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Summary. Regional cerebral blood flow was evaluated 
using Tc99m-HMPAO SPECT in 10 medicated patients 
with schizophrenia and 9 healthy volunteers. There were 
no prefrontal regions in the patient group with lower re- 
gional indices than in the control group. However ,  in the 
left hippocampal region, relative blood flow was signifi- 
cantly increased in the patient group compared with the 
control group. Furthermore,  there was a relative increase 
in blood flow in the left basal ganglia of the patient group. 
A negative correlation coefficient was calculated between 
the relative blood flow in the left middle prefrontal cor- 
tex and the severity of the blunted affect, as well as be- 
tween the relative blood flow in the left basal ganglia and 
the severity of the anhedonia-asociality. These findings 
indicate that prefrontal hypoactivity is not invariably 
present in all schizophrenics and that left basal ganglial 
hyperactivity may be associated with the effects of anti- 
psychotic treatment and clinical improvement.  More- 
over, the left hippocampal hyperactivity may correspond 
to left limbic dysfunction in schizophrenia. 
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Introduction 

Regional cerebral blood flow (rCBF) represents a re- 
gional functional activity in the central nervous system 
(Sokoloff 1981). Studies of rCBF have at tempted to 
identify regional functional abnormalities in patients 
with schizophrenia. Ingvar and Franz6n (1974) first dem- 
onstrated an abnormal distribution of blood flow in the 
left hemisphere of schizophrenics. In our previous studies 
on the two-dimensional assessment of rCBF using 133Xe 
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inhalation technique (Kurachi et al. 1985, 1987; Suzuki 
1988), the relative frontal blood flow in schizophrenics 
was decreased in the left hemisphere as compared with 
normal controls, with this "hypoffontal"  pattern being 
associated with high scores on several clinical rating 
items. These items included emotional withdrawal and 
blunted affect on the Brief Psychiatric Rating Scale 
(BPRS) of Overall and Gotham (1962), and avolition- 
apathy and attentional deficit on the Scale for the As- 
sessment of Negative Symptoms (SANS) of Andreasen 
(1983). 

Single photon emission computed tomography (SPECT) 
for imaging of rCBF has made the three-dimensional as- 
sessment of rCBF possible. Technetium-99m hexamethyl 
propyleneamine oxime (Tc99m-HMPAO) is a recently 
synthesized radiopharmaceutical that distributes in the 
brain to reflect rCBF. Current studies have confirmed 
that Tc99m-HMPAO readily crosses the blood-brain bar- 
rier and retains a fixed distribution for at least 5 -8  hours 
(Neirinckx et al. 1987; Matsuda et al. 1988; Andersen 
1989). 

This article describes our initial experience with 
Tc99m-HMPAO SPECT brain scanning in schizophren- 
ics and healthy controls. We measured rCBF in 39 brain 
regions of each subject. In addition, we analyzed the re- 
lationship between rCBF and clinical symptoms in the 
patients. 

Subjects and Methods 

Ten right-handed male patients were recruited from the inpatient 
and outpatient facilities of the Department of Neuropsychiatry, 
Kanazawa University Hospital. General characteristics of the pa- 
tients are listed in Table 1. The mean age of the patients was 30.6, 
5.2 years (mean, SD) and the mean education level was 14.2, SD 
1.7 years. All of the patients satisfied DSM-III-R criteria for schizo- 
phrenia (American Psychiatric Association 1987). Nine patients 
were in a chronic state of illness, and one was in a residual state 
after an acute psychotic period. Their mean age at the time of their 
initial psychopathology was 21.9, SD 4.4 years, and the mean du- 
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Table 1. General characteristics of each schizophrenic case 

Case Age Educa- Age at Duration Neuro- 
(years) tion onset of illness leptic 

level (years) (years) treatment a 
(years) (rag/day) 

In-/Out- 
patient 

Psychiatric findings during the study Subtypes of 
diagnosis 

1 31 16 23.1 7.8 850 in 
2 28 12 23.9 4.1 850 in 
3 36 16 23.8 11.2 3600 out 
4 35 16 26 10 200 out 
5 38 14 29.5 8.5 520 out 
6 26 16 25.1 0.9 75 out 
7 35 12 19 16 500 out 
8 23 14 19 4 150 out 
9 28 12 17.4 10.6 3025 out 

10 24 12 14.8 9.3 1350 in 

Chronic delusion and social withdrawal 
Chronic hallucination and delusion 
Chronic hallucination and social withdrawal 
Chronic disorganization and delusion 
Chronic social withdrawal 
Residual state after psychotic episode 
Chronic hallucination and deterioration 
Violent behavior and anhedonia 
Chronic hallucination and social withdrawal 
Chonic delusion and social withdrawal 

Paranoid 
Paranoid 
Paranoid 
Disorganized 
Residual 
Residual 
Paranoid 
Disorganized 
Paranoid 
Paranoid 

a Chlorpromazine equivalent dose 

ration of illness was 8.96, SD 4.0 years. All the patients had re- 
ceived neuroleptic treatment (mean chlorpromazine equivalent 
dose 1141.1, SD 1225.8 rag/day) during the study and had no histo- 
ry of previous electroconvulsive therapy. No patient with a history 
of alcohol or other drug abuse, or neurological disease was in- 
cluded in the study. 

The age-matched control group consisted of nine right-handed 
male volunteers, who ranged in age from 25 to 37 years with a 
mean age of 29.0, SD 4.2 years. None had a history of serious med- 
ical, neurological, or psychiatric illness. All the patients and volun- 
teers gave informed consent to participate in this study. 

Measurements were taken in a dimly lit room with background 
noise from cooling fans. The subjects lay quietly with their eyes 
open for 5rain after intravenous injection of 740MBq (20 mCi) 
Tc99m-HMPAO. SPECT was performed with a three-head rotat- 
ing gamma camera system (GCA9300A; Toshiba, Tokyo, Japan) 
by employing general purpose fan beam collimators combined 
with a minicomputer (GMS550U; Toshiba, Tokyo, Japan). The 
resolution is 9 mm full width half maximum in the center of the re- 
constructed slice when the rotating radius is 13.2 cm. The compu- 
ter slice width is 3.4mm (Matsuda et al. 1990). The SPECT data 
were obtained in a 128 • 128 format for 30 angles in a 120 ~ arc for 
each camera with 15 sec per angle. Total periods of data acquisition 
were 11 min. The filtered back projection method was used for 
SPECT image reconstruction after preprocessing projection data 
with a Butterworth filter. A series of slices, approximately parallel 
to the canthomeatal line, were obtained in each scan. Thirty-nine 
regions of interest (ROIs) were drawn in each hemisphere on five 
slices referring to the individual magnetic resonance imaging scan 
(Fig. 1). Each slice was selected at 20, 30, 45, 55, or 65% of the 
brain height (from the apex to the lowest part of the cerebellum). 
For evaluation of relative rCBF distribution in the brain, a regional 
index (percentile ratio between counts/voxel of one ROI and mean 
counts/voxel of all ROfs) was calculated, because absolute quantifi- 
cation of rCBF using Tc99m-HMPAO SPECT is not yet available. 

Clinical symptoms were assessed by two psychiatrists using the 
Positive and Negative Syndrome Scale (PANSS) of Kay and Opler 
(1987) and SANS within 1 week of the SPECT study, with each 
mean score adopted. 

For statistical analysis, the Mann-Whitney U test was applied 
between the patient and control groups. Spearman's rank correla- 
tion coefficient was used between rCBF and general characteristics 
or clinical symptoms. Bonferroni-adjustment of alpha-error re- 
quired P < 0.0013 (0.05:39 regions) as the level of statistical sig- 
nificance. The Bonferroni-adjustment assumes that variables are 
independent, but rCBF variables may be dependent on one an- 
other. We therefore adjusted the criterion of significance to P < 
0.002 and of indicating trends to P < 0.02. 

Results 

Comparison of Schizophrenics versus Controls 

R e g i o n a l  indices  in 39 d iscre te  b ra in  reg ions  of  the  
sch izophren ics  and  cont ro l s  a re  p r o v i d e d  in T a b l e  2. 
T h e r e  were  no  p re f ron t a l  reg ions  in the  pa t i en t  g roup  
showing lower  r eg iona l  indices  than  in the  con t ro l  g roup .  
H o w e v e r ,  in the  left  h i p p o c a m p a l  reg ion ,  the  pa t i en t  
group had  significantly h igher  regional  indices (P  = 0.001) 
than  the  con t ro l  g roup .  F u r t h e r m o r e ,  a re la t ive  r C B F  in- 
c rease  cou ld  be  e s t i m a t e d  in the  left  basa l  gangl ia  ( P  = 
0.007) of  the  pa t i en t  g roup ,  bu t  was no t  s ignif icant .  

Correlation between rCBFs and general characteristics 
or clinical symptoms 

In  the  pa t i e n t  g roup ,  re la t ive  r C B F  did not  co r re l a t e  
wi th  age,  educa t i on  level ,  age at  the  onse t  of  i l lness,  du-  
r a t ion  of  i l lness,  or  c h l o r p r o m a z i n e  equ iva len t  dose .  The  
cl inical  s y m p t o m  scores  in each  pa t i e n t  a re  shown in 
T a b l e  3. T h e r e  were  only  two non-s igni f icant  t r ends  be-  
tween  r C B F s  and  cl inical  s y m p t o m s .  A nega t ive  cor re la -  
t ion coeff ic ient  was o b t a i n e d  b e t w e e n  the  affect ive f lat-  
t en ing  or  b lun t ing  score  on  S A N S  and  the  re la t ive  r C B F  
in the  lef t  m idd l e  p r e f ron t a l  cor tex  ( r = - 0 . 7 8 4 ,  P =  
0.018). In  the  lef t  ba sa l  gangl ia ,  a nega t ive  co r r e l a t i on  
coeff ic ient  was also ca lcu la ted  b e t w e e n  the  re la t ive  r C B F  
and the  anhedon ia -asoc ia l i ty  score on S A N S  (r = - 0 . 7 9 0 ,  
P = 0.017).  

Discussion 

In  recent  years ,  several  authors  have p roposed  that  schizo- 
p h r e n i a  compr i se s  (at  leas t  in par t )  pos i t ive  and nega t ive  
syndromes  (Crow 1980; A n d r e a s e n  and Olsen 1982). Clin- 
ical assessment  by  means  of  P A N S S  yields sepa ra te  scores 
a long  a pos i t ive  s y n d r o m e  scale,  nega t ive  s y n d r o m e  
scale ,  c o m p o s i t e  index ,  and  gene ra l  p s y c h o p a t h o l o g y  
scale.  Sigh et  al. (1987) sugges ted  tha t  this compos i t e  
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Fig. 1. Placement of regions of interest (ROIs). The 
first column shows a MR image of a patient. A 
SPECT study of the same patients in the second 
column. The third column indicates a regional 
schema of each ROI. Abbreviations used Slice 1: 
I, superior prefrontal cortex; 2, premotor cortex; 
3, primary motor cortex; 4, superior parietal cortex; 
5, superior medial prefrontal cortex. Slice 2: 
1, middle prefrontal cortex; 2, middle frontal cor- 
tex; 3, inferior parietal cortex; 4, superior occipital 
cortex; 5, middle medial prefrontal cortex. Slice 3: 
i, inferior prefrontal cortex; 2, inferior frontal 
cortex; 3, basal ganglia, 4, thalamus; 5, superior 
temporal cortex; 6, inferior medial prefrontal 
cortex. Slice 4: 1, orbitofrontal cortex; 2, middle 
temporal cortex; 3, inferior occipital cortex. Slice 5: 
t, hippocampal region; 2, inferior temporal cortex 
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Table 2. Comparison of regional indices between schizophrenics 
and controls 

Regions Schizophrenics Controls 
Mean + SD Mean + SD 

Slice 1 

Superior prefrontal cortex 
Lt. 94.7 + 9.8 99.3 4- 3.2 
Rt. 95.2 + 2.0 98.5 4- 3.6 

Premotor cortex 
Lt. 97.2 + 3.5 98.7 4- 3.5 
Rt. 98.7 -+ 2.3 100.4 4- 3.2 

Primary motor cortex 
Lt. 98.6 +_ 3.3 96.0 4- 3.9 
Rt. 99.7 4- 3.9 97.7 4- 2.6 

Superior parietal cortex 
Lt. 95.7 + 3.8 96.4 4- 3.8 
Rt. 97.4 + 3.1 97.2 • 3.8 

Superior medial prefrontal cortex 96.5 + 5.4 97.9 4- 3.7 

Slice 2 

Middle prefrontal cortex 
Lt. 97.4 4- 4.4 100.3 4- 2.5 
Rt. 99.7 + 3.9 99.3 4- 2.4 

Middle frontal cortex 
Lt. 99.1 + 1.7 98.6 4- 1.8 
Rt. 97.9 4- 3.0 99.3 + 3.6 

Inferior parietal cortex 
Lt. 98.9 + 3.5 99.2 • 3.1 
Rt. 98.0 _+ 2.8 100.0 4- 2.6 

Superior occipital cortex 
Lt. 102.1 + 2.3 100.2 +_ 3.4 
Rt. 102.0 + 3.7 99.8 + 3.4 

Middle medial prefrontal cortex 95.6 + 3.7 99.9 • 2.3 

Slice 3 

Inferior prefrontal cortex 
Lt. 103.8 + 2.9 104.3 4- 2.2 
Rt. 101.6 + 3.2 105.0 + 4.8 

Inferior frontal cortex 
Lt. 98.9 + 1.8 102.6 + 3.5 
Rt. 101.0 _+ 2.9 105.1 _+ 4.5 

Basal ganglia 
Lt. 108.2 _+ 2.7 a 103.5 +_ 2.6 
Rt. 106.6 4- 4.7 102.2 4- 3.4 

Thalamus 
Lt. 104.6 + 4.2 104.0 _+ 3.0 
Rt. 106.2 4- 5.3 103.2 + 2.5 

Superior temporal cortex 
Lt. 103.4 + 3.5 102.3 + 3.0 
Rt. 104.5 4- 2.5 103.1 + 1.7 

Inferior medial prefrontal cortex 99.4 • 4.0 103.0 + 4.1 

Table 2 (continued) 

Regions Schizophrenics Controls 
Mean + SD Mean + SD 

Slice 4 

Orbitofrontal cortex 
Lt. 100.9 + 1.9 99.8 +__ 2.9 
Rt. 99.1 + 2.7 101.7 + 3.2 

Middle temporal cortex 
Lt. 100.4 + 2.6 101.9 + 3.6 
Rt. 100.7 + 2.8 100.2 + 4.6 

Inferior occipital cortex 
Lt. 108.9 + 3.4 105.7 + 6.7 
Rt. 107.2 + 5.3 105.4 + 7.3 

Slice 5 

Hippocampal region 
Lt. 92.7 + 4.2 b 86.2 + 2.1 
Rt. 88.1 + 3.5 88.0 + 4.5 

Inferior temporal cortex 
Lt. 98.9 + 3.0 96.1 + 5.0 
Rt. 98.7 + 2.6 95.2 + 4.2 

Regional index indicates percentile ratio between counts/voxel of 
one region of interest and mean counts/voxel of all regions of in- 
terest 
SD, standard deviation; Lt.,  left side; Rt., right side 
aP<0.02, bp<0.002 compared to controls by Mann-Whimey U test 

index,  which is o b t a i n e d  by  sub t rac t ing  the nega t ive  f rom 
pos i t ive  score ,  ref lec ts  the  d e g r e e  o f  p r e d o m i n a n c e  o f  a 
pos i t ive  or  nega t ive  s y n d r o m e .  M a n y  of  the  p r e sen t  pa-  
t ien ts  h a d  re la t ive ly  h ighe r  scores  on  the  nega t ive  scales  
than  on the posi t ive scales. Therefore ,  the  pat ients  s tudied 
he re  h a d  p r e d o m i n a n t l y  nega t ive  s y m p t o m s  and exper i -  
enced  chronic  social  i m p a i r m e n t  due  to aud i to ry  hal luci-  
na t ions  a n d / o r  affect ive f l a t t en ing  and  avol i t ion  desp i t e  
neu ro l ep t i c  t r e a t m e n t .  

A ser ies  of  r epo r t s  ( W e i n b e r g e r  e t  al. 1986; Buchs-  
b a u m  et al. 1987; P a u l m a n  et  al. 1990), as well  as ou r  
own p rev ious  r epor t s ,  have  d e m o n s t r a t e d  "hypo f ron t a l -  
i ty"  in some  schizophrenics .  In  the  p r e se n t  s tudy us ing 
T c 9 9 m - H M P A O  S P E C T ,  we could  no t  r ep l i ca te  a d i rec t  
f inding  of  this hypof ron ta l i t y .  O u r  resul ts ,  howeve r ,  in- 
d i ca t ed  tha t  the  pa t i en t s  wi th  re la t ive  left  p r e f ron t a l  
hypoac t iv i ty  were  cha rac t e r i zed  by  the  p re sence  of  clini- 
cal i m p a i r m e n t  such as the  affect ive f la t tening or  b lun t ing  
score  on  S A N S .  These  f indings suggest  tha t  hypof ron t a l -  
i ty is no t  an invar iab le  f inding  in schizophrenics .  

B u c h s b a u m  et  al. (1987) r e p o r t e d  tha t  the  basa l  gang-  
lia metabo l ic  rates  are  increased with medica t ion  in schizo- 
phren ics .  In  our  s tudy ,  the  lef t  basa l  gangl ia  showed  in- 
c r eased  re la t ive  r C B F ,  and  this inc rease  was inverse ly  
c o r r e l a t e d  with  the  anhedon ia - a soc i a l i t y  score  on  S A N S .  
C o m p a r e d  with  ou r  e x p e r i m e n t a l  s tudy  on  chronic  ha lo-  
pe r i do l  effects  in ra t  b r a i n  using N- I sopropy l -p - [125I ]  
i o d o - a m p h e t a m i n e  ( K a w a s a k i  1990), the  s t r i a tum,  a re -  
g ion w h e r e  we  o b s e r v e d  a re la t ive  r C B F  increase  in this  



Table 3. Score on clinical symptoms in each schizophrenic case 

199 

Case PANSS SANS 

Positive Negative General Affective Alogia Avolition Anhedonia Inattention 
scale scale scale flattening (0-30) a apathy asociality (0-20) ~ 
(7-49) a (7-49) ~ (16-112) a or blunting (0-25) a (0-30) a 

(0-45) a 

Summary 
score 
( o - 1 5 )  ~ 

1 14 20 35 18.5 7.5 13 10 3 10.5 
2 22 21 35 17.5 11 16 16.5 10 12 
3 27.5 17 37 2 10 13.5 7 9 11 
4 11 25 32 20 13 15 7 9 14 
5 7 20 26 17 9 14 16 6 12 
6 7 14.5 29 17 3 11 6 8 8 
7 17 23 36 13 8 11 15 9 12 
8 24 29.5 46 15 12 11 13 5 14 
9 15 20.5 31 23 11 13 13 4 11 

10 27 23 54 19.5 15 16 13 12.5 14 

Mean• 17.1• 21.3• 36.0• 16.2• 9.9• 13.4• 11.7• 7.5• 11.8• 

PANSS, Positive and Negative Syndrome Scale; SANS, Scale for the Assessment of Negative Symptoms; SD, standard deviation 
a Scale range 

study, also showed an increase in absolute local cerebral 
blood flow. This relative rCBF increase in the left basal 
ganglia may reflect some effect of chronic antipsychotic 
drug t reatment  or an improvement  in the clinical symp- 
toms. 

Clinical observations (Flor-Henry 1976), theoretical 
considerations (Torrey and Peterson 1974), and recent 
morphological  findings (Bogerts et al. 1985; DeLisi  et al. 
1988) have suggested limbic system involvement in schizo- 
phrenia. In the left hippocampal  region, the patient  
group showed a significant relative rCBF increase com- 
pared with the control group. These results are consis- 
tent with those repor ted by Musalek et al. (1988, 1989), 
who, using Tc99m-HMPAO SPECT, also assessed medi- 
cated schizophrenics with chronic auditory hallucina- 
tion. DeLisi et al. (1989) showed that schizophrenics 
have greater  metabolic  activity in the left than the right 
anterior temporal  lobe, with the extent of  this lateraliza- 
tion proport ional  to the severity of the psychopathology. 
The hippocampal  region measured here consisted of the 
hippocampus,  amygdala,  and parahippocampal  forma- 
tion. We could not specify which anatomical region is re- 
sponsible for this rCBF increase. Nevertheless,  our find- 
ing of increased relative rCBF in the left h ippocampal  
region may correspond to left limbic dysfunction in 
schizophrenia. 

The patients in this study tended to demonstrate  
negative symptoms rather  than positive ones. Therefore ,  
to evaluate a correlation between the heterogeneous col- 
lection of schizophrenic symptoms and rCBF, we are fol- 
lowing up this question with more  cases. Fur thermore ,  
we did not divide some of the neuroanatomical  structures 
(i.e. the basal ganglia and the hippocampal  formation) 
into more  discrete regions, because only horizontal slice 
measurement  was performed.  This three-dimensional  
study using Tc99m-HMPAO SPECT provides finer spatial 
resolution, not only in horizontal but also in vertical slices. 

It may be possible to apply more  rigorous R O I  designa- 
tion to identify regional abnormalities in schizophrenics. 
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