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Evidence ofDisturbed CSF Circulation and Brain Atrophy
in Cases of Schizophrenic Psychosis

G. OXENSTIERNA, G. BERGSTRAND, L. BJERKENSTEDT,
G.SEDVALLandG.WIK

Summary: The cerebrospinal fluid (CSF)circulation was studied with isotope
cisternography in 30 patients with a schizophrenic type of psychosis. All had
previously received neuroleptictreatment. Disturbed CSF circulation was found
in 10 cases. In four of these, persistent intraventricular radioactivity was
observed as well as partly obstructed CSF spaces. In the other six cases a slow
CSF circulation was noted as well as evidence of partly obstructed CSF spaces
especially of the upper posterior frontal region. Signs of atrophy of the cortex
and vermis were found on CTscan in 10cases. In four of these subjects a local
atrophy was noticed in the upper posterior frontal cortex and around the frontal
part of the interhemispheric fissure. Seventeen of the patients (57 per cent) had
pathological findings at isotope cisternography and/or at CT. Disturbed
circulation did not correlate with CT-findings, age, duration of psychosis,
alcohol abuse, drug consumption or family history for psychosis. CT evidence
of brain atrophy was significantly related to nonfamilial type of psychosis.

Psychotic manifestations in schizophrenia may be
caused by alteration of brain function in one or several
systems. Support for this hypothesis was originally
claimed by Jacobi and Winkler (1927). Since the
introduction of computed tomography (CI'), several
investigators have reported the occurrence of ventricu
lar enlargement, cortical atrophy and vermis degener
ation in some schizophrenic patients (Johnstone a a!,
1976; Weinberger et a!, 1979a; Weinberger et al,
1979b; NybÃ¤ck et a!, 1982). A few investigators have
reported negative findings (GlUck, 1980; Benes et a!,
1982; Weinberger et a!, 1982). The cause of these
changes in cerebral morphology and their relationship
to the different aspects of schizophrenic sympto
matology has not been clarified. Ventricular enlarge
ment may be related to primary loss of cells within the
brain or an alteration of fluid and pressure homeostasis
within the cerebrospinal fluid (CSF) system. Accord
ingly disturbances in CSF circulation may be a
pathophysiological mechanism that can result in the
alteration of brain morphology in schizophrenic sub
jects. In recent studies, evidence was presented for a
relationship between familial disposition for schizo
phrenia and high or deviant CSF concentrations of the
major monoamine metabolites, 5-hydroxyindoleacetic
acid (5-HIAA) and homovanillic acid (HVA) (Sedvall
and Wode-Helgodt, 1980: Sedvall et a!, 1980). The
deviant monoamine metabolite concentrations may be
due to a primary alteration of monoamine metabolism

or an alteration of @SFcirculation. Since both
ventricular enlargement and deviant monoamine
metabolite concentrations may be caused by an altered
flow of CSF, we have studied the CSF circulation in
schizophrenic patients using â€œ¿�ln-DTPA.

The study aimed at discussing whether schizo
phremc patients show evidence of a disturbed CSF
circulation.

Method
The patients were recruited from the psychiatricclinicsat

the Karolinska and Beckomberga hospitals in Stockholm.
They were selected on the basis of clinical evidence of
schizophrenic type ofpsychosis, age range between 24 and 45
years, absence of neurological disorder and absence of
manifest alcohol or drug abuse. Patients were diagnosed
according to the Research Diagnostic Criteria for schizo
phrenia, RDC (Spitzer et a!, 1978) as independently evalu
ated by two psychiatrists.The present study was performed
on 33 patients with a schizophrenic type of psychosis. Three
patients were excluded for technical reasons, in two cases
because of leakage at the site of injection (Henriksson and
Voigt, 1976). Of the remaining patients, 17 were men (age:
mean 32 years, range 24â€”45)and 13 women (age: mean 35
years, range 25â€”44).Twenty six of the subjects fulfilled the
RDC for schizophrenia. Two patients were schizoaffective,
one had â€œ¿�otherpsychiatric disorder with schizophrenic
featuresâ€•,and one had â€œ¿�unspecifiedfunctional psychosis
paranoid stateâ€•.The duration of the disorder varied between
one month and 25 years with a mean value of eight years.
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FIG 1.â€”Isotope cisternography after intrathecal administration of 18.5 MBq â€œ¿�In-DTPA. Frontal projections (A and B) after
four and 24 hours respectively demonstrate intraventricular radioactivity (arrowheads) which persists after 24 hours (B).
Bilateral obstruction of the CSF spaces over the hemispheres is also shown in the lateral projections after 4 (C) and 24 hours

(arrowheads) (D).
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The patient records were examined in order to register
somatic disorders and obstetric complications. EEG was
recorded on all subjects.

The patients had previously received neuroleptic treatment
with various compounds. Lifetime consumption of neurolep

tics was determined for each subject using patient records.
Doses were recalculated and expressed in chlorpromazine
equivalents (Hollister, 1974). The consumption varied
between 6 and 3979 grams chlorpromazine equivalents with a
mean value of 716 grams. At the time of the investigations,
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RG 3 . 4  scans demonstrating the upper f r o n t w e t a l  regions In a normal 30 year old man (A-U) and the corresponding C T  
scans ola  27 year old sEhizophrenic patient (D-F) with wide l~ontal sulci and a wide frontal part of the ~nterhcmispheric fissure. 

four subjects had heen drug free for at least two weeks. 
The patients were also classified with regard to family 

histon, [or psychiatric disorder using the following method. 
fur patient and a close relative wcrc questioned i f  among the 
first andsecond degree relatives therc were subjects who had 
been hospitalized for a psychiatric disorder. Parish registers 
were scrutinized in  order to find all relatives up to the second 
degree. The information from the parish register gave 
information independent from the anamnestic data especially 
concerning suicide. psychosis and mental retardation. The 
hospital records for relatives having suffered from psychiatric 
disorder were collected. 'The examination of these records 
formed the basis for the classification of family history. 

" ' I ~ - D T P A  (18.5 MBq. 0.5 mCiE was injected 
intrathecally via the lumhar route. Pressure recording and 
Queckenstedt's test was routinely performed before the 
injec~ion. A GE Maxi camera 400 T supplied with a medium 
energy collimator was used for picture recording 3.6.24 and 
48 hours after administration of the radioactivity. In  order to 
exclude leakage at the site or injection as a reason for a low 

intramanial accumulation of radioactivity. frontal and lateral 
imagesof the lumhar region were always taken. The suhjecrs 
wcrc fasting and had hccn on hcdrcst for eight hours prior to 
the examination. After injection of the radioactivity, the 
patients stayed recumbent for one hour. Later they were 
allowed to mave around Ircely. Before the radioactivity was 
injected. hetwcen H and 9a.m.. 12.5 m l  of CSFwere sampled 
for biochemical analyses using precautions de?Pcrihed by 
Scdvall er a1 ( 1980). 

Concentrations of the major monoamine mctabolitcs-- 
HVA. +hydroxy-3-merhoxyphenylethylene @urns (MOPEG) 
and 5-HIAA-were measured using GClMS according to 
Swahn er ol (19%). Protein was measured as described by 
Lowry (1951). 

Thc patients were also studied with CT using a GE CT'TT 
MKJscanner. A slice thickness of 10 mrn was used and no i.v. 
contrast was administered. The CT results were interpreted 
by two ncuroradiologists. Morphologic changes such as 
hydrockphalus. wide hemispheric sulci and atrophic changes 
of thc vcrmis were cspeciallv noted. Ventricular measure 

https://doi.org/10.1192/bjp.144.6.654 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.144.6.654


658 EVIDENCE OF DISTURBED CSF CIRCULATION AND BRAIN ATROPHY

FIG4.â€”Cr scans demonstrating vermian atrophy (A) and wide CSF space above vermis (B) in a 38 year old schizophrenic man.
In (D-F) wide parietal sulci are demonstrated in the same patient.

E F

ments were also performed as described by NybÃ cket al
(1982).

Results
ISOtO,fl? cistt'rnographv

Of the 30 patients. 2() (66 per cent) had a normal CSF
circulation according to the isotope cisternography. Four
patients had clear pathological findings consisting of persis
tent intraventricular radioactivity and a markedly reduced
distribution of radioactivity over the hemispheres (Figure 1).
These subjects were classified as severely pathological in the
subsequent analyses. Six other patients had signs of a slow
CSF circulation with a reduced accumulation of radioactivity
over the convexity. The regions with evidence of a disturbed
or blocked CSF circulation were located predominantly in the
upper and posterior frontal region (Figure 2). These findings
were classified as pathological.

Computed tomography
The CT studies were considered normal in 19 cases (63 per

cent). In all the patients, the ventricular index was below 0.30
and the width of the third ventricle was less than 5 mm, which
is considered to be in the normal ranges (Gyldenstedt, 1977).
In 10 patients. atrophic changes were found. Four of these
had clear changes consisting of wide hemispheric and
interhemispheric sulci in the frontal region (Figure 3). The
cortical sulci supratentorially were considered pathologically
wide in four cases. Vermis atrophy (Figure 4) was found in six
cases. A slight hydrocephalus was found in one case who also
had persistent intraventricular radioactivity at isotope
cisternography. One patient had small paraventricular calcifi
cations of unknown ethiology.

Of the four patients with severely pathological CSF
circulation, two had atrophic changes shown in CT, and the
other two had normal CT scans. Four out of six patients with
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TABLE I 

Relariomhip berween brain arrophy and negarive family 
hisrory for schizophrenic psychosis 

No psychiatric Family history for 
family history schizophrenic psychosis 

No atrophy 5 

Atrophy 7 

Fisher's exact test = 0.05 

pathological findings at isotope cisternography had normal 
CT examinations. Of the four patients with signs of frontal 
cortical atrophy. two had a normal and the other two a 
pathological CSF circulation. 

Monoamine merabolites 
The majority of the patients exhibited aberrant mnentra- 

tions of monoamine metabolite concentra'tions in the CSF, as 
compared to values obtained in healthy volunteers. This  was 
true for HVA, MOPEG as well as For 5-HIAA. Values were 
extreme in both directions. Since only four patients were drug 
tree w~th regard to neuroIeptic medication and all had 
rcceivcd s d  medicatbn for a substantial period, drug 
consumption is a hiahly c o n f m d i ~ ~  variable. There wes no 
consis& rclahn&ip'bt~weta rnokamine metabolite con- 
centrations, CSF circulation or atrophy, Tbere tended to be a 
relationship ktweefi low HVA Ievek and brain avophy [P 
0.1). The two patients who bad the lowest HYA and 5-HIAA 
concentrations both had signs of a marked brain atrophy 
including atrophic c h a n g a  in the vermis (Figure 4). None aC 
the= patients showed evidence of a disturbed CSF circula- 
tion. All the patients had a normal CSF protein 
concentration. 

Famtly h w r y  
Adequate inlormatioa concerning family history was 

o b t a ~ n e d  in 28 patients. Twelve of hex patients had healthy 
relatives. eight subjects had relatives with xhizophrenia or  
paranoid psychosis and of the remaining eight subjexts, 
relatives had been treated for atcbholism, depression or 
suicide. There were no si~niffcanf relationshim between 
pathologicat CSF cirmlatioi and family histo& for schizo- 
phren~c  type of psychosis. The occurrence of brain atrophy 
was significantly rehted to a form of &phrenic psychosis 
that lacked family history for the M r  (Table I). Suicide 
and a l c o h o l ~ m  also tended to mcu in a higher frequency in 
the families af -who lacked brain atrophy. 

There were no sigdcant relationships between pathologi- 
cal   so top dsremography ar CT sfnns and duration of the 
disorder, duration of drug treatment, total neuroleptic 
consumptian. somatic disorders, obstetric mmplications. 
cerebral trauma, previous alcohol or drug abuse or abnormal 
EEG recordings. 

Discussion 
CSF circulation has not previously been studied in 

schizophrenic patients o r  in healthy subjects. Al- 

though the technique uwd in the present investigation 
is indirect and semiquantitative it is an established 
met hod to diagnose disturbances of CSF circulation in 
patients with neurological and mental impairment 
( Lying-Tunell. 1977). The present investigation should  
be regarded as a first attempt to cvaluate different 
aspects of CSFcirculation in schzophrenia. We found 
evidence of pathological CSF circulation in a surpris-  
ingly high percentage (33 per cent) of young schizo- 
phrenic patients. Since all the patients had normal CSF 
pressure and normal Queckenstedt's test, the alter- 
ation of the CSF circulation was not related to high 
pressure hydrocephalus. In only one of the subjects. 
the CT scan demonstrated a slightly enlarged ventricu- 
lar system, possibly due to  low pressure  
hydrocephalus. The types of CSF circulation distur- 
hances found in this patient group may be related to: 

( a )  reduced CSF production in the churoid plexus; 
or 

(b) general or partial obstruction of CSF transport 
pathways. 

Such alterations may be caused by genetlc, infec- 
tious, traumatic o r  unknown mwhenisms. In the 
present relatively small number of patients, no consis- 
tent relationship to family history for schizophrenia, 
obstetrical complications, cerebral trauma or menin- 
goencephalitis was found. 

Since all the patients had received previous neuro- 
lrptic treatment. a possible relationship to drug 
consumption was examined. An acute effect of 
neuroleptic treatment is unlikely. Thus in two patients 
who had pathological CSF circulation, neuroleptic 
t rea tment  had been withdrawn for two and three 
weeks respectively. A chronic effect of neuroleptic 
treatment on the CSF circulation also seems unlikely 
since several patients who had a very high neuroleptic 
consumption. had a normal CSF circulation. The 
relationship between disturbed CSF circulation and 
the schizophrenia in these patients may be causal or 
unrelated.-It is possible that a primarily altered CSF 
circulation affects neuronal funct~on in a n a y  that 
wntributes to or directly causes the psychotic symp 
toms. It is well-known that several nutritional factors 
and waste products of brain metabolism are trans- 
parted. at least partly, by means of the CSF (Cserr er 
ul. 1975). I f  the dis turbed  CSF circulation is the cause 
of the psychosis, corrective measures aiming at 
improv~ng CSF circulation may be attempted. 

Several investigators have descr ihd  signs of brain 
degeneration in schizophrenic patients on the basis of 
CT signs. T h i s  was definitively verified in this study as 
about 30 p e r  cent of the patients showed evidence of 
brain atrophy. However. there was no statistical 
correlation between signs of atrophy and disturbed 
CSF c~rculation. Single patients had a marked distur- 
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bance of CSF circulation and a normal CT scan. Other
patients had marked evidence of brain atrophy and a
normal CSF circulation. These results indicate that
brain atrophy and altered CSF circulation are
unrelated and caused by different mechanisms, at least
in some patients.

As found in previous studies (Sedvall and Wode
Helgodt, 1980; Wieselet a!, 1983), some patients in the
present series had deviant concentrations of mono
amine metabolites in lumbar CSF. Neuroleptic treat
ment is known to elevate the HVA concentrations in
the CSF(Sedvall eta!, 1975; Wode-Helgodt eta!, 1977;
Bjerkenstedt et a!, 1977; HÃ¤rnryd et al, 1984). Since
most of the patients were receiving neuroleptic
medication, the interpretation of the deviant values is
complicated. In the present series of patients, there
was no statistical relationship between disturbed CSF
circulation and monoamine metabolite concentra
tions. Accordingly the study did not support the view
that abberant monoamine concentrations in schizo
phrenic patients are related to a disturbed CSF
circulation. Brain atrophy tended to be related to low
concentrations of HVA in CSF (P 0. 1). This tendency
is in line with previous findings by Nyback et a! (1983),
van Kammen et a!(1983) and Potkin et al(1983). Thus
the statistical analyses did not give significant evidence
of a relationship between monoamine metabolite
concentrations and brain atrophy or CSF disturbance
in the total group of schizophrenic patients. However,
single patients had such low HVA and 5-HIAA
concentrations in relation to healthy volunteers that
some relationship with the patients' psychotic symp
toms cannot be excluded.

We found no relationship between disturbed CSF
circulation and family history for psychosis. On the
other hand, the occurrence of different types of brain
atrophy was significantly related to nonfamilial forms
of schizophrenia and paranoid psychosis. Only one
patient out of eight with a familial form of schizo
phrenia exhibited brain atrophy. The schizophrenic
patients who had evidence of brain atrophy (Table I)
had an accumulation of nonfamilial forms of psychosis.
This may be expected if the atrophy and possibly also
the psychosis is caused predominantly by environmen
tal influences on the brain like trauma, bleeding or
infections during development.

For a more detailed evaluation of the functional and
morphological findings obtained in this study, a group
of healthy subjects is currently being studied with CT
and isotope cisternography using 99mTc-DTPA ac
cording to Bergstrand eta! (1982).

Conclusions

disturbed circulation of cerebrospinal fluid, or local or
general brain degeneration. These different alter
ations of brain function and morphology do not seem
to be correlated. The majority of cases with cerebral
atrophy have a nonfamilial type of schizophrenia.
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