient, such as in 
a closed inhalation-exhalation breathing system, over a 
predetermined data collection period during which the 
concentration of the gas in the blood is periodically in 
creased. Determinations of arterial blood radiation 
concentration and tissue radiation concentration are 
made during this period, and the local cerebral blood 
flow is subsequently determined from these determina 
tions. The arterial blood radiation concentration is 
preferably determined by determining the radiation 
concentration of the gas in the last part of an exhala 
tion, while the tissue radiation concentration is prefera 
bly determined from the radiation emissions quantified 
by the detector array. 

37 Claims, 10 Drawing Figures 
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1. 

APPARATUS FOR DETERMINING LOCAL 
CEREBRAL BLOOD FLow 

BACKGROUND OF INVENTION 
1. Field of the Invention 
The present invention relates to an apparatus for de 

termining local cerebral blood flow. 
2. Description of the Prior Art 
The ability to measure cerebral blood flow within the 

human brain is an important medical diagnostic tool as 
variations in a normal flow can indicate actual, proba 
ble, or impending cerebral medical deficiencies, such 
as possible stroke or brain trauma. Since the human 
brain is the vital command center for the body, it is im 
portant that any possible malfunctions which effect the 
brain be discovered as rapidly as possible. Prior art di 
agnostic techniques for determining total or regional 
cerebral blood flow have involved the use of a radioac 
tive diagnostic agent dissolved in the blood. However, 
such prior art techniques have only been able to deter 
mine a total or regional blood flow, which is a mean 
rate of blood flow through a region, such region nor 
mally being defined by a large "cone' of tissue. One 
such prior art device which might provide a means of 
estimating a qualitative indication of regional blood 
flow utilizes a uniplanar detector array. However, such 
a device has a poor energy and spatial resolution and 
cannot detect small blockages of blood flow within the 
brain; even large reductions in local flow are not easily 
discernible. 
Other prior art techniques of this type utilize a multi 

10 

2 
tion, and provide only generalized regional mean rate 
blood flow data as opposed to localized, or direct dis 
crete measurements of cerebral blood flow in a defined 
discrete localized portion of the brain, these techniques 
have not gained wide acceptance for other than cases 
in which such generalized data is acceptable. 
These disadvantages of the prior art are overcome by 

the present invention. 
SUMMARY OF THE INVENTION 

A system is provided for determining local cerebral 
blood flow in a discrete defined radiation emission de 
tection zone of a patient's brain. The brain is subdi 
vided into a plurality of detection zones, which are 
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preferably identical, by means of a headgear apparatus 
which defines these detection zones. The headgear ap 
paratus is preferably aligned on the patient's head with 
respect to three mutually perpendicular reference 
planes; namely, the glabellar-sellar plane as a reproduc 
ible basal plane, the mid-saggital plane as a zero refer 
ence plane, and a reference plane tangent at the fore 
head. This headgear apparatus preferably includes an 
array of 144 or more radiation emission detectors ar 
ranged in a multiplanar array about the brain so as to 
provide an equal number of defined viewing or detec 
tion zones in the brain. The detectors, such as semicon 
ductors, thallium-activated sodium iodide crystals, or 
proportional counter tubes each have associated there 
with a collimator which has a lumen of predetermined 
configuration, preferably square, in order to present a 

plicity of probes in a random array to "view' a larges 
randomly located cone shaped region in the brain for 
determining a mean rate of cerebral blood flow in this 
single random location. However, no provision is made 
for compensating for the effects of the radiation which 
emanates from the surrounding areas of the brain dur 
ing this measurement. In addition, if there is a variation 
in cerebral blood flow from that of a previous measure 
ment, there is no way of pinpointing the exact location 
of the flow reduction other than that there is one in the 
overall region. 
Some of these prior art techniques have utilized the 

inhalation or intra arterial injection of a radioisotopic 
gas as the diagnostic agent in conjunction with a re 
gional blood flow measurement. However, the prior art 
inhalation technique requires the patient to breathe the 
radioactive gas until equilibration and subsequent elim 
ination occurs. The equilibration period is normally 
seven to ten minutes using a closed breathing circuit of 
a device such as a basal metabolism or anesthesia ma 
chine followed by a "washout' period of greater than 
20 minutes. The washout of the radioisotopic gas is 
then measured with an external radiation detector di 
rected toward the region. However, once again, only a 
mean rate of blood flow, or regional blood flow, 
through the region, or cone of tissue if that is the de 
fined region, is provided. 
The technique wherein the radioactive diagnostic 

agent is injected into the internal carotid artery is con 
siderably more dangerous to the patient and cannot be 
used except under serious medical indications for the 
test. While this latter technique obviates the contribu 
tion of extracerebral radioisotope, the time limitations 
for measurement are equally long and the method still 
only provides a regional blood flow measurement. 
Since these prior art techniques are slow, of low resolu 

35 

predetermined portion of the plurality of detection 
zones to the associated detector. 
A radioisotopic gas, such as Xe' or Kr', is inhaled 

by the patient in a closed inhalation-exhalation breath 
ing system over a predetermined data collection pe 
riod, such as 1 minute. During this period, the 'concen 
tration of this gas in the blood is increased due to peri 
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odic injection of a specified additional amount of the 
gas into the breathing system. Measurements are made 
of the arterial blood radioisotope concentration, such 
as by a means separate from the 144 detectors, which 
determines the radioisotope concentration of the gas in 
the last part of an exhalation of the patient during the 
data collection period. A determination is also prefera 
bly made of the quantity of radioisotope concentration 
associated with each discrete detection zone based 
upon measurements of resultant radiation emission by 
the detector array and a predetermined relationship be 
tween the plurality of detection zones which provides 
a plurality of solvable simultaneous equations relating 
the contributions of various detection zones in the plu 
rality to each quantified resultant radiation emission. 
These equations are solved to provide the tissue radio 
isotope concentration for each discrete detection zone. 
The local cerebral blood flow for a discrete detection 
zone is provided from the tissue and arterial radioiso 
tope concentrations for the zone, which concentrations 
are preferably repeatedly determined at 10 second in 
tervals during the 1 minute data collection period, in 
accordance with another predetermined relationship 
between these factors and cerebral blood flow, such as 
by applying the well known Fick-Kety expression. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a diagrammatic illustration of the preferred 

system of the present invention; 
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FIGS. 2A and 2B are diagrammatic illustrations of 
the headgear apparatus portion of the system of the 
present invention; 
FIG. 3 is a block diagram of the radiation detection 

signal processing circuitry portion for one detection 
channel of the headgear apparatus; 
FIG. 4 is a graphical illustration of isotopic concen 

tration utilized in describing the method of the present 
invention; 
FIG. S is a diagrammatic illustration of the human 

skull from the side utilized in explaining the preferred 
orientation of the headgear apparatus of the present in 
vention; 
FIG. 6 is a block diagram partially in schematic, simi 

lar to FIG. 3, of an alternative embodiment of the signal 
processing circuitry for one detection channel; 
FIG. 7A is an exploded perspective view of a mathe 

matical model utilized in describing the present inven 
tion; 
FIG. 7B is an exploded perspective view of a mathe 

matical model, similar to FIG. 7A, utilized in describing 
the present invention; and 
FIG. 8 is a diagrammatic illustration utilized in ex 

plaining the preferred field of view of a single detector. 
DETALED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

General Description 
Referring now to the drawings in detail and especially 

to FIG. 1 thereof, the system of the present invention, 
generally referred to by reference numeral 10 is shown. 
System 10 is for determining local cerebral blood flow, 
which is the blood flow within a discrete preselected 
portion of a patient's brain. It should be understood 
that FIG. 1 is merely a diagrammatic illustration of the 
system 10 for purposes of explanation, and is not meant 
to indicate the critical dimensions of the system, such 
as a preferred requirement of minimum dead space in 
the closed breathing system. The system 10 of the pres 
ent invention preferably includes a breathing mask 12 
which is preferably removably mounted on the face of 
the patient during the performance of the local cere 
bral blood flow determination so as to isolate the 
breathing passages of the patient from the surrounding 
environment and provide a closed inhalation 
exhalation breathing system, which will be described in 
greater detail hereinafter. The mask 12, which is pref. 
erably a conventional breathing mask, is preferably 
formed of a material which is pliable enough to provide 
a comfortable but close fit on the face of the patient in 
the mounted position so as to reduce apprehension dur 
ing a data collection period which is associated with the 
local cerebral blood flow determination. 
The mask 12 includes a conventional type of mouth 

piece breathing port 14 which is provided with an inlet 
or inhalation conduit 16 and an outlet or exhalation 
conduit 18. Conduits 16 and 18, respectively, supply 
the substance or gas to be inhaled to the mask 12 and 
remove the substance exhaled from the mask 12. Pref 
erably, the inhalation conduit 16 and the exhalation 
conduit 18 each include a conventional demand valve 
20 and 22, respectively, disposed within the conduit 
flow path so as to close off the respective associated 
conduits 16 or 18 unless the patient is either demand 
ing the next breath (inhalation) or exhaling his previ 
ous breath (exhalation). 
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4 
Inhalation demand valve 20 is preferably interposed 

in inhalation conduit 16 between the mouthpiece 
breathing port 14 and a small gas reservoir radiation 
shieded spirometer or inhalation chamber 28 from 
which the substance or gas to be breathed by the pa 
tient is provided. Exhalation demand valve 22 is prefer 
ably interposed in exhalation conduit 18 between the 
mouthpiece breathing port 14 and an exhalation cham 
ber 30 which is preferably equal in volume to the inha 
lation chamber 28. The inhalation chamber 28 and the 
exhalation chamber 30 are preferably connected to 
gether in the closed inhalation-exhalation breathing 
system through a conventional gas purification unit 32 
having an inlet conduit 34 connected to the exhalation 
chamber 30 outlet, and an outlet conduit 36 connected 
to the inhalation chamber 28 inlet. The gas purification 
unit 32 operates in a conventional manner to remove 
excess carbon dioxide from the breathing system, add 
oxygen to the breathing system, and filter the air pass 
ing therethrough. The gas purification unit 32 is prefer 
ably operated responsive to the beginning of a breath 
by the patient in a manner to be described in greater 
detail hereinafter. 

In the preferred embodiment of the present inven 
tion, as will be explained in greater detail hereinafter, 
in order to introduce a diagnostic agent into the cere 
bral blood, the patient breathes a radioactive gas which 
is preferably the radioisotopic gas Xenon', which is 
the preferred diagnostic agent. As will also be ex 
plained in greater detail hereinafter, a high concentra 
tion of this gas is desirable during the performance of 
the local cerebral blood flow determination and, most 
preferably, this concentration increases during the 
quantification of the data necessary for the local cere 
bral blood flow determination. In order to accomplish 
this desired condition, a radioactive gas injection sys 
tem 40 is connected through a valve 42 via a conduit 
44 to the inlet of the exhalation chamber 30 for inject 
ing a predetermined quantity of the radioactive 
Xenongas into the exhalation chamber 30 each time 
valve 42 is opened. In addition, gas injector 40 also 
preferably includes a conduit 48 which is connected to 
the inlet of the inhalation chamber 28 via another valve 
50 which is preferably only opened at the end of the pa 
tient's next breath after the beginning of the data col 
lection period so as to also inject this predetermined 
quantity of radioactive gas into inhalation chamber 28 
as well as exhalation chamber 30 at this time, Prefera 
bly, valve 50 remains closed throughout the remainder 
of the data collection period and gas injector 40 only 
injects the radioactive gas into the exhalation chamber 
30 where it is mixed, such as by an impeller (not 
shown), with the gas contained therein and passed 
through the gas purification unit 32 to the inlet of the 
inhalation chamber 28. If desired, other variations of 
this system may be utilized, such as by locating the pu 
rifier 32 between valve 22 and chamber 30, so that 
fresh radioisotope need not pass through purifier 32. 

Preferably, for purposes of gas evacuation at the 
completion of the data collection period, another valve 
52 is interposed in inhalation conduit 16 between de 
mand valve 20 and the mouthpiece breathing port 14, 
and another valve 54 is interposed in conduit 18 be 
tween the exhalation demand valve 22 and the mouth 
piece breathing port 14. Vavles 52 and 54 are each, re 
spectively, connected to conduits 56 and 58. Conduit 
56 is preferably open to the surrounding environment 
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to provide room air therethrough, and conduit 58 pref 
erably opens to an exhausthood (not shown) for evac 
uating the gas from the system 10. Valve 52 preferably 
blocks conduit 56 during the data collection period 
while leaving conduit 16 open to demand valve 20 and, 
similarly, valve 54 blocks conduit 58 during this period 
while leaving conduit 18 open to demand valve 22. As 
will be explained in greater detail hereinafter, at the 
conclusion of this period, valves 52 and 54 are oper 
ated, such as electrically via a signal from a conven 
tional programmable minicomputer 60, such as a 
Honeywell 316, which may be utilized to coordinate 
the data collection and the resultant cerebral blood 
flow determination. The actuation of valves 52 and 54 
changes them from their normal mode to the gas evacu 
ation mode wherein conduits 16 and 18 are closed off 
to demand valves 20 and 22 and inhalation chamber 28 
and exhalation chamber 30, respectively, and open to 
conduits 56 and 58, respectively. 

In this manner, a closed inhalation-exhalation breath 
ing system is provided during the data collection period 
for the local cerebral blood flow determination from 
inhalation chamber 28, via inhalation conduit 16 to 
mouthpiece breathing port 14 of the mask 12, via 
mouthpiece breathing port 14 to exhalation conduit 18, 
via exhalation conduit 18 to the exhalation chamber 
30, via exhalation chamber 30 to the gas purification 
unit 32, and via gas purification unit 32 back to the in 
halation chamber 28; with the radioactive gas being in 
jected periodically during this period into the closed 
inhalation-exhalation breathing system from gas injec 
tor 40. 
The portion of the system utilized in making a quanti 

tative local cerebral blood flow determination will now 
be described. As will be explained in greater detail 
hereinafter, a conventional general purpose computer 
61, such as an IBM 360, may preferably be utilized in 
conjunction with, or in place of, the minicomputer 60 
in order to process the data collected during the data 
collection period, if desired, in order to enhance the 
speed in which results are obtained. However, if de 
sired, any other conventional method of processing 
such data may be utilized. For purposes of illustration, 
it shall be assumed that the general purpose computer 
61 is utilized in conjunction with minicomputer 60 to 
process this data. 
A conventional end-tidal sampler 62, such as a Falk 

Kupferman end-tidal sampler, preferably has an inlet 
which is connected to exhalation conduit 18 for sam 
pling the alveolar or end-tidal gas concentrations at the 
end of each breath, and an outlet which is connected 
to a radioactive gas analyzer 63, to be described in 
greater detail hereinafter, which preferably includes a 
coiled passageway 64 of known volume and a radiation 
emission detector assembly 65. As will be described in 
greater detail hereinafter, the end-tidal sampler 62 con 
tains a relay mechanism (not shown) which is normally 
actuated at the beginning and end of each breath in a 
conventional manner. This relay is preferably utilized 
to activate the gas injector 40 at the end of each breath 
and the gas purification unit 32 at the beginning of each 
breath in a manner to be described in greater detail 
hereinafter. 
The end-tidal samples passed through end-tidal sam 

pler 62 are preferably drawn through the coiled pas 
sageway 64, or another type of sampling chamber if de 
sired, of analyzer 63, which is preferably shielded 
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6 
against external radiation. For efficiency and conve 
nience, the coiled passageway 64 and detector assem 
bly 65 are preferably located near the patient's head 
adjacent a headgear apparatus 66 which is mounted in 
a predetermined position on the patient's head prefera 
bly by means of a universal mounting means 68. A 
more detailed description of headgear apparatus 66 
will be presented hereinafter in connection with FIGS. 
2A and 2B. 

Suffice it to say at this point that the headgear appa 
ratus 66 preferably provides radiation emission detec 
tion signals which are each fed through an associated 
radiation detection signal processing circuit 67, one 
circuit being provided for each detector although only 
one such circuit and signal path are shown for purposes 
of clarity. Circuit 67 will be described in greater detail 
hereinafter. The output of circuit 67 is in turn prefera 
bly fed to the minicomputer 60, which, preferably acts 
as a buffer in order to more efficiently handle the data 
collected during the data collection period as consider 
able expense is involved in utilizing a large scale gen 
eral purpose computer 60 such as the IBM 360 "on 
line' throughout the data collection period. However, 
if this is not a consideration, the minicomputer buffer 
60 may be omitted and the data fed directly to the gen 
eral purpose computer 61. 
The radiation emission detector assembly 65, which 

is to be described in greater detail with reference to the 
headgear apparatus 66 which preferably contains simi 
lar assemblies, is mounted in analyzer 63 in relation to 
coiled passageway 64 so as to quantify the radiation 
emission associated with the sampled gas contained in 
the coiled passageway 64. Detector assembly 65, which 
preferably provides a signal output in response to a 
gamma radiation input, is connected to a radiation de 
tection signal processing circuit 74, which is preferably 
similar to detection circuit 67, whose output is in turn 
also preferably connected to the minicomputer buffer 
60. 

Preferably, the gas analyzer coiled passageway 64 is 
also operatively connected, in a manner to be de 
scribed in greater detail hereinafter, to an end-tidal 
sample analyzer system 75, to be described in greater 
detail hereinafter, in order to determine the concentra 
tions of carbon dioxide and oxygen in the patient's 
breath. Both of these substances, and especially carbon 
dioxide, are influential upon the rate at which the blood 
flows through the human brain and should, therefore, 
preferably be taken into consideration. Normally the 
patient's respiration is adjusted to maintain these gases 
at fairly constant levels. However, some patients may 
have additional diseases which may influence the level 
of these gases; while other patients may over-breathe 
during the data collection period because of tension or 
apprehension induced by the data collection proce 
dure. If the patient over-breathes during this period and 
thus reduces his carbon dioxide pressure, his cerebral 
blood flow will be slowed and of an altered pattern 
even though his cerebrovascular system is normal. 
However, the relationship between the reduction in this 
blood flow for a given reduction in carbon dioxide pres 
sure is known and can be easily compensated for in the 
final determination of cerebral blood flow if this reduc 
tion is known. Similarly, a patient having impaired ven 
tilation may have a higher rate of cerebral blood flow 
which can also be predicted from the elevated carbon 
dioxide pressure if it is known. In addition, low arterial 
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oxygen tension during impaired ventilation/profusion 
can also cause a faster rate of cerebral blood flow. It is 
therefore both preferable and desirable to know the 
carbon dioxide and oxygen pressures in order to com 
pensate for their effects on the cerebral blood flow de 
termination or errors may be introduced in the final de 
termination. 
The end-tidal sample analyzer system 75, preferably 

includes a conventional through-flow carbon dioxide 
gas analyzer 76, such as a Capnograph which is an in 
frared carbon dioxide gas analyzer, and a conventional 
through-flow oxygen analyzer 77, such as a Rappox 
manufactured by Instrumentation Associates, which 
analyzers 76 and 77 are preferably connected together 
in a serial through-flow path, although they may be 
connected in parallel through-flow paths if desired. The 
inlet to the carbon dioxide gas analyzer 76 is preferably 
connected to the coiled passageway 64 outlet via a con 
duit 78 having a valve 79 disposed therein for prefera 
bly directing the end-tidal sampled gas leaving the 
coiled passageway 64 either through conduit 78, from 
which it is drawn through the carbon dioxide analyzer 
76 and therefrom through the oxygen analyzer 77 from 
where it is exhausted to the closed circuit breathing sys 
tem or through another conduit 80, through which it is 
exhausted directly to the exhaust hood. Preferably, the 
valve 79 only passes the end-tidal sampled gas through 
the analyzer system 75 prior to the initiation of the ac 
tual data collection period associated with the local ce 
rebral blood flow determination, the valve 79 directing 
the gas through conduit 80 during this period, in order 
to quantify or measure the oxygen and carbon dioxide 
gas pressures present in the end-tidal sample as well as 
the period of time in which the carbon dioxide gas pres 
ent in the end-tidal sample is on the plateau portion of 
its exhalation curve, which curve is similar to that for 
Xenon' gas. The end-tidal sampler 62 may then pref 
erably be normalized or calibrated to operate on this 
portion of the exhalation curve during the data collec 
tion period. 
Furthermore, the oxygen and carbon dioxide pres 

sure information may be utilized to determine the time 
at which the actual data collection period is to com 
mence, which is preferably when these pressures are 
stabilized. At that time, the data collection may pro 
ceed without introduction of any significant errors in 
the cerebral blood flow determination due to carbon 
dioxide or oxygen gas pressure variations. If desired, 
these measurements may be displayed visually and the 
data collection begun manually by an operator by actu 
ation of a start switch (not shown) when these pres 
sures are stabilized, or in the alternative, these values 
may generate corresponding electrical signals which 
when fed to a comparator (not shown) may provide a 
"begin data collection' signal to the minicomputer 60 
at stabilization if the minicomputer 60 is utilized as an 
overall control mechanism for the data collection pro 
cedure. 
As will be explained in greater detail hereinafter, the 

normalized end-tidal sampler 62 is preferably initially 
activated from minicomputer 60 at the time when the 
actual data collection period is to commence so as to 
synchronize the selection and radiation emission detec 
tion times of the end-tidal gas samples with the radia 
tion emission detection times of the headgear appara 
tus 66, the end-tidal sampler 62 being activated in a 
conventional manner thereafter. If the start signal is 
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8 
manually initiated, then this signal merely puts the 
minicomputer 60 "on-line' so that it may provide the 
end-tidal sampler 62 synchronization signal; whereas, 
if the minicomputer 60 is utilized as an overall control, 
then it can be programmed to only provide this syn 
chronization signal after it has received the start signal 
from the comparator. 

If desired, the carbon dioxide and oxygen gas analy 
zers 76 and 77, respectively, may be electrically con 
nected to the minicomputer 60 in order to provide dy 
namic pressure information during the data collection 
period instead of, for example, merely providing a start 
signal and, in this instance, the computer 61 may then 
be preferably programmed to compensate for pressure 
aberrations in the resultant local cerebral blood flow 
determination. In such instance, the valve 79 would be 
open so as to direct the end-tidal gas sample to the cali 
bration systen 75 throughout the actual data collection 
period, as opposed to only prior thereto. 
Headgear Apparatus 
Now referring to FIGS. 2A and 2B and describing the 

headgear apparatus 66 in greater detail, the system 10 
of the present invention, as will be explained in greater 
detail hereinafter, preferably "subdivides' the patient's 
brain into a predetermined plurality of discrete detec 
tion zones for purposes of determining the rate of cere 
bral blood flow in each of these zones, although, if de 
sired, the final determination may be limited to any 
number of zones in the plurality, such as one. These de 
tection zones, which are shown by way of example by 
dotted lines in FIGS. 2A and 2B are preferably repre 
sented by three-dimensional cubes 81-81 which are 
each of equal volume and dimensions. It should be 
noted that these detection zones 81 are merely mathe 
matical models of sub-volumes defined within the over 
all brain volume by means of the headgear apparatus 
66 and are preferably correlated to a "brain map' so 
as to pinpoint their exact location within the brain. 
Most preferably, 144 such detection zones are utilized 
to define the overall brain volume, although other num 
bers might be employed. As will be explained in greater 
detail hereinafter, during the data collection period, 
each of these zones 81 will be provided with an associ 
ated radioisotope concentration and corresponding ra 
diation emission due to the presence of the radioactive 
gas in the cerebral blood. 

In order to define these detection zones 81 in the 
brain, which are termed radiation emission detection 
zones for purposes of the local cerebral blood flow de 
termination, the headgear apparatus 66 preferably in 
cludes a substantially rectangular hollow helmet hous 
ing 82 having a front portion 84, a rear portion 86, a 
top portion 88, side portions 90 and 92, and a bottom 
portion 94 through which the head of the patient is in 
serted. Preferably, a plurality of substantially identical 
individual detector assemblies 95, equal in number to 
the plurality of radiation emission detection zones 81, 
which in the preferred embodiment is 144, are arrayed 
in parallel and angular 83 modular banks on the front 
84, rear 86, top 88, and sides 90 and 92 of the helmet 
housing 82, along edges, and in a pair of modular banks 
96 and 98 of these individual detector assemblies 95 as 
required to yield independent linear equations. Each of 
the detector assemblies 95 is preferably arrayed along 
an axis normal to the plane in which the respective as 
sociated modular bank 83, 84, 86, 88,90, 92,96 and 
98 lies. Modular banks 96 and 98 are preferably angu 
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larly related to the side portions of the helmet housing, 
respectively, at an angle of 135 degrees with the cube 
diagonals. For purposes of illustration, modular banks 
96 and 98 are shown rotated 90 in to the plane of view 
with respect to their actual preferred positions. One of 
the detector assemblies 95a and 95b is shown in cross 
section in FIGS. 2a and 2b, respectively, for purposes 
of explanation, the field of view of assemblies 95a and 
95b being preferably identical in volume. 
As shown in FIG. 2B, the top portion 88 of the hel 

met housing 82 preferably includes six modular banks 
or columns of detector assemblies 95, columns 102, 
104, 106, 108, 110 and 111, each of the detector as 
semblies 95 being preferably located in the center of 
the zone 81 being defined thereby. Similarly, the six 
columns 102 through 11, inclusive, of detectors 95 
are preferably arrayed on the top portion 88 of the hel 
met housing 82 so as to also provide six rows 112, 114, 
116, 118, 120 and 122 of detector assemblies 95, each 
detector assembly 95, once again, being preferably lo 
cated in the center of the detection zone 81 defined 
thereby. In this manner a six-by-six array of detector 
assemblies 95 is provided so as to provide thirty-six ra 
diation emission viewing surfaces for the detection 
zones 81 in the plane of the top portion 88 of housing 
82, each of such surfaces being the associated detec 
tion zone surface of entry of view into the brain volume 
for the associated detector assembly 95. Similarly, 
front and rear portions 84 and 86 and side portions 90 
and 92 each are preferably shown as having four rows 
of six detector assemblies 95 each, although other ar 
rangements may be utilized, each detector assembly 95 
also preferably being located in the center of the detec 
tion zone 81 defined thereby, so as to provide a four 
by-six array of 24 detector assemblies 95 in the plane 
of the respective helmet portion 84, 86, 90 and 92 so 
as to provide 24 such viewing surfaces for the detection 
zones 81 in each of these planes. This provides 132 of 
such radiation emission viewing surfaces for the pre 
ferred 144 detection zones 81. The additional twelve 
detector assemblies 95 which are required so as to pro 
vide the preferred equal plurality of 144 detector as 
semblies 95 are provided by means of modular banks 
96 and 98 which each include a row of six detector as 
semblies 95. It should be understood that many of the 
detectors as enumerated may, if desired, be relocated 
along edges of the housing 82, as required, to yield the 
preferred 144 independent linear equations. 

Preferably, the headgear apparatus 66 is designed for 
the largest head likely to be encountered and, there 
fore, variations in the air space between the detector 
assemblies 95 and the scalp of the patient may occur. 
This variable air space is due to variable cranial curva 
tures associated with different patients as well as varia 
tions in the size of the head. In order to compensate for 
these variations in air space, which variations affect the 
quantity of the radiation emissions detected by detec 
tor assemblies 95, a gauge-type means may preferably 
be included in the helmet housing 82 substantially at 
the position of each of the detector assemblies 95 
which measures the size of the air space between the 
associated detector assembly 95 and the scalp of the 
patient. These gauges 130, 132, 134, 136, and 138, 
only one of which is shown in each of the portions 84, 
86, 88,90, and 92 of the helmet housing 82 for pur 
poses of clarity, may be calibrated rods or, if desired, 
may be conventional position transducers so as to pro 
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vide a contemporaneous measurement of the air space 
between the associated detector assembly 95 and the 
scalp of the patient during the data collection period. 
If desired, a separate head-gauge, comprising solely po 
sition trnasducers or calibrated rods located at each of 
the detector assembly positions in an identical array 
with that of the helmet housing 82, may be utilized 
prior to the use of the headgear apparatus 66 so as to 
provide these air space measurements prior to the ac 
tual data collection period. In this instance, the head 
gear apparatus 66 is preferably not provided with a 
gauge at each detector assembly 95 position, but rather 
is preferably merely provided with only one calibrated 
rod or position transducer gauge in an identical posi 
tion with that of such gauge in the head-gauge in each 
of the portions or planes of the helmet housing 84 
through 92, inclusive, illustratively shown by gauges 
130 through 138, inclusive, so as to insure that the hel 
met housing 82 is aligned in the identical position in 
which the head-gauge was aligned when the air space 
measurements were made. The universal mounting 
means 68, as was previously mentioned, is preferably 
capable of aligning the headgear apparatus 66 in this 
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desired alignment or orientation position and prefera 
bly includes locking means (not shown) for retaining it 
in this position during the data collection period. 
As will be explained in greater detail hereinafter, the 

headgear apparatus 66 should preferably bear a spe 
cific and reproducible relationship to the patient's 
brain. Therefore, in aligning the headgear apparatus 
66, a reproducible basal plane, which defines the angle 
of viewing to which all other planes will be parallel, 
perpendicular, or angulated at 45, must be chosen. In 
the preferred system 10 of the present invention the 
glabellar-sellar plane (see FIG. 5), which is the plane 
which delimits the lower surface of the human brain, is 
preferably chosen as the basal plane. The mid-saggital 
plane (see FIG. 5), which is the plane perpendicular to 
the basal plane and midway between its lateral limits, 
is preferably chosen as the second plane of orientation 
or reference in the preferred alignment position of the 
headgear apparatus 66. The third plane of orientation 
or reference for the headgear apparatus 66, which 
thereby defines the exact alignment or orientation of 
the headgear apparatus 66 with respect to the brain of 
the patient, is the plane perpendicular to the basal 
plane and the mid-saggital plane and tangent to the 
forehead (see FIG. 5). When the head-gear apparatus 
66 is aligned in these three planes, with the mid-saggital 
plane preferably being the zero reference plane, the pa 
tient's brain volume is subdivided into the plurality of 
detection zones 81, which are preferably cubic in vol 
ume, arranged in a rectangular six-by-six array in the 
glabellar-sellar plane and four cubes high in the mid 
saggital plane, as shown in FIG. 5 by the dotted lines. 
If a separate headgauge device is utilized to measure 
the variable air space, as was previously mentioned, 
then this device too should be similarly oriented prior 
to the taking of these measurements. 
Detector Assembly 
Now describing the radiation emission detector as 

sembly 95 in greater detail, detector assembly 95 pref 
erably being identical with detector assembly 65 of the 
Xenon gas analyzer 63 as was previously mentioned. A 
typical preferred detector assembly 95a and 95b is 
shown in FIGS. 2A and 2B, respectively, detector as 
sembly 95b being a plan view of a different detector as 
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sembly from that of detector assembly 95a. However, 
this plan view is preferably identical with that of one for 
detector assembly 95a which view is omitted in FIG.2B 
for purposes of clarity. Accordingly, for purposes of ex 
planation, the structural details of the preferred detec 
tor assemblies 95, all of which are preferably identical, 
will be described hereinafter only with reference to de 
tector assembly 95a. The detector assembly 95a 
preferably includes a collimator portion 140 made of 
radiation absorbing material cooperatively associated 
with a radiation emission detector 142. Preferably, the 
collimator portion 140 of the detector assembly 95a is 
a tube of specific length and cross-sectional lumen area 
whose function is to limit the direction from which ra 
diation may enter the detector 142. It should be noted 
that it is the collinator 140 which primarily determines 
the degree of spatial resolution of the system 10 of the 
present invention. In the preferred system 10 of the 
present invention, the shape of the collimator lumen 
144 is preferably square so as to define the preferred 
cubic detection zone 81 into which the patient's brain 
is preferably subdivided and to maximize the area of 
the detector 142 utilized for viewing, although other 
shapes, such as circular, may be utilized therefor if de 
sired. The collimator tubing 140 is formed of a material 
which has a high radiation absorption characteristic, 
such as a composite material composed of 90 percent 
tungsten plus 10 percent nickel and copper (e.g., Kul 
lite 1 12 or Mallory 1,000), so as to sharply restrict the 
radiation emission to the lumen-area of the detector 
142. 
The length of the collimator 140 determines the vol 

ume of tissue observed at the detector 142 through the 
lumen 144 of a given cross-sectional area and, there 
fore, determines the number of detection zones 81 ob 
served by the detector 142 in its direction of view. The 
preferred square collimator lumen 144 provides a 
square prism field of view for the detector 142, each 
detector 142 arrayed about the helmet housing 82 pref 
erably looking into the face of the cubic detection zone 
81 associated there with and seeing its own prism of tis 
sue. The collimator 140 length is preferably chosen so 
that the prismatic base of the field of view, as shown il 
lustratively in FIGS. 2A and 2B by the shaded areas, is 
only slightly larger than the cube face of the detection 
zone 81 at the distal side of the third detection zone 81 
in depth in a straight line based from the detector as 
sembly 95a in that direction or field of view. In addi 
tion, with the preferred collimator 140 of the present 
invention, the square prism field of view for the associ 
ated detector 142 preferably includes portions of the 
detection zones 81 in a three-by-three, nine-zone ma 
trix array about both the second and third detection 
zones 81 in depth in a straight line based from detector 
assembly 95a in the direction of view (entering the 
brain volume) in the plane of the respective second and 
third detection zones normal to the direction of view, 
with these second and third zones being at the center 
of the respective nine-zone matrix array in its respec 
tive plane. The preferred collimator 140, therefore, 
provides a preferred effective field of view three detec 
tion zones in depth, and a proportionate amount of 
such zones 81 which are in a three-by-three matrix 
array in the plane normal to the direction of view for 
both the second and third zones in depth in a straight 
line with these zones being at the center of each three 
by-three matrix array. Therefore, as will be explained 
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in greater detail hereinafter, the radiation emission 
quantified or detected by a given detector assembly will 
be a resultant value dependent on the contributions to 
this resultant provided by the respective radiation con 
centrations of the radioactive gas in the portions of the 
detection zones 81 contained within the preferred ef 
fective field of view 
This preferred optimal choice for the collimator 140 

is based upon the useful depth of view; that is, beyond 
a given depth of tissue, for the gamma energy of the 
preferred radioisotope Xe', the tissue attenuation and 
dispersion of radiation emission according to the in 
verse-square law only allows a negligible fraction of ra 
diation emission to actually arrive at the detector 142 
from these depths. Therefore, radiation emissions from 
beyond three detection zones 81 in depth are outside 
this effective field of view as they do not significantly 
affect the determinations of local cerebral blood flow. 
If it is desired to take these negligible amounts into con 
sideration, the collimator 140 may be designed so as to 
include these additional detection zones in its effective 
field of view. 
The detector 142 of the detector assembly 95a is 

preferably a semiconductor such as ultra high purity 
germanium. Such a solid-state detector 142 is particu 
larly applicable to the detection of gamma radiation of 
relatively low energy, such as the gamma radiation as 
sociated with the preferred gas Xenon' (81 Kev) with 
high energy resolution. This is of particular concern 
since gamma radiation is the preferred radiation emis 
sion to be detected, beta radiation not penetrating the 
skull of the patient. Such a preferred solid-state detec 
tor 142 absorbs the gamma radiation and generates 
secondary electrons in response thereto which signal is 
processed in the radiation detection signal processing 
circuit 67 associated with each of the detector assem 
blies 95. If desired, a crystal detector, such as a crystal 
of thallium-activated sodium iodide may be utilized in 
place of the solid-state detector. However, as shown 
and preferred in FIG. 6, when such a crystal is utilized, 
a photomultiplier 146 should preferably be utilized 
therewith due to the fact that such a crystal emits a very 
weak light photon when an energy quantum of the 
gamma radiation is absorbed by the crystal, the photo 
multiplier 146 converting this light photon into electri 
cal energy and amplifying it to a transmittable level in 
the form of electrical pulses. The crystal detector 142, 
in such an instance, is preferably interposed between 
the collimator 140 and the photomultiplier tube 146 so 
as to receive a gamma radiation emission input from 
the collimator 140 and provide an output to the photo 
multiplier tube 146 in response thereto. 
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SOLID STATE DETECTOR 

RADATION DETECTION SIGNAL PROCESSING 
CIRCUIT 
Now describing in greater detail the typical radiation 

detection signal processing circuit 67, shown in greater 
detail in FIG. 3, which is preferably utilized for each of 
the detection channels in which the preferred solid 
state detector is utilized as the detector 142. As was 
previously mentioned, the same processing circuit 67 
configuration is utilized for the Xenon' gas analyzer 
radiation detection signal processing circuit 74. There 
fore, a detailed description of this circuit is deemed un 
necessary. 
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Referring now to FIG. 3, the output of the solid-state 
detector assembly 95 for a typical detection channel or 
processing circuit 67 is preferably operatively con 
nected through a conventional charge sensitive pre 
amplifier stage i48 and conventional linear amplifier 
stage 150 to a conventional single channel analyzer or 
pulse height detector stage 152, such as a circuit com 
prising transistor-transistor logic (TTL), to preferably 
provide a TTL type output signal to the minicomputer 
buffer 60 which is indicative of the detected count in 
that detection channel, which signal is subsequently 
preferably fed to the general purpose computer 61. 
Since the three stages 148, 150 and 152 comprising the 
preferred radiation detection signal processing circuit 
67 are preferably conventional, a detailed description 
is deemed unnecessary. 

CRYSTAL DETECTOR - RADIATION 

DETECTION SIGNAL PROCESSING CIRCUIT 
If a crystal detector 142 fabricated of thallium 

activated sodium iodide is utilized in place of the pre 
ferred solid-state detector then the radiation detection 
signal processing circuit configuration shown in FIG. 6 
is preferably utilized for each of the detection channels 
in place of the detection signal processing circuit 67 
configuration previously described with reference to 
FIG. 3. 
Referring now to FIG. 6, the photomultiplier tube 

146 for a typical detection channel in which a thallium 
activated sodium iodide crystal is utilized as the detec 
tor 142 is preferably a conventional ten-stage photo 
multiplier having an individual voltage dividing net 
work, such as is provided by an RCA type 7767 multi 
plier phototube which has ten electrostatically focused 
dynode stages with in-line arrangement thereof. In the 
system 10 of the present invention, such a tube 146 is 
preferably magnetically shielded. A conventional high 
voltage power supply 170 is connected to the photo 
multiplier tube 146 via a conventional gain adjustment 
potentiometer 172 having an adjustable wiper arm 173 
so as to supply the required voltage necessary to excite 
the photo-cathode to its range of sensitivity to light. If 
desired, a single high voltage power supply 170 may be 
utilized to supply power to any number of photomulti 
plier tubes 146 in the detector assembly array. In such 
instance, a different gain adjustment potentiometer 
172 is preferably provided for each tube 146 so as to 
properly adjust the voltage for each of the individual 
detectors 142. The output of the photomultiplier tube 
146 is connected through a conventional pre-amplifier 
174 and amplifier 176 to a conventional discriminator 
stage or variable pulse height detector stage 178 whose 
function is to eliminate all pulses or voltages below and 
above a specified level so as to eliminate low voltage 
electrical noise and background counts or emissions 
outside of the energies to be detected. In addition the 
discriminator stage 178 preferably is provided with 
conventional means 179, such as a variable potentiom 
eter, for shifting the discriminator to another threshold 
level which would be appropriate for a different radio 
isotopic gas as well as to the optimal level for the pre 
ferred radioisotopic gas Xenon. The output of the 
discriminator stage 178 is preferably fed through a con 
ventional summing gate and pulse stretcher network 
180 whose output is preferably fed to the general pur 
pose computer 61 via the minicomputer buffer 60, if 
desired. 
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LOCAL CEREBRAL, BLOOD FLOW 

DETERMINATION SYSTEM METHOD OF OPER 
ATION 
General Description 
Now generally describing the preferred method of 

operation of the present invention in accordance with 
which the local cerebral blood flow determination sys 
tem 10 previously described is preferably utilized. In 
any local cerebral blood flow determination there are 
significant physical factors which affect this determina 
tion but which may be considered to be constants for 
a given patient whose local cerebral blood flow is being 
determined. However, these significant constants must 
preferably be initially determined for the patient. In uti 
lizing the system 10 in accordance with the preferred 
method of the present invention, the local cerebral 
blood flow is ultimately determined in accordance with 
the well known Fick-Kety expression of which one 
form is 

"C. Wat=F" (C-C) di 
- Int l 

where C equals the brain tissue radioisotope concen 
tration preferably in microcuries per gram; (C-C) 
equals the arterial-venous blood radioisotope concen 
tration difference, preferably in microcuries per gram; 
m equals the starting time of the local cerebral blood 
flow determination, preferably in seconds, F equals the 
local cerebral blood flow, preferably in microliters per 
gram per minute; W equals the weight of the tissue 
comprising the detection zone for which the local cere 
bral blood flow is being determined; and m equals the 
number of seconds after the beginning of the first inha 
lation by the patient during the data collection period. 
As will be explained in greater detail hereinafter, this 

Fick-Kety expression is preferably utilized for each of 
the detection zones 81 in which it is desired to deter 
mine the local cerebral blood flow therefor. Further 
more, it should be noted that the local cerebral blood 
flow determined in accordance with the preferred 
method of the present invention is preferably a quanti 
tative determination of cerebral blood flow for that de 
tection zone 81 for which the Fick-Kety expression is 
utilized (as opposed to a mean rate of flow for a region) 
which, as will be explained in greater detail hereinafter, 
is possible because the various factors in the Fick-Kety 
expression can be localized for each detection zone 81 
in accordance with the preferred method of the present 
invention. C. and C are related by the expression C 
(venous concentration)= C (brain tissue concentra 
tion -- r(tissue/blood partition coefficient for the gas), 
and the value of T can be determined. Furthermore, 
since the specific gravity of brain tissue is approxi 
mately equal to one, the weight of the tissue W is ap 
proximately equal to the volume of the detection zone 
81, which is also a known factor as it is predetermined 
by the structure which defines each of the detection 
zones 81. Therefore, the only unknowns involved in ap 
plying this Fick-Kety expression to the determination 
of a local cerebral blood flow is the tissue radiation 
concentration quantity C and the arterial blood radia 
tion concentration quantity Ca. It is in determining 
these quentities for the preselected discrete detection 
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zone 81 that the preferred method of the present inven 
tion is most useful. 

DETAILED DESCRIPTION 

Now describing the preferred method of operation of 5 
the present invention in greater detail. In utilizing the 
system 10 of the present invention, the headgear appa 
ratus 66 is preferably aligned on the patient's head so 
as to provide a specific and reproducible relationship 
to the patient's brain. As was previously mentioned, the 10 
headgear apparatus 66 is preferably aligned so as to be 
oriented as shown in FIG. 5 with the glabellar-sellar 
plane being the basal plane for the detector array of the 
rectangular helmet 82, the plane of detectors 95 in the 
top portion 88 of the helmet 82 preferably being paral- 15 
lel thereto. When the headgear apparatus 66 is so 
aligned, the other two preferred reference planes of the 
three reference planes which define the orientation or 
alignment of the head-gear apparatus 66 are, as was 
previously mentioned, the mid-saggital plane and the 20 
plane perpendicular to the basal plane and the mid 
saggital plane and tangent to the forehead, and the de 
tection zones 81 of the patient's brain are defined as 
shown in FIG. 5 by the dotted lines. 
As was also previously mentioned, the length of air 25 

space between the associated detector assembly 95 and 
the portion of the patient's scalp opposite that detector 
assembly 95 affects the radiation emission detected 
thereby. Therefore, it is both preferable and desirable 
that the length of air space between a particular detec- 30 
tor assembly 95 and the skull of the patient be known 
for purposes of the local cerebral blood flow determi 
nation. Accordingly, if a separate head-guage is utilized 
to measure the lengths of these air spaces, as was previ 
ously mentioned, the gauges 130 through 138, inclu-3 
sive, located in the helmet housing 82 must be checked 
to insure that the patient's head retains exactly the 
same position during the actual data collection period 
as during the time when the air space measurements 
were made. 

In addition, compensation should also preferably be 
made for the thickness of the patient's skull and the de 
gree of bone mineralization as these factors may intro 
duce errors in the measurements of radiation emission 
by the detector assemblies 95. These factors may be de 
termined by ultrasonic techniques such as are em 
ployed for neurologic echo-scanning. However, if the 
errors introduced by variations in bone mineralization 
are tolerable, then no additional compensation need be 
made for this factor. If the errors introduced by varia 
tions in skull thickness can be tolerated, no additional 
compensation need be made for this factor either. Cor 
rections for mean skull thickness and density are then 
sufficient. 
Once the headgear apparatus 66 is aligned in the pre 

ferred predetermined orientation or alignment posi 
tion, the balance of the local cerebral blood flow deter 
mination may be performed in accordance with the the 
present invention. The radioactive gas, which is prefer 
ably xenon', although other gases such as Krypton 85 
may be utilized if desired, is then dissolved in the pa 
tient's blood by means of the closed inhalation 
exhalation breathing system associated with the mask 
12. Throughout the actual data collection period, the is 
patient receives his air supply through this closed 
inhalation-exhalation breathing system. When the ac 
tual data collection is to commence, that is preferably 
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when the patient's breathing conditions, such as oxygen 
and carbon dioxide pressure, are stabilized as indicated 
by the carbon dioxide and oxygen analyzers 76 and 77, 
the minicomputer buffer 60 preferably sends a signal to 
the end-tidal sampler 62 which activates the sampler 62 
to turn it ON so as to preferably synchronize the initia 
tion of end-tidal sampling and the resultant radiation 
emission detection or counting times in the Xenon' 
gas analyzer detector assembly 65 with that of the de 
tector assemblies 95 associated with the headgear ap 
paratus 66 detector array. After this initial activation, 
the endtidal sampler 62 functions in a conventional 
manner throughout the duration of the data collection 
period, and its operation will not be described in 
greater detail hereinafter. Suffice it to say that the end 
tidal sampler 62 relay mechanism (not shown) is actu 
ated at the beginning and end of each breath by airway 
pressure changes within the closed breathing system 
resulting from these conditions; the end-tidal sampler 
62 functioning to extract end-tidal samples when acti 
vated by the gas pressure within the mask 12 reaching 
a given pressure at the end of the breath and continuing 
to sample until negative pressure arises at the beginning 
of the next breath. 
Subsequent to the initial turning ON of the end-tidal 

sampler 62, signifying the beginning of the actual data 
collection period, the actuation of the end-tidal sam 
pler 62 relay at the end of the patient's next breath ac 
tuates the Xenon' gas injector 40 solenoids (not 
shown) associated with valves 42 and 50. Gas injector 
40 thereafter injects a predetermined amount of the ra 
dioisotopic Xenon' gas into both the inhalation and 
the exhalation chambers 28 and 30, respectively, 
through the respective intermittently opened valves 42 
and 50, which thereafter close, and associated conduits 
44 and 48, respectively. The injected radioisotopic gas 
mixes with the air already contained in the chambers 
28 and 30. 
As the patient continues to breath normally, the air 

way pressure in inhalation conduit 16, and the closed 
breathing system as a whole, changes and demand 
valve 20 opens at the beginning of the next breath. The 
end-tidal sampler 62 relay is again actuated in response 
to this initial pressure change, which preferably sends 
an initial signal to the minicomputer 60, or if desired, 
directly to the measuring devices; namely, the radiation 
detection signal processing circuits 67 and 74, placing 
them in the data collection mode. This signal is prefera 
bly only sent at this initial time, the circuits 67 and 74 
remaining in this mode throughout the balance of the 
data collection period. In addition, a signal is also sent 
to the gas purification unit 32 which signal activates the 
unit 32 so as to refill the inhalation chamber 28 from 
the exhalation chamber 30 via the gas purification unit 
32 which removes excess carbon dioxide, adds oxygen 
to the closed breathing system, and filters the air con 
tained thereon. 
Each subsequent breath of the pateint during the 

data collection period causes the actuation of the end 
tidal sampler 62 relay mechanism at the beginning of 
the breath; the resultant operation of gas injector 40 to 
inject a predetermined quantity of radioisotopic 
Xenon' gas only into the exhalation chamber 30, 
valve 50 preferably remaining closed throughout the 
balance of the data collection period; the actuation 
again of the end-tidal sampler 62 relay mechanism at 
the end of the breath; and the resultant operation of gas 
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purification unit 32 to return the injected gas well 
mixed to the inhalation chamber 28 to be breathed by 
the patient. In this manner, the radioisotopic gas con 
centration in the blood is cuased to rise steeply since 
each breath contains a still higher concentration of the 
radioisotopic gas. 

Arterial Blood Radiation Concentration Determination 

Preferably, as was previously mentioned, in order to 
determine the arterial blood radiation concentration 
quantity C in accordance with the present invention, 
the alveolar or end-tidal gas concentration at the end 
of each breath is sampled in the manner previously de 
scribed above. This end-tidal gas sample is drawn 
through the coiled passageway 64 which, as was previ 
ously mentioned, contains a known total volume of the 
sampled gas. Detector assembly 65 “looks' at the 
coiled passageway 64 and preferably measures the 
gamma radiation emission emanating therefrom, which 
is equivalent to the gamma radiation emission in that 
known sample volume. The gamma radiation emission 
entering collimator 140 which is incident on detector 
142 is absorbed and causes the generation of secondary 
electrons which are amplified in the radiation detection 
signal processing circuit 74 to provide a pulse or signal 
which is the equivalent of the resultant radiation emis 
sion count of detector assembly 65. Since the lung gas 
in contact with the blood has essentially the same par 
tial pressure as the gas contained in arterial blood, and 
since it is this equilibrated gas which appears in the last 
part of each breath, the gas concentration in the last 
part of each breath is essentially equivalent to the con 
centration of the radioisotopic gas in arterial blood. 
This signal, which therefore is representative of the ar 
terial blood radiation concentration, is then preferably 
fed to the minicomputer buffer 60 for temporary stor 
age before being passed to the general purpose com 
puter 61 for processing along with the other collected 
data. 
As will be explained in greater detail hereinafter, 

each time an end-tidal sample is taken and the resultant 
arterial blood radiation concentration signal produced 
in accordance therewith, a point on an arterial concen 
tration curve is “created.' Most preferably, the data 
collection period duration is one minute and six deter 
minations at ten second intervals no, and m, n2, m3, 
m, and ms, as shown in FIG. 4, are made so as to "con 
struct' an arterial concentration curve for purposes of 
the local cerebral blood flow determination in accor 
dance with the Fick-Kety expression, this arterial blood 
radiation concentration quantity being represented by 
the term C. 
BRAN TISSUE RADATION CONCENTRATION 

DETERMINATION 

Now referring to the operation of the system 10 in ac 
cordance with the preferred method of the present in 
vention so as to provide the brain tissue radioisotope 
concentration quantity C for, preferably, each of the 
detection zones 81 so that this data may be processed 
in accordance with the previously stated Fick-Kety ex 
pression. The radioactive gas, which as was previously 
mentioned dissolves in the blood passing through the 
lungs, is delivered to the brain parts or detection zones 
81 in proportion to the local rate of blood flow. The re 
sultant gamma radiation emissions detected by the vari 
ous detector assemblies 95 included in the headgear 
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apparatus 66 detector array are a function of the 
amount of radioactive gas deposited, or radioisotope 
concentration, in the various detection zones 81 and 
the effective field of view associated with a given detec 
tor assembly 95. 
As was previously described, in the preferred system 

10 of the present invention the detector assemblies 95 
"look” at the brain from one hundred forty-four differ 
ent positions (or locations), and the degree of resolu 
tion or localization observed by each detector assembly 
95, that is, its effective field of view, is determined by 
the collimator 140 associated with the particular detec 
tor 142. In order to properly determine the rate of local 
cerebral blood flow, the radioactive gas must be admin 
istered to the patient in sufficiently high concentration 
to provide a statistically acceptable counting rate, or 
quantity of detectable radiation emission, in the pre 
ferred sampling interval which is 10 seconds, but not so 
high that the patient is endangered by the radiation. As 
was previously mentioned, the preferred square lumen 
collimator 140 has a length which provides the pre 
ferred three detection zone 81 useful depth of view for 
the preferred effective field of view, which field of view 
includes a proportionate amount of such zones 81 
which are in a three-by-three matrix array in the plane 
normal to the direction of view for both the second and 
third zones in depth in a straight line, with these zones 
being at the center of each three-by-three matrix array. 
This preferred collimator 140 represents the optimal 
compromise between an acceptable level of radioactive 
gas isotope administration and the collimator size suit 
able for localization. Each preferred detector 142, 
therefore, sees this preferred effective field of view of 
three detection zones in depth, the total or resultant ra 
diation emission observed by each detector 142, as was 
previously mentioned, being due to the radioisotope 
concentration present in the portions of each of the de 
tection zones 81 contained within the effective field of 
view of the particular detector 142. 
This relationship between the resultant radiation 

emission detected or observed by a given detector 142 
and the radioisotope concentration present in the por 
tions of each of the detection zones 81 contained 
within the preferred effective field of view of the detec 
tor 142 may be preferably defined by the following gen 
eral expression in which we have assumed, for purposes 
of explanation, that all the detection zones 81 are in 
cluded within the bone surrounding the patient's brain, 
although it would be obvious to one of ordinary skill 
how to readily modify the following expression to take 
into account the surrounding bone if the detection 
zones were defined so as to include this bone which, in 
such instance, could be considered as non-radioactive 
source bearing material. Before defining this expres 
sion, however, a nomenclature for the detection zones 
81 including the effective field of view, preferably must 
first be established so that this general expression may 
be preferably defined for a typical detection zone 81c. 
The general expression may be rewritten for each of 
the other 143 detection zones 81 in the array. 

For purposes of explanation, based upon the pre 
ferred effective field of view, and the preferred planes 
of orientation of the headgear apparatus 66, the given 
detector assembly 95c, for which the expression is de 
fined, shall be assumed to be located, in the most gen 
eral case, adjacent the center of the three-by-three 
Zone effective matrix array in the plane normal to the 
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direction of view, which array is three zones in depth 
from that plane so as to provide a three-by-three-by 
three matrix array effective volume comprising 27 de 
tection zones 81. Such an array is shown in FIG. 7A 
which is an exploded perspective view of this mathe 
matical model matrix array, the letter 'X' designating 
the center detection zone 81c associated with this de 
tector assembly 95c. Each detection zone within this 
effective matrix array will be defined by three coordi 
nates of position in the direction of view these coordi 
nates being depth, row, and column, in that order, 
where the column is in a vertical direction normal to 
the direction of view and the row is in a horizontal di 
rection normal to the direction of view; wherein A rep 
resents the designator for the plane of the first zone in 
depth; B represents the designator for the parallel plane 
of the second zone in depth; C represents the designa 
tor for the parallel plane of the third zone in depth; O 
represents the designator for the center row in each of 
the parallel planes (A, B, C) of the zones in depth; T 
represents the designator for each of the zones in the 
row above the center row in each of these planes (A, 
B, C) in depth; U represents the designator for each of 
the zones in the row below the center row in each of 
these planes (A, B, C) in depth; O represents the desig 
nator for the center column in each of these planes (A, 
B, C) in depth; R represents the designator for each of 
the zones in the column to the right of the center col 
umn in each of these planes (A, B, C) in depth; and L 
represents the designator for each of the zones in the 
column to the left of the center column of each of these 
planes (A, B, C) in depth. Utilizing this labeling system 
or nomenclature of designators, the zones 81 in the ef 
fective matrix array are designated as shown in FIG. 
7A, with AOO being the designation or coordinates de 
scribing the center detection zone 81c labeled X for the 
general case. 

In addition, as shown in FIG. 8, which is a diagram 
matic view of the useful depth of view in the effective 
field of view for the typical detector assembly 95c 
having a collimator 140c and a detector 142c, each de 
tection zone 81 is preferably further subdivided in 
depth in the direction of view 200 into equal volume 
thirds designated 1, 2 and 3 for the first zone in depth 
(bracket A); 4, 5 and 6 for the second zone in depth 
(bracket B) in the direction or axis of view 200; and 7, 
8 and 9 for the third zone in depth (bracket C) in the 
direction of view 200. For purpsoes of explanation, it 
shall be assumed that the radiation concentration con 
tained in each third of a detection zone 1 through 9, in 
clusive, may be represented by a point source at the 
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center of each of the detection zone thirds 1 through 
9, inclusive, along the direction or axis of view 200, the 
effective field of view preferably being symmetrical 
about this axis 200. These central point source loca 
tions are designated a, b, c, e,f, g, h, j, and k, for detec 
tion zone thirds 1 through 9, inclusive, respectively. 
Since, as was previously mentioned, the effective 

field of view is preferably symmetrical about the axis of 
view 200, utilizing the above defined nomenclature, we 
can thereby define the following equalities with respect 
to the geometric proportionate amount of the various 
detection zones contained within the effective field of 
view of zone X 81c which zone X 81c has coordinates 
AOO: BRO-BOT=BLO=BOU; BRUFM 
BLU=BRT=BLT; CRO=COT=CLO-COU; and 
CRU=CLU=CRT-CLT. It should be noted that these 

65 

20 
equalities relate only to the geometric proportionate 
amounts of these zones which are present and not to 
the various radiation concentrations which are present 
in these zones, which concentrations may differ. In ad 
dition, the preferred collimator 140c is designed so that 
the effective field of view does not include ARO, ALO, 
ART, AOT, ALT, ARU, AOU and ALU; in other 
words it includes no other zones than AOO in plane A. 
Now that we have defined our nomenclature, and 

taking into account the above identified equalities and 
the previously mentioned assumptions, the general ex 
pression defining the relationship between the resultant 
radiation emission detected by a given detector 142c at 
position AOO, which is the starting zone or point of 
entry of its effective field of view into the array, and the 
radiation concentration present in the portions of each 
of the detection zones 81 contained within the pre 
ferred effective field of view of detector 142c is as fol 
lows, letting Proo represents the detected resultant ra 
diation emission or counting rate resulting from the 
contributions of all the detection zones 81 within the 
effective field of view; e represents the efficiency of the 
detection system; 8 represent the fraction of radioiso 
tope remaining since its original assay at the time of the 
data collection for the local cerebral blood flow deter 
mination (loss due to radioactive decay); s represent 
the factor expressing the attenuation of radiation by the 
scalp and skull; Ad represent the area of the detector 
142c; K represent the dimensional constant; u repre 
sent the total attenuation constant for gamma radiation 
of a specific energy (in square centimeters/gram); t 
represent the thickness of brain tissue through which 
the radiation is attenuated (in grams/square centime 
ter) in multiples of one-sixth of a zone; l represent the 
distance from the center of each one-third of a zone to 
the detector 142c along the axis of view 200; V 
represent the volume of each one-third of a zone; 
VPosition represent the effective pyramidal intercept of 
volume for one-third of a zone whose positional coordi 
nates are represented by the three proper coordinates 
for a given “POSITION' (see FIG. 7), VPosition, in 
cluding compensation for the collimatr factor, which is 
the projected area of the detector 142c divided by the 
total area of the detector 142c as seen through the col 
limator 140c; and Iposurrow represent the radiation con 
centration (in microcuries) of radioisotope contained 
within the one-third of a zone whose positional coordi 
nates are represented by the three proper coordinates 
for a given “POSITION" (see FIG. 7): 

Cpl. to-a KA65s 
Vr PTAoos = toovoo 

epito-b cuto-c 
l? HIAooVAsoo l? -- IAgooVAsoo 

et to-e epito-t 
- l2 

-IBooVBoo -IBooVBoo 

epito-g 

- l 

epito-h 

l, HIBooVBoo IcooWooo 

epito-k 
l 

epito-i 

l? IcsooVcsoo --IcooV coo 

epito-e 
--VBot l? (IBoT-IB, Rot-IBlot-IBou) 
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to 
--VBoT 8 f f (IBoth IBRot-IB.Lo - IBoU) 

uto 

+Vot (IBOT-IBRot-IBLo-FIBou) 

"Ato-h 
--Vcot 8 t (IcoT IcRo-IcLo - I cou) 

epito-j 
--Vcot (IcoTIcRot-IceLot IcsoU) 

pito-k 

--VcoT t (Icott IcoRo IceLo - I cou) 

ep: to-e 

l --Velt (IBLT-IBRUIBLU-IBRT) 

"itor-f t; (IBLT-IBRU-IBLU-IBRT) --VBLT 

epito-g 
--WBLT (IBLT IBRU-IBLU-IBRT) 

pito-h 

--VcLT s (IcLTICRU - IcLU-IcRT) 

pito 
+ Volt . (IcLT-IcaRU + IcLU + IcsRT) 

pito-k 
--Vor e i. (IcLT-FICRU + IcLU + IcRT) 

When all the constants for the system 10 at the time 
of the data collection are solved for the appropriate 
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terms combined, and letting C through C represent 
these constants, this expression may be reduced to: 

Praoo = Claoo + Clboo + Calcoo + C.(Ibot-i Ibro 
-- IBLo -- IBou)-- Cs(Icon + 1 cro + IcLo+ Icot) -- Cs(IBRT 

-- IBLT -- IBRU + Blu) + C (ICRT + IcLt.-- Icru + Iclu) 
The above preferred expanded general expression 

for PT, as can be observed, includes corrections for 
tissue attenuation of the gamma radiation originating 
at various depths within the brain; i.e., in other detec 
tion zones, as well as for the inverse square relation 
ship between counts detected and distance. 

It should be noted that taking the above general ex 
pression, in conjunction with FIGS. 7A, 7B and 8 and 
providing each actual detection zone with a unique 
identifier, such as Z-1 through Z-144, inclusive (FIG. 
7B), this expression can then be readily rewritten by 
inspection by anyone with ordinary mathematical skill 
for any one of the 144 detection zones 81 in the array 
by assuming it to be located at this cenler position rela 
tive to its effective field of view and substituting the 
equivalent identifiers Z-1 through Z-144, inclusive, 
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which correspond to the above subscripts which relate 
to the position of this zone and the portions of the 
zones contained within its effective field of view, the 
effective fields of view being identical for each detector 
142. For example, if the detection zones 81 are 
uniquely identified by numbering consecutively left-to 
right, row-by-row starting at the top row as shown in 
FIG. 7B, and a given detector is located by position ad 
jacent the zone designated Z-8, where AOOFZ-8, 
ALO=Z-7, ARO =Z-9, ALU =Z-13, AOU= Z-14, 
ARU =Z-15, ALT=Z-1, AOT=Z-2, ART=Z-3, 
BOO= Z-32, BLO=Z-31, BRO = Z-33, BLUZ-37, 
BOU=Z-38, BRU=Z-39, BLT=Z-25, BOT=Z-26, 
BRT=Z-27, COO =Z-56, CLO=Z-55, CRO =Z-57, 
CLU=Z-61, COU=Z-62, CRU =Z-63, CLT-FZ-49, 
COT-Z-50, and CRT-Z-51, the above described gen 
eral expression for P, the detected resultant radiation 
emission, assuming the constants for the system 10 at 
the time of the data collection to have been solved for 
and appropriate terms combined, for the detector 142 
adjacent zone Z-8, would be rewritten as: 

It should further be noted that some of the terms in 
the general expression may be zero when this expres 
sion is written for a detector 142 whose effective field 
of view contains a portion or portions which fall outside 
the 144 detection zone array into which the brain is 
preferably subdivided, such as a detector which is lo 
cated at a corner or along the outer periphery of the 
array (such as at position Z-1 in FIG. 7B in the exam 
ple given). In such instance the effective twenty-seven 
zone matrix array, only 19 of which are "seen,' will 
have portions or zones that do not exist as actual prede 
fined detection zones within the effective field of view 
within the subdivided brain volume. For example, uti 
lizing the same numbering system (FIG. 7B) as in the 
previous example, if the given detector is located by 
position adjacent the zone designated Z-1, which is a 
corner, where the following equivalents now exist, the 
numeral 0 indicating that the zone does not exist, 
AOO = Z-1, ALO = 0, ARO = Z-2, ALU = 0, 
AOU = z-7, ARU = Z-8, ALT = 0, AOT = 0, 
AOT = 0, ART = 0, BOO =Z-25, BLO = 0, BRO = 
Z-26, BLU= 0, BOU = Z-31, BRU = Z-32, BLT = 0, 
BOT = 0, BRT-0, COO = Z-49, CLO = 0, CRO = 
Z-50, CLU = 0, COU= Z-55, CRU = Z-56, CLT = 
0, COT = 0, and CRT = 0, the above described 
general expression for PT for the detector 142 adjacent 
zone Z-1 would be rewritten as: 

Prz-i-Cz-Calzas Calz-40-C4(Olz-26-0-Hz-31)+Cs. 
(0-Hz so-0-12-ss)--C(0-0-2-3-0)--C(0--0--12-5-0) 

which reduces to 

Similarly, after a system of providing each detection 
zone 81 with a unique identifier Z-1 through Z-144, in 
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clusive, is established, the expression for P can there 
fore, as was previously mentioned, be rewritten by in 
spection for each detector 142 in the array thereby 
preferably providing 144 counting expressions P for 
the various parts of the same tissue volume. Since, as 
can be observed from the foregoing general expression 
for Pr, the quantity of detected radiation emission is di 
rectly related to the tissue radioisotope concentrations 
in the portions of the detection zones contained within 
the effective field of view, the tissue radioisotope con 
centration quantity C, which is equivalent to I for a 
given detection zone, for each of the individual detec 
tion zones can be determined from the actual resultant 
radiation emissions observed by the detector array of 
the helmet housing 82, by solving these 144 equations 
or expressions for PT simultaneously. 
As was previously mentioned, the minicomputer buf. 

fer 60 preferably collects the counted radiation emis 
sions which have been processed by the radiation de 
tection signal processing circuitry 67, preferably com 
pleting a full-scan cycle for all of the detectors in the 
array before the last pulse or signal from the array has 
decayed, so as to provide tissue radiation emission sig 
nals from each of the 144 detectors associated with the 
helmet housing 82 every 10 seconds for the preferred 
1 minute data collection period during which the blood 
radioisotope concentration is raised by breathing the 
Xenon' gas. At the end of the preferred one minute 
data collection period, the minicomputer buffer 60 
then preferably transfers this data to the general pur 
pose computer 61, if it is available, which is pro 
grammed in conventional fashion to solve the 144 si 
multaneous equations for each 10-second period. The 
mini-computer 60, then preferably goes "OFF-line' 
and this "computer-OFF' signal is utilized to operate 
valves 52 and 54 so as to change the mask 12 intake 
from the inhalation chamber 28 to room air, and the 
mask 12 has outflow to the exhausthood instead of the 
exhalation chamber 30. Thereafter in a few breaths, 
most of the radioisotopic gas will have been breathed 
out of the patient and into the exhausthood. If desired, 
if the general purpose computer 61 is not available at 
this time, the minicomputer 60 may go "OFF-line' so 
as to operate valves 52 and 54 and store the collected 
data for processing at a later time by the general pur 
pose computer 61. In any event, if desired, at the com 
pletion of the data collection period, when the mini 
computer 60 has collected all the data, it may transmit 
a signal which can be utilized to operate valves 52 and 
54. 
After the collected resultant radiation emission data 

has been transferred to the general purpose computer 
61, the computer 61 then preferably "constructs' a 
curve of the rate of change in tissue radioisotope con 
centration I or C in each brain part or detection zone, 
utilizing the six tissue radioisotope concentrations I 
quantified for each brain part or detection zone at the 
10-second sampling intervals. Such a representative 
curve is shown by way of example in FIG. 4 by curve 
210, the sampling intervals being represented by mo, 
m, m, m3, m, and ms. As was previously mentioned, 
the computer 61 also "constructs' a curve for the rate 
of change of radioisotope concentration C in arterial 
blood for these time intervals no through n, inclusive, 
which curve is represented by the curve 212 in FIG. 4. 
Curve 210 provides the tissue radioisotope concentra 
tion characteristic C for the detection zone while curve 
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202 provides the arterial blood radioisotope concentra 
tion characteristic C. The computer 61 thereafter pref. 
erably determines the rate of local cerebral blood flow 
for each of the 144 detection zones or brain parts utiliz 
ing these characteristics or curves 210 and 212 in ac 
cordance wih the previously described Fick-Kety ex 
pression, the shaded area in FIG. 4 between curves 210 
and 212 illustratively representing the integral portion 
of this Fick-Kety expression. 
When utilizing the system of the present invention, if 

desired, the computer 61 may be programmed in a con 
ventional manner to determine cerebral blood flow dif 
ferences above and below a normal level and only to 
provide a print-out of the data within specific levels of 
abnormality, such as a print-out of all detection zones 
in which the blood flow is 20 to 40 percent below nor 
mal. Furthermore, if desired, the computer 61 may be 
programmed in a conventional manner to provide a 
printout of the local cerebral blood flow in each of the 
detection zones irrespective of whether such blood 
flow is normal or abnormal or, if desired, the computer 
60 may be programmed in a conventional manner to 
write the local cerebral blood flows on a "brain map.' 
It will become apparent to one of ordinary skill in the 
art, that the local cerebral blood flow data may be uti 
lized in a multiplicity of fashions depending on the de 
sired diagnostic use of this information. 
Summarizing the preferred method of operation of 

the present invention, the headgear apparatus is 
aligned in the predetermined position on the head of 
the patient; the patient then inhales the radioactive gas 
in a closed inhalation exhalation breathing system; the 
last part of the patient's breath is end-tidal sampled at 
10-second intervals during a 1 minute data collection 
period to provide an arterial blood radiation concentra 
tion characteristic; the headgear apparatus detector ar 
ray, which has subdivided or defined 144 detection 
zones in the brain, quantifies the resultant radiation 
emission at each detector at the 10-second sampling 
intervals, which information is processed in accordance 
with the counting expression P for each detection zone 
to provide 144 simultaneous equations to the computer 
which solves these equations to provide a tissue radia 
tion concentration characteristic; and the computer 
processes the tissue radiation concentration character 
istic and the arterial blood radiation concentration 
characteristic in accordance with the Fick-Kety expres 
sion to provide a local cerebral blood flow for one or 
more of the 144 detection zones. 
By utilizing the apparatus of the present invention 

local cerebral blood flow can be determined in a rapid 
and efficient manner with minimal discomfort to the 
patient. Furthermore, this information can be provided 
in any desired format which will enhance its usefulness 
as a valuable diagnostic tool for the physician. 

It is to be understood that the above described em 
bodiment of the invention is merely illustrative of the 
principles thereof and that numerous modifications and 
embodiments of the invention may be derived within 
the spirit and scope thereof, such as by dissolving the 
concentration of a radioactive substance in the blood 
by other than inhalation of a radioactive gas or by uti 
lizing arterial catheterization, such as of the carotid ar 
tery, to determine the arterial blood radioisotope con 
centration, although these alternatives are not as desir 
able. In addition, it should be understood that an exact 
integration may be substituted for the approximations 
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utilized in the counting expression without departing 
from the present invention. 
What is claimed is: 
1. An apparatus for use in quantitative localized cere 

bral blood flow analysis of a patient's brain having irra 
diated cerebral blood flowing therethrough comprising 
headgear means, said headgear means including a 
housing, said headgear housing including means for 
mounting said headgear on said patient's head in a pre 
determined position with respect to the brain, said 
headgear means further including a plurality of radia 
tion emission detection means mounted in said housing 
in a multiplanar array comprising a plurality of substan 
tially mutually perpendicular planes with respect to 
said brain, said mounted array being cooperatively as 
sociated with said headgear mounting means for defin 
ing a plurality of quantitative radiation emission detec 
tion zones for said brain for quantitatively localizing 
said irradiated cerebral blood flow when said headgear 
means is mounted in said predetermined position, each 
of said Zones having an associated radiation concentra 
tion and resultant radiation emission dependent on said 
irradiated cerebral blood flow, each of said detection 
means having an associated effective field of view 
which includes an associated intercepted volume of 
said brain comprising at least a portion of one or more 
other zones of said plurality of quantitative radiation 
emission detection zones, said detection means being 
mounted in said mutually perpendicular planes with 
said associated intercepted volumes being spatially re 
lated to each other, whereby the radiation concentra 
tion in each detection zone due to said irradiated cere 
bral blood blow is resolvable in three dimensions from 
said detected radiation emissions. 

2. An apparatus in accordance with claim wherein 
said plurality of radiation emission detection means is 
equal to said plurality of quantitative radiation emis 
sion detection zones. 

3. An apparatus in accordance with claim 2 wherein 
said plurality of radiation emission detection means 
comprises at least 144 of said detection means. 

4. An apparatus in accordance with claim 1 wherein 
said multiplanar array of radiation emission detection 
means comprises a substantially rectangular array com 
prising five planes, a portion of said plurality of detec 
tion means being arranged in each of said planes, said 
five planes including two pair of substantially parallel 
spaced apart planes, each of said parallel pairs of 
planes being substantially perpendicular to the other, 
and another plane which is substantially mutually per 
pendicular to each of said parallel pairs of planes, each 
of said spaced apart parallel pair of planes being on op 
posite sides of said patient's head when said headgear 
is in said predetermined position. 

5. An apparatus in accordance with claim 4 wherein 
each of said portions of radiation emission detection 
means are arranged in plurality of rows and columns in 
an associated plane. 

6. An apparatus in accordance with claim 5 wherein 
each row in each of said parallel pairs of planes con 
tains an equal quantity of radiation emission detection 
eas, 

7. An apparatus in accordance with claim S wherein 
said quantity of radiation emission detection means in 
each of said rows of each of said parallel pairs of planes 
and said other plane comprises at least six detection 
eas. 
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8. An apparatus in accordance with claim 7 wherein 

said quantity of detection means in each column of said 
parallel pairs of planes and said other plane comprises 
four detection means, and said plurality of detection 
means comprises at least 144 of said detection means. 

9. An apparatus in accordance with claim 8 wherein 
said multiplanar array further comprises six radiation 
emission detection means arranged in a row in each of 
a different pair of mutually perpendicular planes, each 
plane of said different pair intersecting one parallel 
plane of one of said parallel plane pairs at an angle of 
45 to a normal to said said intersected plane. 

10. An apparatus in accordance with claim 5 wherein 
said quantity of radiation emission detection means in 
each of said columns of each of said parallel pairs of 
planes comprises at least four detection means. 

1. An apparatus in accordance with claim 4 wherein 
said multiplanar array further comprises a portion of 
said radiation emission detection means arranged in a 
different pair of substantially mutually perpendicular 
planes with respect to said brain, one of said planes of 
said different pair of planes intersecting one parallel 
plane of one of said parallel pairs of planes at a prede 
termined angle with respect to a normal to said inter 
sected plane, the other of said planes of said different 
pair of planes intersecting said other parallel plane of 
said one pair at a predetermined angle with respect to 
a normal to said plane, said predetermined angles being 
equal. 

12. An apparatus in accordance with claim 1 wherein 
said plurality of radiation emission detection means 
comprises at least 144 of said detection means. 

13. An apparatus in accordance with claim 1 wherein 
at least one of said radiation emission detection means 
includes collimator means for defining said associated 
effective field of view for said detection means. 

14. An apparatus in accordance with claim 13 
wherein said radiation emission detection means in 
cluding said collimator means further includes a means 
responsive to radiation emission cooperatively associ 
ated with said collimator means for quantifying said lo 
calized cerebral blood flow. 

15. An apparatus in accordance with claim 14 
wherein said collimator means has a radiation emission 
inlet end and a radiation emission outlet end, said inlet 
end being adjacent to said patient's head and said out 
let end being adjacent to a portion of said responsive 
means when said hadgear is in said predetermined posi 
tion, one of said collimator ends comprising a lumen of 
predetermined configuration, said effective field of 
view being dependent on said lumen configuration. 

16. An apparatus in accordance with claim 15 
wherein one of said collimator ends comprises a lumen 
of substantially square configuration. 

17. An apparatus in accordance with claim 14 
wherein said responsive means includes means for pro 
viding a quantitative photoelectric response in re 
sponse to a resultant radiation emission from said por 
tion of quantitative radiation emission detection zones 
within said effective field of view. 

18. An apparatus in accordance with claim 14 
wherein said responsive means includes crystal means 
having a lumen area for providing a quantitative pho 
ton emission in response to a resultant radiation emis 
sion from said portions of quantitative radiation emis 
sion detection zones within said effective field of view, 
said collimator means substantially limiting said re 
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sponse to said radiation emission from within said ef 
fective field of view. 

19. An apparatus in accordance with claim 18 
wherein said crystal includes thallium-activated sodium 
iodide. 
20. An apparatus in accordance with claim 18 

wherein said crystal comprises a semiconductor means. 
21. An apparatus in accordance with claim 20 

wherein said semiconductor means is a silicon semicon 
ductor means. 
22. An apparatus in accordance with claim 20 

wherein said semiconductor means is a germanium 
semiconductor means. 
23. An apparatus in accordance with claim 14 

wherein said collimator means has dimensions for pro 
viding optimal localization of said cerebral blood flow, 
said optimal localization being dependent upon a pre 
determined quantity of radiation emission to be de 
tected and a predetermined degree of spatial resolution 
with respect to said patient's brain when said headgear 
is in said predetermined position. 
24. An apparatus in accordance with claim 14 

wherein said responsive means includes means for pro 
viding a quantitative electrical response in response to 
a resultant radiation emission from said portions of 
quantitative radiation emission detection zones within 
said effective field of view. 

25. An apparatus in accordance with claim 24 
wherein said responsive means includes means for pro 
viding secondary electrons in response to said radiation 
emission. 
26. An apparatus in accordance with claim 1 wherein 

said radiation emission detection means includes a 
means responsive to radiation emission for quantifying 
said localized cerebral blood flow. 
27. An apparatus in accordance with claim 26 

wherein said responsive means includes means for pro 
viding a quantative electrical response in response to a 
resultant radiation emission from at least a portion of 
a portion of said plurality of quantitative radiation 
emission detection zones. 
28. An apparatus in accordance with claim 27 

wherein said responsive means further includes means 
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for processing said electrical response to provide said 
quantified localized cerebral blood flow. 

29. An apparatus in accordance with claim 28 
wherein said processing means includes discriminator 
means having a preselected electrical value corre 
sponding to a predetermined electrical equivalent 
value of radiation emission. 

30. An apparatus in accordance with claim 29 
wherein said discriminator means includes means for 
providing a new preselected value in accordance with 
a new corresponding electrical equivalent value of radi 
ation emission. 
31. An apparatus in accordance with claim 27 

wherein said responsive means includes photomulti 
plier means for providing said electrical response in re 
sponse to said radiation emission. 
32. An apparatus in accordance with claim 1 wherein 

said mounting means includes means for aligning the 
headgear in said predetermined position. 

33. An apparatus in accordance with claim 32 
wherein said alignment means includes means for con 
tacting the patient's head in an alignment position 
when said headgear is in said predetermined position. 
34. An apparatus in accordance with claim 32 

wherein said alignment means includes a plurality of 
means for providing an alignment position of said head 
gear, said alignment position corresponding to said pre 
determined position, at least one of said plurality of po 
sition providing means being associated with a different 
plane of said multiplanar array. 
35. An apparatus in accordance with claim 1 wherein 

said headgear housing comprises a helmet housing. 
36. An apparatus in accordance with claim 1 wherein 

said mounted multiplanar array comprises a plurality of 
removably mountable radiation emission detection 
modular means. 
37. An apparatus in accordance with claim 1 wherein 

each of said radiation emission detection means in 
cludes an associated collimator means for defining said 
associated effective field of view for said associated de 
tection means. 
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