
Our data provide evidence for the in- 
volvement of brain areas other than neo- 
cortex in chronic alcoholism. The in- 
crease in neural transmission time within 
the auditory brainstem may reflect a di- 
rect pathological process of demyelina- 
tion; this effect has been suspected in al- 
coholic patients (23) and observed in rats 
fed on alcohol for long periods (24). 
These results could also be caused in- 
directly by the aberrant fluidizing effects 
of chronic alcohol intake on cell mem- 
branes (25), which may result in edema. 
The use of auditory brainstem potentials 
may provide critical prognostic informa- 
tion about the progress of brainstem defi- 
cits in chronic alcoholics and their poten- 
tial recovery with prolonged abstinence. 
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Dialysis in Schizophrenia: A Double-Blind Evaluation 

Abstract. Eight chronic schizophrenia patients completed a research program 
consisting of ten weekly sessions of active hemodialysis and ten weekly sessions of 
sham dialysis in a double-blind design. Previous reports of therapeutic eficacy were 
not substantiated. None of the patients improved during active dialysis; four patients 
worsened. 

Feer et al. (I) reported in 1960 that 
three out of five schizophrenic patients 
improved after only one or two hemo- 
dialyses. No further attempts were made 
known until 1977, when Wagemaker and 
Cade (2) reported dramatic improvement 
in five physically healthy schizophrenic 
patients treated with weekly dialyses for 
up to 16 weeks. Since that report there 
has been intense interest in this area of 
clinical investigation as evidenced by re- 
ports of both positive (3) and negative (4, 
5) clinical psychiatric findings, technical 
reports about dialysis (6), and biochemi- 
cal papers exploring possible mecha- 
nisms of action of dialysis in relation to 
endorphins (5, 7). In a recent literature 
review (8) it was noted that of 92 phys- 
ically healthy schizophrenics who had 
been dialyzed 42 showed marked or 
some improvement. However, these re- 

ports do not all include information 
about the diagnostic criteria of schizo- 
phrenia employed, duration of illness, 
method of behavioral evaluation, and 
type and quality of improvement, or pre- 
cise description of dialysis equipment. 
Our double-blind study of weekly hemo- 
dialysis of schizophrenic patients was 
undertaken to investigate the therapeutic 
claims made for this procedure. Since we 
finished our study two other double- 
blind studies have been published to date 
(9): Linkowski et al. observed improve- 
ment in six of seven patients on real dial- 
ysis and in three of five on sham dialysis, 
and Diaz-Buxo et al. observed no effect 
in four patients. 

The patients in our study were five 
women and three men admitted to the 
Clinical Center at the National Institutes 
of Health and diagnosed schizophrenic 

Table 1. Means and standard errors of psychiatrists' ratings of their patients' symptoms during 
the 2 weeks prior to the dialysis sessions, the last 2 weeks of sham dialysis sessions, the last 2 
weeks of active dialysis sessions, and the 2 weeks immediately following the last dialysis ses- 
sion. Ranges for the ratings were: global psychosis and depression, 1 to 15; total Brief Psychiat- 
ric Rating Scale, 24 to 168; thought disorder cluster, 3 to 21; individual items, 1 to 7. N.S., not 
significant. 

Period 

Symptom Before Sham Active After 
dialysis dialysis dialysis dialysis 

Global psychosis 
Global depression 
Total BPRS 
Thought disorder cluster 
Hallucinatory behavior 
Unusual thought content 
Conceptual disorganization 
Suspiciousness 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
- 
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by their psychiatrists using 1978 research 
diagnostic criteria (10). Their age was 
30 2 2.6 years, and they had been ill 
for 10 2 2.3 years. All gave written 
informed consent to participation in the 
study, and in most cases a family mem- 
ber also gave informed consent. Anti- 
psychotic and other medications were 
discontinued 4 to 6 weeks prior to the 
start of the hemodialysis series, which 
consisted of ten consecutive real dial- 
yses and ten sham dialyses, each lasting 
5 hours (11). The double-blind was main- 
tained by use of an opaque dialyzer. The 
raters had no access to vital signs or clin- 
ical biochemical data that could have re- 
vealed whether the patient was receiving 
active or sham dialysis. A coil dialyzer 
with an 18-pm cuprophane membrane 
(surface area 0.8 m2) was used for active 
dialyses; in the sham dialyzer tubing re- 
placed the membrane. Questionnaires 
answered by the patients after each ses- 
sion showed that they were not able to 
detect with consistency whether they 
had received active or sham dialysis. 

Each patient's psychiatrist evaluated 
him or her weekly, double-blind, using 
the Brief Psychiatric Rating Scale 
(BPRS) (12) and the Bunney-Hamburg 
Global Assessment (GA) (13). The nurs- 
ing staff assessed the patients daily using 
the GA scale. Paired t-tests (two-tailed) 
were done to determine whether there 
were statistically significant differences 
in the ratings for the group between the 2 
weeks prior to active dialysis and the last 
2 weeks of active dialysis, which is the 
time of hypothesized maximum effect. 
Analysis of variance for repeated mea- 
sures (ANOVA) was done on the ratings 
for the following time periods: (i) the 2 
weeks before the dialysis sessions were 
begun; (ii) the last 2 weeks of sham dial- 
ysis; (iii) the last 2 weeks of active dial- 
ysis; and (iv) the 2 weeks immediately 
following the final dialysis session. The 
psychiatrists' and nurses' ratings corre- 
lated highly (14). 

In the psychiatrists' ratings of the 
whole patient group there was no statisti- 
cally significant difference between the 2 
weeks prior to active dialysis and the last 
2 weeks of active dialysis (7.8 +- .64 ver- 
s u s 8 . 9  .47 , t  = 2 . 1 9 , P =  N.S.). The 
ratings by the nurses concur. ANOVA 
revealed no significant difference in glob- 
al psychosis ratings by the psychiatrists 
for the periods measured (Table 1). In in- 
dividual ratings, no patient showed a de- 
crease during the last 2 weeks of active 
dialysis compared to the 2 weeks prior to 
active dialysis. No patient received a rat- 
ing in the nonpsychotic range during ac- 
tive dialysis (Fig. 1). The ratings by psy- 
chiatrists on the BPRS support these 
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findings. No significant difference was 
found between the total BPRS score of 
the group before active dialysis and at 
the end of active dialysis (Table 1). 
ANOVA of all four time periods also 
showed no difference in the total BPRS 
scores. Furthermore, most patients did 
not change in psychotic behavior as mea- 
sured by the BPRS thought-disorder 
cluster (15), which consists of concep- 
tual disorganization, hallucinatory be- 
havior, and unusual thought content 
(Table 1). 

Four individual symptoms of psycho- 
sis measured by the BPRS-conceptual 
disorganization, unusual thought con- 
tent, hallucinatory behavior, and suspi- 
ciousness-were not significantly dif- 
ferent during the last 2 weeks of active 
dialysis from the 2 weeks before active 
dialysis. There were no significant dif- 
ferences between these four items when 
examined with ANOVA. No individual 
patient became asymptomatic on any of 
these four items during active dialysis. 
Linkowski et al. (9) noted significant im- 
provement in affective symptoms follow- 

ing active dialysis. We were unable to 
replicate this improvement in depression 
in our patients (Table 1). 

In our study, unlike studies previously 
reported, each patient underwent both 
sham and active dialysis and so served as 
his or her own control. Factors such as a 
changed environment and increased at- 
tention were therefore the same for sham 
and active dialysis. Furthermore, pa- 
tients were under similar observation 
and had been admitted to the unit at least 
2 months prior to the beginning of the 
dialysis. 

To date, the particulars of the dialysis 
technology in many studies have not 
been published. There is some possi- 
bility that the disparity of results may be 
related to differences in dialyzers or in 
frequency of dialysis. We dialyzed pa- 
tients at the same frequency as reported 
by Wagemaker and Cade in their first re- 
port (2) and used similar equipment. 
They noted that women were more re- 
sponsive than men, but in our study 
three of the five female patients and one 
of the three male patients deteriorated. 

Fig. 1. Double-blind 
ratings of global psy- 
chosis of each patient 
by his or her psychia- 
trist for the 2 weeks 
prior to active dial- 
ysis, during the active 
dialysis (shaded area), 
and the 2 weeks fol- 
lowing active dialysis. 
In four cases the ten 
active dialyses took 
place over 11 weeks 
because of technical 
difficulties such as in- 
filtration of the fistula 
or because of a refus- 
al by the patient. Pa- 
tient P.S. received 12 
dialyses in 14 weeks 
because she refused 
sessions at weeks 6 
and 7. Four patients 
(B.L., B.D., G.J. ,  
P.S.) remained un- 
changed by the end of 
active dialysis, and 
four (C.K. ,  F.M., 
H.D., J.C.) were 
more psychotic. 

- 2 - 1 1  3  5  7 9 11 13 15 

Time (weeks) 
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The timing of discontinuation of 
neuroleptics may explain some of the dif- 
ferences noted in response to hemo- 
dialysis. Marder et al. (16) reported that 
8 of 22 psychotic schizophrenic patients 
temporarily showed a significant im- 
provement following withdrawal of anti- 
psychotic agents. It is possible that the 
improvement noted in some studies in 
which neuroleptics were discontinued 
the day before the first dialysis or during 
the ongoing dialysis treatment may be 
explained by the drug withdrawal. The 
patients in our study had been off neuro- 
leptics for 4 to 6 weeks and had a well- 
established, stable base line of symptom 
ratings. Other explanations for dif- 
ferences may be spontaneous remission, 
placebo effect, or denial of symptoms. 

In conclusion, although the possibility 
of a small subgroup responsive to dial- 
ysis remains, our data indicate that 
hemodialysis should not be considered 
to be a treatment for schizophrenia at 
this time. 
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Rapid Correction of Hyponatremia Causes Demyelination: 
Relation to Central Pontine Myelinolysis 

Abstract. The human demyelinative disorder central pontine myelinolysis may be 
an iatrogenic disease caused by a rapid rise in serum sodium, usually when hypona- 
tremia is corrected. Rats treated with hypertonic saline after 3 days of vasopressin- 
induced hyponatremia had demyelinative lesions in the corpus striatum, lateral 
hemispheric white matter, cerebral cortex, hippocampal jimbria, anterior commis- 
sure, thalamus, brainstem tegmentum, and cerebellum. Thus, rapid correction of 
hyponatremia can lead to demyelinative lesions and may be the cause of central 
pontine myelinolysis in man. 

Central pontine myelinolysis (CPM) is 
a human demyelinative disorder of un- 
known etiology occurring in a setting 
of chronic illness, alcoholism, and elec- 
trolyte derangements (1). The pons is 
principally affected, but in severe cases, 
demyelinative lesions have been found in 
the corpus striatum, in the thalamus, and 
at the junction of the gray and white mat- 
ter in the cerebrum and the cerebellum 
(2) .  

Twelve patients with CPM, later con- 
firmed at autopsy, were hyponatremic 
(serum sodium 130 mM or less) before 
CPM developed; before the onset of neu- 
rological symptoms, each patient had 
had a rapid increase in serum sodium (20 
to 30 mM in 3 days), which was sus- 
tained for an additional 3 to 5 days (3). 
We proposed that CPM may be an iatro- 
genic disorder caused by a rapid rise in 
serum sodium, usually as a result of cor- 
rection of hyponatremia. We now report 
that demyelinative lesions in the rat are 
produced by the attempt to correct hypo- 
natremia rapidly. 

Experiments were performed on 14 
male Sprague-Dawley rats, aged 3 to 4'12 
months and weighing 325 to 400 g. Hypo- 
natremia was induced by the subcutane- 
ous injection of 1 unit of vasopressin tan- 
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nate (Parke, Davis) per 100 g of body 
weight and an intraperitoneal injection of 
2.5 percent dextrose in water equal to 5 
percent of body weight (4). Vasopressin 
and 2.5 percent dextrose in water were 
given twice daily (9 a.m. and 4 p.m.) on 
days 1 and 3 and once on day 2. During 
this phase, water and food were restrict- 
ed. On days 4 and 5, animals received 
1M hypertonic saline (2 ml per 100 g of 
body weight) as a single intraperitoneal 
injection (5). On day 6, animals were giv- 
en free access to the laboratory diet and 
water. Serum sodium values were ob- 
tained by anesthetizing the animals light- 
ly with ether and removing about 0.75 ml 
of blood from the tail up to three times 
over the 3-day hyponatremic phase. 

Animals that survived the experiment 
were killed by overexposure to ether on 
days 8 to 10, at which time blood for so- 
dium determination was obtained by car- 
diac puncture. Brains were fixed in 10 
percent Formalin and processed routine- 
ly for light microscopy. Paraffin sections 
were stained with hematoxylin-eosin, 
Lux01 fast blue for myelin, and by the 
Bodian method for axons. 

Control animals were six rats made 
hyponatremic for 3 days, as the experi- 
mental rats had been treated, and then al- 
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