
Studies examining the acute or subacute effects of electro
convulsive therapy (ECT) in depressed patients have shown
reductions in rCBF (23â€”26)and CMR (18,27,28). Concerning
the long-term effects of ECT, a significant reduction in rCBF,
measured by the 133Xe rCBF technique, was observed in
patients with remission 0â€”3mo after ECT (23), with a return to
baseline 4â€”12mo afterECT (17,23). Another â€˜33Xe(29) study
found that response to ECT was associated with decreased
global and rCBF, whereas nonresponse was associated with
increased flow. In contrast to these 133Xe studies, a recent

@Tc-HMPAOpreliminary assessment (Vasile RG, Bradely
FM, Bloomingdale KL, SchildkrautJJ, unpublished observa
tions, 1994) revealed increased perfusion after response to a
course of ECT.

Although most studies support this contention, the evanes
cent natureof the functionalcerebralimpairmentin depression
is still to be ascertained, along with the precise adaptations
accompanying remission. To address these queries, we exam
med W@@@Tc@HMPAOuptake in a group of medication-free
depressed patients before and after a course of treatment with
ECT.

MATERIALS AND METhODS

Sub@
Twenty inpatients with major depression who had not responded

to antidepressant medication were included in the study after
having provided written informed consent (15 women, 5 men;
mean age 59 Â±9.8 yr, range 41â€”73yr). All patients met DSMIII-R
criteria for major depressive disorder (MDD) (30) ( 11 unipolar, 9
bipolar) and had scores of at least 18 on the Hamilton Rating Scale
for Depression (HAM-D) (31); two patients fulfilled DSMIII-R
criteria for MDD with mood-congruent psychotic features. No
patient had undergone ECT in the 12 mo before the study, and all
had ceased taking antidepressant medication for at least 1 wk and
antipsychotic medication for at least 1 mo before the ECT course.
Occasional administration of short-acting benzodiazepines or chlo
ral hydrate was permitted, but not within 12 hr of SPECT imaging.
No other psychotropic medication was given for the duration of the
study. All patients were right-handed, as determined by a standard
ized, detailed interview.Patientstaking somatic medicationthat
might affect SPECT evaluation and those with a history of
neurologicaldisorder,head traumaassociatedwith loss of con
sciousness, suicide attempt, substance abuse or any current, severe
medical condition were excluded from the study.

Administration of ECT
Electroconvulsive therapy was administered two or three times a

week. Anesthesiaandmuscle relaxationwere inducedby intrave
nous administration of methohexital (0.5 mg/kg body weight
[b.w.]) or pentothal (1.0â€”1.5mg/kg b.w.) and succinylcholine
(0.5â€”1.0mg/kg b.w.). Electrode placement was bilateral frontotem
poral for all patients, and a brief pulsed, bidirectional, constant
stimulus was administered using MECTA-SRI or Thymatron
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Finctionalbrainimagingresearchinaffectivedisordershas
recently gained increased attention (1 ). Consistent with mea
surements derived from PET (2â€”8),decreases in global as well
as regional cerebral blood flow (rCBF) in depressed patients
have been reported by tomographic (9â€”13) and nontomo
graphic (14â€”16) imaging techniques. However, several inves
tigators (1 7â€”19)did not observe such differences. Furthermore,
most findings (with some exceptions [19]) indicate that severity
ofdepression is inversely correlated with rCBF, as measured by
â€˜33Xe(14,15), HMPAO (10,20) and iodoamphetamine(IMP)
(9), and with cerebral metabolic rate (CMR), as measuredby
PET (2,3).

Only a few studies have examined the effect of antidepressant
treatments and associated remission on CMR or rCBF. In
creases in CMR (2) and rCBF (9) and normalization of
leftâ€”rightasymmetries (3) have been observed in patients with
remission from depression. However, no change in CMR
despite remission has also been reported (5). Three recent
studies that examined rCBF (20,21 ) and CMR (22) in de
pressed patients before and after treatment with sleep depriva
tion found changes (both increases and decreases) confined to
responders.
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FiGURE1.Regionsofinterestwithinthe
threetemplates.F = frontallobe;ST =
supetior temporal lobe; MT = middle
temporal lobe; 0 = occipital kbe;
ACG= anteriorcingulategyrus;PCG=
postenor cingulate gyrus; BG = basal
ganglia; TH = thalamus; P = parietal
lobe; PrO = parieto-occipital cortex;
SCG = superior cingulate gyrus.
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devices. Seizures were monitored with two-channel electroen
cephalography (EEG) and clinically in a cuffed limb. Dosage
variables were adjusted during the course of treatment to elicit
clinical seizures exceeding 20 sec or EEG seizures exceeding 25
sec (but less than 1 mm), or both (32). Oxygenation through a face
mask (100% oxygen) was provided throughout the procedure until
resumption of spontaneous breathing. The ECT course was con
tinued until a stable response had been achieved and (except in one
case) for up to 12 treatments if the patient did not respond (mean
9.6 Â±1.7 [range 7â€”14]treatments per patient).

Scan Acquisition and Image Processing
SPECT imaging was performed 2â€”4days (mean 2.8 Â±0.5)

before the beginning of the ECT series and 5â€”8 days (mean 6.8 Â±
1.1) after its termination.

All subjects received an intravenous injection of 740 MBq of
9@Tc-HMPAOand were in a quiet, dimmedroom, in a supine
position with eyes open and ears unplugged. Image acquisition
began after approximately 30 mm. Patients were in a recumbent
position, with head immobilized on a head rest and secured with
Velcro straps. In addition, marks with 9@Tc were made on the
canthus and external auditory meatus, allowing accurate localiza
tion of the orbitomeatal line (OML).

SPECT images were obtained with a single-head rotating
gamma camera equipped with a low-energy,high-resolutioncolli
mator. Data were collected in 60 projections, 25 sec per projection.
Processing included normalization, backprojection, filtering, trans
axial reconstruction and attenuation correction. Reconstruction was
carried out with a Hanning filter on a 64 X 64 matrix and a slice
thickness of 1 pixel (3.655 mm). Resolution of the system was 11
mm (full width at half maximum).

Data Malysis
Semiquantitative SPECT analysis was performed by applying

preformed templates to transaxial SPECT slices, parallel to the
OML. Three templates were used, based on a standardized brain
atlas (33) delineating anatomic structures at approximately 4, 6 and
7 cm above the OML. Regions of interest (ROIs) were defined on
these templates (Fig. 1). The size of the template could be visually
adjusted so that its contour would generally fit any brain size (Fig.
2). The size of the ROIs within the templatewas relativeto the
dimensions of the template while the layout was constant.

The rCBF ratio was calculated for each ROI using the average
number of counts divided by maximal cerebellar uptake and was
subsequently used for all statistical comparisons. The data were
analyzed separately for each hemisphere in the three transaxial
brain slices. This method was selected after comparing rCBF

measures normalized to the ipsilateral cerebral cortex; results were
not different from those presented.

Because @Tc-HMPAOuptake values were not normally dis
tributed in our patient group, nonparametric statistics were used to
compute significance levels. Pretreatment 99mTc@HMPAOuptake
values were compared between responders and nonresponders and
with ECT results by means of the Wilcoxon Signed Rank test, and
pre-ECT versus post-ECT uptake values were compared by the
same procedure in responders and nonresponders separately. The
rCBF values were correlated with clinical ratings using the Spear
man rank order test; p values greater than 0.05 are indicated as
nonsignificant(n.s.).TheBonferronicorrectionformultipletesting
was applied at a confidence level of 0.05, and significant values
that survived correction are indicated. The Mann-Whitney U-test
and chi-square test were used to compare background and clinical
variables. Results are presented as mean value Â±standard devia
tion (s.d.).

RESULTS

@1InIcaICharacteristics
Eleven of the 20 patients respondedto ECT with at least a

60% reduction in the pretreatmentHAM-D score and mainte
nance of the remitted state for at least 1 wk after the treatment
course. There was no significant difference in background and
clinical characteristics between the responder and nonresponder
groups, apart from post-treatment HAM-D scores (p < 0.0005).

SPECTResults
Differences between pre-ECTand post-ECT99mTc@HMPAO

uptake ratios were initially evaluated for the group of subjects
as a whole (n = 20). Significant differences were observed only
in the transaxialbrainslice 6 cm above the OML, the anterior

FIGURE2.TranSaXIaISPECTimage
at 6 cm above the OMLwith the
corresponding template as overlay.
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RegionLeft

hemisphereRIghthemisphereBefore

ECTAfter ECTSignificanceBefore ECTAfterECTSignificanceResponders(df=10)Frontal0.77

Â±0.0880.78 Â±0.082ns0.78 Â±0.1080.78 Â±0.061nsSup
temporal0.75 Â±0.0860.80 Â±0.0900.020.80 Â±0.0710.82 Â±0.084nsMed
temporal0.82 Â±0.0590.88 Â±0.0670.010.82 Â±0.0540.86 Â±0.063nsOccipital0.89

Â±0.0460.91 Â±0.0700.050.88 Â±0.0500.92 Â±0.076nsAnt
cingulate0.71 Â±0.0750.81 Â±0.0760.004*0.72 Â±0.0690.82 Â±0.0650.004*Post
cingulate0.71 Â±0.0360.82 Â±0.0550.004*0.71 Â±0.0570.83 Â±0.0580.004*Basal
ganglia0.80 Â±0.0820.87 Â±0.0850.010.78 Â±0.1030.86 Â±0.0920.02Thalamus0.76

Â±0.0830.80 Â±0.075ns0.73 Â±0.1010.78 Â±0.063nsGlobal0.80
Â±0.0590.84 Â±0.0620.020.80 Â±0.0660.84 Â±0.057nsNonresponders

(df = 8)

TABLE I
Uptake Ratios (Mean Â±s.d.) in 11 Responders and 9 Nonresponders to Electroconvulsive Therapy at 4 cm above the

Orbitomeatal Une

Frontal0.71 Â±0.0900.69 Â±0.066ns0.73 Â±0.0900.72 Â±0.037nsSup
temporal0.72 Â±0.0570.71 Â±0.042ns0.76 Â±0.0670.75 Â±0.049nsMed
temporal0.85 Â±0.0520.81 Â±0.058ns0.83 Â±0.0670.82 Â±0.030nsOccipital0.87

Â±0.0520.85 Â±0.050ns0.85 Â±0.0580.85 Â±0.056nsAnt
cingulate0.73 Â±0.0670.68 Â±0.127ns0.76 Â±0.0600.70 Â±0.131nsPost
cingulate0.81 Â±0.0880.77 Â±0.082ns0.80 Â±0.0710.78 Â±0.087nsBasal
ganglia0.76 Â±0.1190.76 Â±0.058ns0.77 Â±0.1090.79 Â±0.050nsThalamus0.71

Â±0.1310.73 Â±0.025ns0.70 Â±0.1540.74 Â±0.054nsGlobal0.78
Â±0.0580.76 Â±0.014ns0.78 Â±0.0680.77 Â±0.013ns

*@g@ffi@j@levelsurvn,ed Bonferronicorrecbonfor muttipletesthg.
ECT = electroconvulsive therapy;df = degrees of freedom; ns = not signiticant Sup = superior@Med = medial;Ant = anterior@Post = posterior.

and posterior cingulate gyms of the left hemisphere (p = 0.04
and p = 0.03, respectively) and the posterior cingulate gyrus of
the right hemisphere (j = 0.002). Only the difference in the
right posterior cingulate gyrus survived Bonferroni correction.
We then compared rCBF values in depressed subjects with a
diagnosis of unipolar disorder with those in subjects with a
diagnosis of bipolar disorder, both before and after ECT. No
differences were found in either assessment. Furthermore,
response or nonresponse to ECT was not associated in any way
with polarity (p = 0.74). Subsequently, data were analyzed
separately for responders (n = 11) and nonresponders (n = 9)
to ECT.

Responders showed a significant increase in uptake ratios 4
cm above the OML for multiple areas as well as globally in the
left hemisphere, and for the anterior and posterior cingulate and
basal ganglia of the right hemisphere (Table 1). The most
significant change in the anterior and posterior cingulate re
gions of both hemispheres survived Bonferrom correction. In
the brain slice 6 cm above the OML (Table 2), the responders
showed significantly increased uptake in the anterior and
posteriorcingulate gyri bilaterally(survived Bonferronicorrec
tion) and in the parietallobe ofthe righthemisphere.In the slice
7 cm above the OML (Table 3), a significant bilateralincrease
was observed in the frontal and parietal lobes, the parieto
occipital region and in global perfusion of the responders.

In patients who did not respond to ECT, no statistically
significant change in 9@Tc-HMPAO uptake ratio was observed
in any of the three brain slices. In contradistinction to the
responders whose 9@'Tc-HMPAO uptake ratios increased after
ECT throughout almost all regions examined, pretreatment
values in the nonresponders were higher than post-treatment

values in 33 regions within the three transaxial slices (Tables
1â€”3).

We then compared pretreatmentrCBF ratios in responders
and nonresponders. No statistically significant differences were
found, with the exception of the right posterior cingulate gyrus
in the transaxial slice 6 cm above the OML, which survived
Bonferronicorrection(responders:0.90 Â±0.07; nonresponders:
1.00 Â±0.07; p = 0.008).

Correlationalanalysis between HAM-D scores and 9@Tc
HMPAO uptake ratios for all patients before and after ECT
demonstrated significant inverse correlations, particularly after
ECT, in many brain regions of the three slices as well as
globally (Table 4). A numerical measure of the change in
HAM-D scores and @Tc-HMPAO uptake was derived by
subtraction ofthe respective post-ECT values from the pre-ECT
values. Correlations between these changes are shown in Table
4 (â€œDifferenceâ€•columns). The degree of improvement was
positively correlated with the extent of increase in @â€˜@Tc
HMPAO uptake in many brain regions and globally over the
left hemisphere.Forthe brainslices 6 and 7 cm above the OML,
brain regions exhibiting significance (after Bonferroni correc
lion) for the â€œdifferenceâ€•variable were similar to those dem
onstrating increased uptake in patients who responded clinically
to ECT.

DISCUSSION
The present study found that depressed patients who re

sponded to ECT showed a significant increase in rCBF, whereas
nonresponders demonstrated no change. An inverse correlation
between the severity of depression and @mTc@HMPAOuptake
was detected, and clinical improvement was positively corre
lated with an increase in 9@Tc-HMPAO uptake.
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Lefthemisphere RighthemisphereRegion

BeforeECT AfterECT p Value BeforeECT AfterECT pValueResponders

(df =10)Frontal

0.74 Â±0.068 0.74 Â±0.101 ns 0.77 Â±0.073 0.76 Â±0.061nsPanetal
0.77 Â±0.061 0.79 Â±0.075 ns 0.78 Â±0.057 0.82 Â±0.0460.02Occipital
0.91 Â±0.090 0.89 Â±0.091 ns 0.90 Â±0.083 0.89 Â±0.074nsAnt

cingulate 0.74 Â±0.078 0.84 Â±0.106 0.008* 0.75 Â±0.071 0.86 Â±0.1040.004*Post
cingulate 0.93Â±0.089 1.04Â±0.076 0.004* 0.90Â±0.074 1.02Â±0.0780.004kGlobal

0.78 Â±0.058 0.79 Â±0.074 ns 0.79 Â±0.053 0.81 Â±0.048nsNonresponders

(df =8)Frontal

0.71 Â±0.096 0.69 Â±0.048 ns 0.72 Â±0.089 0.73 Â±0.032nsParietal
0.78 Â±0.073 0.73 Â±0.028 ns 0.78 Â±0.067 0.77 Â±0.041nsOccipital
0.87 Â±0.059 0.82 Â±0.047 ns 0.87 Â±0.049 0.83 Â±0.063nsAnt

cingulate 0.79 Â±0.116 0.77 Â±0.087 ns 0.77 Â±0.113 0.80 Â±0.078nsPost
cingulate 0.98 Â±0.088 0.97 Â±0.068 ns 1.00 Â±0.071 0.97 Â±0.086nsGlobal

0.77 Â±0.073 0.73 Â±0.025 ns 0.77 Â±0.069 0.77 Â±0.028nslevel

survivedBonferronicorrectionfor multipletesting.ECT
= electroconvulsivetherapy;df = degrees of freedom;ns = not significant;Ant = anterior Post =posterior.The

finding of an inverse correlationbetween the severity Our finding of increased rCBF after ECT intreatmentof
depression and rCBF replicates previous reports with respondersis at odds with that of Silfverskiold et al. (23) and

133Xe (18, 19), @Tc-HMPAOSPECT (10, 12,20,21), â€˜23I4@,4pNobler Ct al. Ã§29),who reported a decrease in rCBF when
SPECT (9) and PET CMR (8) and would appear to be a assessed by 13Xe. An absence of correlation between â€˜33Xe
relatively robust observation. This was particularly evident for and 9@Tc-HMPAO data was observed by Rubin et al.(34),the

post-ECT assessment. Before treatment,the patientsample who found no abnormalit@yin patientswith obsessiveâ€”compul
homogeneously included depressed patients (HAM-D scores, sive disorder (OCD) for@ 3Xe, whereas 99mTCHMpAO located
25.8 Â±5.6; range 18â€”36),whereas after ECT, more than 50% abnormalities. Results obtained with 9@Tc-HMPAO were con
of the sample was in remission (HAM-D scores, 12.9 Â±9.3; sistent with those previously reported in PET studies of OCD
range 1â€”30).This finding may explain why the correlation (35). The reason for the discrepancy between 133Xe and
between rCBF and HAM-D was more accentuated after treat- 9@Tc-HMPAO may be related to superior resolution ofthement.

Thus, SPECT may more readily discriminate between latter, with its capability to identify subcortical processes or
depressed and remitted states than among depressed patients. metabolic mechanisms involved in@ uptakebyTABLE

3Uptake
Ratios (Mean Â±s.d.) in 11 Responders and 9 Nonresponders to ElectroconvulsiveTherapy at 7 cm abovetheOrbitomeatal

UneLeft

hemisphere RighthemisphereRegion

Before ECT After ECT p Value Before ECT After ECT pValueResponders

(df =10)Frontal

0.74 Â±0.058 0.79 Â±0.070 0.05 0.75 Â±0.060 0.82 Â±0.0640.01kParietal
0.77 Â±0.064 0.83 Â±0.049 0.01k 0.78 Â±0.071 0.84 Â±0.0600.04Paneto-occipital
0.89 Â±0.898 0.96 Â±0.49 0.03 0.87 Â±0.091 0.95 Â±0.0420.03Sup

cingulate 0.73 Â±0.078 0.76 Â±0.089 ns 0.71 Â±0.081 0.75 Â±0.095nsGlobal
0.77 Â±0.062 0.83 Â±0.056 0.04 0.77 Â±0.066 0.83 Â±0.0590.02*Nonresponders

(df=8)Frontal

0.73 Â±0.088 0.73 Â±0.036 ns 0.77 Â±0.101 0.75 Â±0.036nsPanetal
0.77 Â±0.084 0.76 Â±0.042 ns 0.80 Â±0.095 0.79 Â±0.047nsPaneto-occipital
0.88 Â±0.110 0.84 Â±0.074 ns 0.87 Â±0.104 0.85 Â±0.063nsSup

cingulate 0.70 Â±0.086 0.71 Â±0.076 ns 0.72 Â±0.077 0.71 Â±0.050nsGlobal
0.76 Â±0.084 0.75 Â±0.032 ns 0.79 Â±0.091 0.77 Â±0.034ns*Signif@@

levelsurvhedBonferronicorrectionformultipletesting.ECT
= electroconvuisive therapy;df = degrees of freedom; Sup = supedor@ns = not significant

TABLE2
Uptake Ratios (Mean Â±s.d.) in 11 Responders and 9 Nonresponders to Electroconvulsive Therapy at 6 cm above the

OrbitomeatalUne
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Left hemisphereRighthemisphereBeforeECTAfter

ECTDifferenceBeforeECTAfterECTDifferenceRegionrcoeffpvaluercoeff

pvaluercoeff pvaluercoeffpvaluercoeffpvaluercoeffpvalue4

cm AboveOMLFrontalâ€”0.03nsâ€”0.61

0.004*â€”0.18 nsâ€”0.02nsâ€”0.640.002kâ€”0.490@02Sup
temporalâ€”0.07nsâ€”0.65 0.002*â€”0.02 ns0.10nsâ€”0.640.002*0.00nsMed
temporalâ€”0.540.01â€”0.67 0.001*â€”0.67 0.001*â€”0.42nsâ€”0.650.002â€”0.32nsOccipitalâ€”0.440.05â€”0.62

0.004*â€”0.49 0.02â€”0.32nsâ€”0.520.02â€”0.37nsAnt
cingulateâ€”0.16nsâ€”0.61 0.004*â€”0.46 0.04â€”0.12nsâ€”0.640.002*â€”0.34nsPost
cingulate0.03nsâ€”0.26 nsâ€”0.62 0.004*0.01nsâ€”0.22nsâ€”0.520.02Basal
gangliaâ€”0.08nsâ€”0.73 0.0002*â€”0.40 nsâ€”023nsâ€”0.540.01â€”0.26nsThalamusâ€”0.24nsâ€”0.48

0.03â€”0.24 nsâ€”0.25nsâ€”0.440.05â€”0.13nsGlobalâ€”0.17nsâ€”0.85
0.000002*â€”0.49 0.02â€”0.16nsâ€”0.740.0002*â€”0.38ns6

cmAboveOMLFrontalâ€”0.29nsâ€”0.40

nsâ€”0.43 nsâ€”0.1 1nsâ€”0.550.01*â€”0.15nsPanetalâ€”0.40nsâ€”0.69
0.0008*â€”0.42 nsâ€”0.530.01â€”0.610.004*â€”0.460.04Occipitalâ€”0.04nsâ€”0.33

nsâ€”0.04 nsâ€”0.08nsâ€”0.25nsâ€”0.08nsAnt
cingulateâ€”0.21nsâ€”0.46 0.04â€”0.57 0.008*â€”0.06nsâ€”0.490.02â€”0.490.02Post
cingulateâ€”0.40nsâ€”0.56 0.01*â€”0.62 0.004*â€”0.30nsâ€”0.27nsâ€”0.640.002*Globalâ€”0.37nsâ€”0.55

0.01*â€”0.51 0.02â€”0.28nsâ€”0.620.004kâ€”0.40ns7

cmAboveOML

TABLE 4
Spearman Correlations between Hamilton Rating Scale for Depression Scores and Cerebral Blood Flow Values

Frontal â€”0.51 0.02 â€”0.460.04â€”0.540.01*â€”0.43nsâ€”0.550.01*â€”0.590.006*Parietal
â€”0.41 ns â€”0.790.00004*â€”0.460.04â€”0.480.03â€”0.640.00?â€”0.570.008*Occipital
â€”0.29 ns â€”0.600.004*â€”0.480.03â€”0.25nsâ€”0.600.004kâ€”0.43nsSup

cingulate â€”0.28 ns â€”0.18nsâ€”0.02nsâ€”0.41nsâ€”0.13nsâ€”0.13nsGlobal
â€”0.47 0.03 â€”0.720.0004*â€”0.460.04â€”0.500.02â€”0.700.0006*â€”0.540.01**I@flotes

Bonferronicorrection(p < 0.05)suMval.ECT
= electroconvulsivetherapy;coeff= coefficient;OML=orbitomeatalline; ns =not significant;Sup=superiot@ Med= med@;Ant = anteriorPost =

posterior.

brainparenchymalcells (36), or to still ill-defined mechanisms.
In addition, conditions of radiotracerinjection or scanning or
the presence ofcerebrovacular disease among subjects may also
contribute to a divergence in findings.

The most robust change in our study was observed in the
cingulate gyms, which is part of the paralimbic cortex. This
finding is compatible with the paralimbic hypoperfusion ob
served in unipolar depression by Mayberg et al. (37). The
paralimbic cortex has been proposed to have an important role
in mood and emotional changes observed in depressed patients
after various brain lesions (38â€”42).The findings ofMayberg et
al. (37) suggest no apparent attenuation of regional abnormal
ities by concurrent antidepressant use, and they suggest com
parison of medicated patients without clinical improvement
with medication-responsive patients. Our study did detect
attenuation of perfusion defects in the cingulate gyrus of
depressed patients who responded to ECT.

CONCLUSION
Ifreduced rCBF, as reflected in brain 99mTc@HMPAOuptake,

indeed represents a state marker for depression that is reversible
by successful treatment, clinical application of SPECT imaging
in the evaluation of depression and in monitoring response to
treatment could be highly feasible. Another finding that could
be of therapeutic relevance is the significant pretreatment
difference in perfusion between responders and nonresponders
in the right posterior cingulate gyms. Although preliminary,

these results offer a means of providing the proper therapeutic
modality, based on individualpatientcharacteristicsratherthan
statistical probabilities, to patients with major depression.
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hematocrit ratio was obtained for both cerebral hemispheres in each
subject. Resufts Mean regional cerebral hematocrit and mean
cerebral/large-vessel hematocrit ratio in the 12 normal volunteers
were 38.3 Â±3.45% and 0.88 Â±0.06, respectively. In the seven
patients with cerebrovascular disease, regknal cerebral hematocrit
was significanfly kwer on the hypoperfused skie than the normal
hemisphere.The images of rCPV and rCRCV from these patients
demonstrated a greater increase in rCPV than I'CRCV in the hy
poperfused area. Conclusion: These results suggest that @Cu
HSA-DTScan be used formeasurement of plasma volumeand that
regionalcerebral hematocrit may provide valuable informationre
gardingthe microcirculationinthe braln.

Key Words PET;copper-62-labeled human serum albumin-dithio
semicarbazone; plasma volume; regional hematocrit
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We developedcopper-62-Iabeledhumanserum albumin-dithk
semicarbazone (@Cu-HSA-DTS)as a blood-pool imaging agent for
PET.To evaluate saCu@HSA@DTSfor plasma-pool imagingand to
measure the regional cerebral hematocrit, 12 normal volunteers and
7 patientswithcerebrovasculardiseaseunderwentPETstudieswith

@Cu-HSA-DTh and 150-labeled carbon monoxide (C150).
Methods: The normal subjects were studied with both C150 and

@Cu-HSA-DTS.i@Jlpatientswereexaminedby 150-gasstudiesto
measure cerebral perfusion and oxygen metabolism, followed by
measurement of plasma volume with @Cu-HSA-DTSfor analysis of
regional cerebral hematocrit. Regional cerebral hematocrit was
calculated from regional cerebral red cell volume (rCRCV)measured
by C150 and regionalplasmavolume(rCPV)measuredby @Cu
HSA-DTS in eath subject, and the regional cerebral,large-vessel
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