
II I IIIIII IIII IIIII I I I III I 

An Analysis of the Arterial Input Curve for 
Technetium-99m-HMPAO: Quantification of 
rCBF Using Single-Photon Emission Computed 
Tomography 
Alberto Pupi, Maria Teresa R. De Cristofaro, Lucia Bacciottini, Davide Antoniucci, Andreas R. Formiconi, 
Mario Mascalchi, and Ugo Meldolesi 

Sezione di Medicina Nucleare, Dipartimento di Fisiopatologia Clinica. LI.0. Cardiologia. USL IO/D Firenze, and Sezione 
di Radiotogia, Dipartimento di Fisiopatologia Clinica, Universita di Firenze, Firenze, Italy 

Arterial radioactivity content after the intravenous administra- 
tion of HMPAO in seven human subjects was analyzed. 
Arterial sampling of 99mTc-HMPAO was performed on each 
subject over a 25-min period postinjection. The lipophitic 
fraction of the tracer present in the blood was rapidly ex- 
tracted with octanol. An analysis of the time course of the 
extracted and nonextracted octanol fractions was performed 
in order to calculate the arterial input of the tracer available 
for brain extraction. HMPAO net regional brain clearances 
were then calculated and compared with rCBF values ob- 
tained in the same patients using 99~l'c-microspheres injected 
into the left ventricle of the heart. HMPAO brain clearances 
were 0.41 ___ 0.01 and 0.27 +_ 0.01 ml/min/g for grey and 
white matter, respectively. Linear regression analysis was 
performed and the following result was obtained: 

Clearance (HMPAO) = 0.07 + 0.43 • rCBF 

with a high significance (p < 0.001). This equation can be 
used for the transformation of HMPAO clearances into rCBF 
values. Our study demonstrates that by using HMPAO and 
SPECT it is possible to obtain a quantitative estimate of rCBF 
in humans. 
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Yechnet ium-99m-d ,  l-hexamethyl - propylene - amine- 
oxime, HMPAO (Ceretec, Amersham Ltd, Buckingham- 
shire, England) is a blood-brain barrier-crossing (BBB) 
tracer. It remains trapped in the brain, in relation to rCBF 
(1). Analysis and description of the kinetics of this tracer 
in the brain eventually led to the formulation of an algo- 
rithm that corrects for extraction limitation and backflux 
of HMPAO, This results in a more linear relation between 
rCBF and HMPAO distribution (2). Quantitative ap- 
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proaches have also been attempted using autoradiography 
and the measurement of the tracer arterial input function 
(3). The major limitations in assessing arterial input func- 
tion were identified as the combination of the circulating 
radioactive tracer (diffusible) and its non-BBB crossing 
radioactive conversion products (non-diffusible) (4). it is 
quite difficult to separate the two previously mentioned 
fractions. If we compare the speed with which the former 
is transformed into the latter in the blood, and the time 
needed for typical analytical procedures (paper or column 
chromatography), then the reason for this difficulty be- 
comes obvious. Andersen et al. (4) applied the rapid 
octanol extraction technique--first proposed for N-isopro- 
pyt-p-[~23I]iodoamphetamine (5)--to study and measure 
the arterial concentration of the lipophilic fraction in 
humans. This technique was not subsequently used to 
quanti~ rCBF with HMPAO. Matsuda et al. (6) reported 
a quantitative approach using a model which took both 
brain and blood tracer kinetics into account. Kinetic pa- 
rameters were obtained with a multiparametric fitting 
based on multiple fast SPECT acquisitions as well as 
arterial radioactivity sampling. 

The present work analyzes the arterial radioactivity 
content in humans after intravenous injection of HMPAO. 
It focuses on the separation of different tracer fractions, 
using the octanol extraction technique. The SPECT meas- 
urement of brain activity and the data from the analysis 
of the previously mentioned technique enabled us to cal- 
culate the net regional brain HMPAO clearance values. 
The latter were then compared to the rCBF values obtained 
in the same subjects using 99mTc-microspheres. Our results 
demonstrate that it is possible to obtain a quantitative 
estimate of rCBF using HMPAO and single-photon emis- 
sion computed tomography (SPECT). 

MATERIALS AND METHODS 

Patients and Protocol 
Seven right-handed male patients (aged between 40 and 70 yr), 

affected by cardiova~ular disease (without overt cardiac failure) 
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and needing left heart catheterization with left ventriculography 
and coronary angiography, were recruited for this study. Descrip- 
tive data and clinical characteristics of the patients are reported 
in Table I, All patients gave their informed consent. 

Patients showed no previous history of neurologic disease and 
no neurologic symptoms were found on examination. A magnetic 
resonance imaging (MRI) study (Philips, Gyroscan, 0.5 T) also 
was performed in five of them. Of these, one patient refused MRI 
on account of claustrophobia. MRI, however, demonstrated no 
ti~suc alteration in the other four patients. The suical and ven- 
tricular spaces werc within the normal range, considering the age 
range of the patients. SPECT with HMPAO was performed first: 
two days later brain SPECT was performed following the injection 
of microspheres into the left ventricle during cardiac catheteri- 
zation. 

Tracers 
Human serum albumin microspheres, particle size 15 urn, 

(Spherotec-S, Sorin, Satuggia, Italy) were labeled with '~'~Tc, (2 
GBq in 5 ml ofsaline). They were then sonicated (USR05, Julabo 
Labortecnic, GMBH) until the moment  of injection. 

The ..... 'Tc-HMPAO complex was obtained by adding 3 ml of 
fresh eluent of . . . . . .  Tc-pertechnetate solution (2 GBq) to 0.5 mg of 
freeze-dried HMPAO in commercially supplied vials. Immedi- 
ately betbre the injection of the tracer, the radiochemical purity 
(RCP) of H MPAO was assessed using paper chromatography, as 
de~'ribed elsewhere (7), and was found to be 97.2% ___ 0.74% 
(mean + s.e.m.). 

HMPAO Study 
A No. 20-gauge catheter (RA-04020-E, Arrow, Reading, PA) 

was inserted into the radial artery of the left arm under local 
anesthesia (Lidocaine 2%). The catheter was directly connected 
to the tube (0.03 in. in inner diameter, Elkay, U.K.) of a peristaltic 
pump (Minipuls 2, Gilson, France). One empty pre-weighed vial 
was used to collect a 20-see blood sample so as to calculate the 
pump outlet in mg/min. Blood density was taken as t.05 g/mt 
(81. The pump was set at its maximum speed for a mean flow of 
1.4 ml/min. The inlet-outlet transit time of the withdrawal tubing 

TABLE 1 
Descript ive Data and Clinical Character is t ics of Pat ients 

Patient 
no. Sex 

iii i i i  

1 M 

2 M 

3 M 

4 M 
5 M 

6 M 

7 M 

Age Heart disease 

56 Anterior Ml, LV aneurysm, LV dis- 
function 

66 Anterior and inferior MI, LV aneu- 
rysm, postinfarction angina 

40 Effort angina with severe perfusion 
defect in m°;TI MS 

61 Infero-lateral MI, postinfarction angina 
54 Silent inferior MI, postinfarction silent 

ischemia 
51 Non-Q anteroseptal MI, postinfarction 

silent ischemia 
70 Non-Q anteroseptal MI, postinfarction 

silent ischemia 

LV = left ventricle; MI = myocardial infarct; and MS = myocardial 
scintigraphy 

system (pump included) was 7 sec. A venous cannula was inserted 
into an antecubital vein of the right arm. The HMPAO dose (1 
GBq in 1.5 ml) was pre-loaded into a tube connected to this 
cannula and then rapidly flushed with a 20-ml saline bolus. On 
injection, continuous arterial sampling was started and the with- 
drawal flow was regulated by the peristaltic pump. Sampling 
lasted 25 min and consisted of collecting consecutive 5-see sam- 
ples for the first 3 min and then a 5-sec sample each minute. The 
arterial blood samples were collected by placing the distal end of 
the peristaltic pump tube directly inside the vials containing 1 ml 
of octanol (E. MercK, D-6100 Darmstadt, Germany). Each vial 
was mechanically shaken on collection. When arterial sampling 
was completed, the vials were centrifuged (1500 g for 10 min) to 
separate the two phases, and 500 ul of the octanol phase were 
transferred into an empty vial. This vial and the one containing 
the remains of the biphasic system were counted in a well counter 
(t 197, Gamma Counting System, Searle Analytic Inc.). The 
octanol-extracted radioactivity (PER) and the total radioactivity 
(TR) were calculated. The difference between TR and P E R  was 
calculated as the nonextracted radioactivity (NOER). HMPAO 
SPECT followed the arterial sampling (i.e., 35 min after the 
injection of the tracer). 

Analysis of the HMPAO Blood Samples 
The time courses ofTR,  OER, and NOER are shown in Figure 

1. They are determined by the following: (1) the input function 
of HMPAO in the blood stream, (2) the blood-tissue exchanges 
in the capillary+ spaces, and (3) the conversion of the radioactive 
diffusible fraction (DR) into the non-diffusible one (NDR). DR 
cannot be expected to maintain a constant concentration in the 
blood since, on the one hand, it converts to NDR and, on the 
other, it passes into the tissue where it is trapped in part. There- 
fore. if" DR alone were extracted in the octanol phase, the OER 
curve would progressively decrease until it reached the sensitivity 
limit of the counting system (well counter). On the contrary, we 
found that the final part of the OER curve shows a plateau phase 
which starts at a plateau time (Pt) and moves forward (Fig. 1). In 
our opinion, this could be explained by having: 

1. PER represents not only DR, but also a fraction of NDR 
extracted by octanol (NDRv). 

2. PER contains solely NDR~, for t>Pt: 

To try+ and quantify DR, we propose the following assump- 
tions: 

I. NDR+ is proportional to NOER in relation to a factor K. 
2. K is constant during the entire arterial sampling. 

FIGURE 1. Time course 
of the various fractions of ra- 
dioactivity in the arterial blood 
in a representative case (Pa- 
tient 6). TR = total radioactiv- 
ity; NOER = nonoctanol ex- 
tracted radioactivity; PER = 
octanol-extracted radioactivity; 
DR = diffusible radioactivity. 
Data are normalized to the 
peak of TR. The dotted line 
delineates the plateau time 
(Pt). 
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The proportionality factor K can be estimated as the mean of the 
OER/NOER ratios of  all the samples with t>Pt, since for such 
time 

OER(t)/NOER(t) = NDRE(t)/NOER(t) = K t > Pt. 

Thus, DR is to be calculated as: 

DR(t) = O E R ( t ) -  [NOER(t) • K]. 

Figure 1 also reports the time course of DR. This curve 
approaches zero a few minutes after the injection of HMPAO. In 
this way, it allows the end time of the experiment (ETE) to be 
defined. ETE is defined as the time in which the DR(t) integral 
reaches 99% of its 25th min value (Fig. 2). The DR(t) integral 
nearly reaches a constant value a few minutes after the injection 
(Fig. 2), while the integrals of TR and, to a lesser extent, OER 
continue to increase. The stable final value of the DR(t) integral, 
denoted by Qapao, represents the total radioactivity available for 
extraction across the BBB. In the experiment, QapAo was decay- 
corrected to the time of middle HMPAO SPECT acquisition. 

Microsphere Study 
Under  sterile conditions a No. 8F sheath was positioned in the 

right femoral artery using percutaneous puncture. A No. 7 pigtail 
catheter was inserted and advanced to the apex of the left ventri- 
cle. A 60-cm tube was attached to the side arm of the sheath to 
collect blood from the femoral artery. Arterial withdrawal was 
controlled by a peristaltic pump (Minipuls 2, Gilson, France) 
equipped with a catheter with an inner diameter of 0. l I inches 
(Elkay, U.K.). One empty pre-weighed vial was used to collect a 
blood sample for 20 sec, so as to calculate the pump outlet in 
mg/min.  Blood density was assumed to be 1.05 g/ml (8). The 
pump was set at its maximum speed which corresponded to a 
mean flow of 12 ml/min.  

Two million microspheres, labeled with 1 GBq of 99mTC, were  

injected into the left ventricle with a stow 20-ml saline bolus. 
Blood was collected in separate heparinized vials (one every 20 
sec) and the collection continued until 4 min after the injection. 
Left ventriculography and coronary angiography were performed 
once arterial sampling had been completed. Blood samples were 
centrifuged ( 1500 g for 15 rain) and the supernatant was separated 
in order to discard the radioactivity not bound to microspheres. 
The remainder was counted in a well counter (1197 Gamma 
Counting System, Searle Analytic Inc.). The radioactivity content 
(QaM0 was integrated until the end of the arterial sampling, but 
it was virtually non-existent at the end of the 2nd min. Then 
QaM~ was decay-corrected to the time of middle microsphere 

SPECT acquisition. 
Following radiologic examination, the patients were referred 

to the Nuclear Medicine Unit and brain SPECT was performed. 
The latter was begun 45 min after microsphere injection. 

SPECT Study 
Both HMPAO and microsphere brain SPECT were performed 

using a dual head rotating camera (Rotacamera, Siemens Gam- 
masonics, Des Plains, IL), equipped with ultra high-resolution 
collimators. Linear sampling of the projections measured 4.5 mm 
on both planes. Ninety projections were acquired with each 
camera head during a 360 ° rotation. The projection time lasted 
25 sec for the HMPAO SPECT and 15 sec for the microsphere 
SPECT, so as to balance the number of counts acquired. Recon- 
struction was performed using data from both camera heads, 
using the iterative least squares algorithm, which compensates for 
collimator spatial response and affords a FWHM of 8 mm (9). 
Ten iterations resulted in optimum image quality. 

Both SPECT studies were orientated (10) on the fronto-occip- 
ital line (11 ) and were anatomically matched. Two slices, each 9 
mm thick, were selected at the supraventrieular and midthalamic 
levels (Fig. 3). A superimposition algorithm (I2) was used to find 
the spatial correspondence between microsphere and HMPAO 
images. For each case studied, 21 anatomical ROIs, delineating 
various cortical and subcortical structures, were drawn manually 
by an experienced physician (MTRDC). 

A cross-calibration factor (CCF), which was specific for each 
ROI, was calculated as described elsewhere (13), using an ana- 
tomical midthalamic brain phantom (for the midthalamic level) 
and a cylindric phantom, 15 cm in diameter, (for the supraven- 
tricular level). CCF enabled us to express ROI activity concentra- 
tions (Cispr~cT) in counts/ml with the same efficiency as the well 
counter used to count blood samples. 

Data Analysis 
In the same way. net regional brain HMPAO clearance (rClr~o) 

and rCBF values were calculated as the ratio: 

(CisPI-cx" Fa)/Qa, 

where CispL,~c~, Qa and Fa are the tissue radioactivity concentra- 
tion, the arterial input and withdrawal rate of the pump (ml/ 
min), for HMPAO and microspheres, respectively. The HMPAO 
retained fractions (RF) were calculated for each ROI as the ratio: 

ICIp~o/rCBF. 
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FIGURE 2. The inte- 
grated arterial concentration of 
the various fractions of radio- 
activity in a representative 
case (Patient 6). Data are nor- 
malized to the 25th rain value 
of the integral of TR. The ver- 
tical dotted line shows the end 
time of the experiment (ETE). 

2 

FIGURE 3. Nine-millimeter thick anatomically matched micro- 
spheres and HMPAO SPECT slices of one case (Patient 2). The 
grey/white ratio is 1.55 for microspheres and 1.33 for HMPAO. 
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RESULTS 

The K proportionality factor, determined from the 
analysis of the arterial curve, averaged 0.12 ! _+ 0.013 
(mean + s.e.m.). In other words, it can be said that, in the 
blood, there is 12% of lipophilic radioactivity which is 
non-diffusible. ETE was 635 _+ 35 sec (mean _ s.e.m.), 
i.e,, about 10 rain after the injection there is no diffusible 
radioactivity in the blood. 

The visual inspection of microsphere and HMPAO 
images shows that microsphere images have a higher con- 
trast. However, the regional distribution of the two tracers 
is quite similar (Fig. 3). 

The rCBF and rCir~.,,, values (mean _+ s.e.m,) and the 
volume of the tissue samples are summarized in Table 2, 
which reports a selection of the brain regions examined. 

The rCBF values range from 0.28 to 0.96 ml/min/g, 
and three-quarters of them are above 0.6 ml/min/g. The 
rClp~,, values range from 0.19 to 0.59 ml/min/g, and three- 
quarters of them exceed 0.33 ml/min/g. The mean RF of 
HMPAO for the 147 ROts is 0.55 +_ 0.10 (mean _+ s.d.). 

An rCBF and rCl o .... plot is reported in Figure 4. The 
linear regression equation is: 

rCt~, .... = 0.07 + 0.43 • rCBF.  

The analysis of variance of the regression gives a highly 
significant F value (F = 176, p < 0.001). 

When the regression analysis between rCBF and rClp,o 
was done on a patient-by-patient basis, the intercept value 
resulted in 0.07 _ 0.02 and the angular coefficient value 
resulted in 0.43 +__ 0.02 (mean _ s.e.m.). The p value was 
always below 0.001. 

DISCUSSION 

The development of single-photon labeled tracers that 
become trapped in the brain as a function ofrCBF enables 
SPECT to be used to quantitate brain perfusion. Given 
the inherent characteristics of SPECT acquisition (rota- 

TABLE. 2 
Mean rCBF and rCi~o Values 

ROIs volume rCBF rCl~o 
Region (cm 3) (ml/min/g) (ml/min/g) 

HHII 

AS frontal 6.97 _+ 0.25 0.743 _ 0.030 0.399 + 0.018 
PS parietal 9.63 _+ 0.15 0.721 + 0.017 0.406 + 0.018 
Cingulum 7.60 ± 0.35 0.902 ± 0.017 0.473 _ 0.021 
Prefrontal 6.40 +_ 0.26 0.730 _+ 0.021 0.392 + 0.023" 
Temporal 6.77 _+ 0.22 0.716 - 0.022 0.393 _+ 0.020 
Occipital 3.99 ± 0.26 0.778 _ 0.023 0.403 _+ 0.022 
Thalamus 2.88 ± 0,18 0.811 + 0.024 0.431 _ 0.026 
Basal ganglia 3.62 ± 0.12 0.692 + 0.029 0.415 _+ 0.024 
Cen. semiovale 4.50 _+ 0.20 0.486 ± 0.026 0.282 ___ 0.019 
Frontal white 1.21 _+ 0.08 0,418 ± 0.017 0.248 _+ 0.016 
Grey/White ratio 1.69 _+ 0.05 1.57 _+ 0.04 

Values are expressed as mean _+ s.e.m. 
AS = anterosuperior and PS = posterosuperior. 
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FIGURE 4. Comparison of 
rCBF and rCl~o. The plot re- 
ports 147 points, correspond- 
ing to the 21 ROIs extracted in 
each of the seven patients. The 
continuous line represents the 
linear regression. 

tion), the method of choice used with SPECT relies on 
single tissue concentration measurement (i.e., autoradi- 
ographic method). To be correctly applied, this method 
requires an ETE to be established. For tracers with brain 
kinetics described by the one-compartment model (e.g., 
iodoantipyrine), ETE corresponds to the moment of sac- 
rifice in animal experiments. On the other hand, for two- 
compartment model tracers, ETE is determined by the 
biologic behaviour of the tracer. In fact, it corresponds to 
the moment when the circulating activity no longer dif- 
fuses across the BBB and the brain retained tracer is 
completely entrapped. 

In the case of HMPAO, the first requisite is satisfied 
since, l0 min after the injection, brain activity is stable for 
a sufficient length of time to enable SPECT acquisition 
(7). As to the second requisite, the blood still retains some 
radioactivity that cannot diffuse across the BBB (TR curve 
in Fig. 1). Thus, the measurement of total blood activity 
does not represent the arterial input function into the 
brain. Our results show that a minimal quantity of OER 
is still present until the 25th minute postinjection (p.i.). 
We want to emphasize that a 25% increase in the integral 
of OER may consequently follow from the 10th to the 
25th min p.i. (Fig. 2), while the integral of DR increases 
only by about 1% in this same time interval. 

Our hypothesis that OER contains an aliquot of NDR 
(NDRE~) is based on the following: after injection, the 
activity concentration in the brain (which can be consid- 
ered a probe for the presence of DR in the blood) does not 
increase after the first few minutes, while OER remains 
significant. As regards the composition of NDR~, the 12% 
value of the NDRE/NOER ratio can, in part, be justified 
by the 1% partition coefficient octanol:blood of the hydro- 
philic forms of HMPAO (4) and by the blood:octanol 
volume ratio of t :8.5 used in this study. In fact, Andersen 
et al. (4) demonstrated that the arterial octanol extracted 
radioactivity, corrected for the partition coefficients of the 
other radioactive compounds in the blood, reaches very 
low levels (about 1%). 6-10 min after the injection. Our 
results are consistent with Andersen's data. Moreover, we 
suggest that perhaps octanol also extracts a fraction of 
NDR, which is probably still lipophilic but is not available 
for extraction across the BBB (HMPAO bound to Iipopro- 
teins and chilomicra) (4). If this is so, NDRE can be 
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considered a "false signal" for the octanol extraction tech- 
nique. 

Our assumption as regards the constancy of K (NDRE/ 
NOER) during the arterial sampling is important. A chro- 
matographic analysis (paper or liquid chromatography) 
that separates NDRE from DR could further support this 
assumption. However, it is worth noting that the weight 
of the correction based on the K value that we propose is 
not linear in time, since it is proportional to NOER. 
Indeed, the correction weight is minimal in the first part 
of the arterial sampling, when the final arterial input value 
is largely determined. Instead, the correction effect be- 
comes significant near the end of the sampling (Fig. 2), 
when the constancy of K is demonstrated by the plateau 
in the course of the OER/NOER curve (Fig. 1). 

The choice of microspheres as a reference tracer is 
favourable from a technical point of view, since the same 
radioactive label (~mTc) and the same instrumentation are 
used. Unfortunately, the microsphere method, although it 
is well-documented in experimental animals (14) and in 
human subjects (15), is not widely used because of the 
difficulty associated with the route of administration. 

Our results show cortical rCBF values which are higher 
than those reported in the study in humans with micro- 
spheres and PET (15). Indeed, Brooks et al. (15) sampled 
brain activity with circular ROIs measuring 2 cm in di- 
ameter. For such ROIs, their FWHM (17 mm) gives a 
"relative ECT value" of 0.65 (16). Therefore, according to 
Brooks et al., their cortical samples are approximately 50% 
white and 50% grey matter. Our SPECT FWHM (8 mm) 
would yield a "relative ECT value" close to 1 for the same 
sized ROIs. Therefore, it is more likely that our anatomical 
cortical ROls measure the activity content of the cortex 
alone. 

Moreover, considering that the brain is composed of 
about 62% white matter and 38% grey matter (17), our 
average rCBF values for grey and white matter (0.74 and 
0.45 ml/min/g, respectively) yield a total brain blood flow 
of 0.56 ml/min/g. This is in accordance with the values 
reported by Lassen for the entire brain (18). 

Microsphere images show a higher contrast than the 
HMPAO ones. This result is consistent with the extraction 
limitations and back-flux of HMPAO while the micro- 
spheres are trapped and retained. 

For these same kinetic differences, rClp~o values are 
systematically lower than rCBF values. Since both extrac- 
tion limitation and back-diffusion are flow-dependent 
mechanisms, a non-linear relationship should be expected 
between the two measures. This result would also be 
expected from the various contrasts of microsphere and 
HMPAO SPECT images. The high significance of linear 
regression between rCBF and rClpao is probably related to 
the limited range of the perfusion values of our series 
(0.28-0.96 ml/min/g). The linear regression is therefore 
valid only in this range. Furthermore, the linear regression 
that we obtained is also consistent with the various con- 

trasts of microsphere and HMPAO SPECT images, be- 
cause the regression intercept is above zero (0.07 
ml/min/g). 

In this limited range, the regression parameters can be 
used in a "data model" to obtain perfusion values from 
rClpao values. Assuming that the parameters regulating the 
brain kinetics of HMPAO can be considered stable with 
time in the same subject and between different subjects, 
rClp,,, itself--because of the high significance of the regres- 
sion with rCBF--can be used directly as a perfusion index 
for clinical use. 

With regard to the HMPAO retained fraction in the 
ROIs studied, we found a value of 0.55 ___ 0.10 (mean _+ 
s.d.). Lassen et al. (2) report a mean retained fraction of 
0.38 _+ 0.06 (E*R') for the entire brain in neurologic 
patients. The difference between these two results may, in 
part, be attributed to the following: the different type of 
subjects studied, the small sample size of both series and 
the different cerebral volumes sampled (entire brain versus 
brain regions). Moreover, the two studies are methodolog- 
ically different and in our procedure the correction for 
attenuation and scatter is far from being a deterministic 
one. 

We believe that rClp, o is the best approximation of rCBF 
values that can be provided by slowly rotating gamma 
camera SPECT devices. Indeed, when our data model is 
applied, the rCl~,, data can be converted into rCBF. 

We suggest introducing our method to evaluate the 
diffusible input in a more complete modelistic approach 
such as that proposed by Matsuda et at. (6). This would 
help reduce the number of fitted parameters by eliminating 
the blood conversion rate constant. 

In conclusion, a strong correlation exists between brain 
perfusion and the SPECT measurement of rClp,o with the 
method presented in this work. The study of a wider 
subject population with both microspheres and HMPAO 
may be useful to assess the use of data models such as the 
linear regression that we used. However, it must be remem- 
bered that the clinical application of this method may 
prove quite critical in the transfer of the data model 
approach from controls to patients. 
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EDITORIAL 

Toward Absolute Quantitation of Cerebral Blood Flow Using 
Technetium-99m-HMPAO and a Single Scan 

A simple method for estimating ab- 
solute regional cerebral blood 

flow (rCBF) using a '~9"Tc radiophar- 
maceutical would be useful for re- 
search and clinical applications. In 
our own clinical studies using ""mTC- 
HMPAO, we often ponder whether 
the activity in the right hemisphere is 
down or the left hemisphere up and 
whether blood flow is globally 
changed. It would be helpful to have 
ready answers to such questions, and 
the work of Pupi et al. is a welcome 
step in that direction. 

Techniques to quantitate rCBF 
using kinetic analysis of '~mTC- 
HMPAO uptake require fixed-ring 
cameras that are sufficiently sensitive 
to sample regional brain activity on a 
minute by minute basis. Kinetic ap- 
proaches also require a lengthy and 
sophisticated analysis, and in general, 
the estimation of rate constants can 
be biased significantly by relatively 
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small systematic errors in data acqui- 
sition. Thus, a kinetic analysis of 
HMPAO uptake, while theoretically 
sound and very much appropriate for 
research, is not at all suited to routine 
clinical use. 

In contrast, the technique described 
by Pupi et al. requires only one 
SPECT measurement of regional 
brain activity, performed at a time 
after injection when the amount of 
radiopharmaceutical in the brain is 
essentially stable. This single-scan ap- 
proach makes it possible, in theory,, to 
quantitate rCBF using any SPECT 
system. Since the amount of brain 
activity depends not only on flow but 
also on the amount of radiopharma- 
ceutical delivered to the brain, the 
single-scan technique still requires 
substantial laboratory, work: after 
rapid arterial blood sampling, the por- 
tion of ~9mTc-HMPAO that is freely 
diffusable across the blood brain bar- 
tier must be distinguished from total 
blood activity through a rapid octonoI 
extraction technique. The resulting ar- 
terial input function is summarized 
by its integral, which, along with the 

single SPECT measurement of brain 
activity, is used to compute a regional 
brain clearance of HMPAO. 

The authors compare the regional 
clearance of HMPAO with rCBF 
measured through the injection of mi- 
crospheres into the left ventricle dur- 
ing angiography. The microsphere 
technique is theoretically sound and 
serves as an excellent standard against 
which quantitation using HMPAO 
can be validated. One drawback of the 
experimental design is that the 
HMPAO and microsphere studies 
were performed on different days, ap- 
parently without controlling factors 
which may affect rCBF, such as 
changes in sensory stimulation and 
ventilation. 

While the single scan approach 
would significantly simplify and 
therefore extend the ability to measure 
cerebral blood flow, the technique in 
its present form may not yet be ready 
for routine use. One concern is that, 
after placement of an arterial line, the 
performance of rapid blood sampling 
and octonol extraction is at least mod- 
erately labor-intensive. Before switch- 
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