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stimuli. Spontaneous respirations were pre-
sent. Funduscopic examination demon-
strated sharp discs and no retinal
haemorrhages. Pupillary examination was
unremarkable and doll's eyes and comeal
reflexes were normal. No spontaneous move-
ment of the extremities was seen and the
plantar responses were extensor bilaterally.
Serum sodium on the fourth hospital day was
152 mmol/l and potassium was 3 mmolIl. A
lumbar puncture revealed 456 x 106/1 red
blood cells, 7 x 106/1 blood cells; protein was
39 mg/dl and glucose 99 mg/dl. Cultures of
the spinal fluid were sterile and a repeat CT
scan of the brain was normal. Haematological
studies demonstrated persistent anaemia and
thrombocytopenia. EEG showed diffuse
slowing of the background with features con-
sistent with a diffuse encephalopathy. The
patient remained comatose until her death on
the thirteenth hospital day.
A limited necropsy revealed bronchopneu-

monia and acute haemorrhagic necrosis of
both adrenal glands. Sections of the brain
were limited to the diencephalon and brain-
stem. The thalamus, internal capsule, and
basal ganglia demonstrated severe acute
demyelination of the white matter tracts and
petechial haemorrhages in the thalamus and
substantia nigra (fig 1). Microscopically,
these areas showed diffuse severe myelinolysis
with neuronal cell death. The pons demon-
strated numerous areas of acute demyelina-
tion (fig 2).

Review of reported central and
extrapontine myelinolysis cases
Sixty seven cases of CPM and EPM have
been reported since 1983, when the associa-
tion of myelinolysis and hyponatraemia was
first recognised (table 1). In 38 of these, there
was enough information to determine the
manner of correction: 21 patients were
treated with hypertonic saline and 17 with
isotonic saline. Fifty seven reports included

Figure 1 A coronal section through the third ventricle demonstrates acute petechial
haemorrhages with histological confirmation ofdemyelination in the thalamus and
midbrain.

Figure 2 A sectionfrom the rostral pons reveals numerous
patchy areas of demyelination centrally and laterally (luxol
fast blue stain, 7).

information regarding the rate of correction:
serum sodium was normalised in 26 patients
within 24 hours, and in 31 others was cor-
rected over 30 hours to five days. Of note,
serum sodium in 16 of these 31 patients was
overcorrected to hypernatraemic levels.

Discussion
HISTORY AND EPIDEMIOLOGY OF CENTRAL AND
EXTRAPONTINE MYELINOLYSIS
Central pontine myelinolysis (CPM) was
originally documented by Adams et al in
patients suffering from alcoholism or mal-
nourishment.'6 Although many of the patients
reported subsequently with myelinolysis were
also alcoholics, CPM is known to occur in
hyponatraemic non-alcoholic patients. These
groups comprise patients who have been
treated with diuretics,37Ao overhydrated post-
operatively,41 become dehydrated because of
vomiting or diarrhoea,"'942 or have been
compulsive water drinkers.6 Subsequently it
has been recognised that electrolyte imbal-
ances4', especially hyponatraemia,44 are com-
mon antecedents of CPM. A great deal of
controversy in recent years has revolved
around the underlying mechanism causing
the lesions. Most investigators feel that the
cause is iatrogenic and secondary to changes
in the serum sodium levels. In recent
years, the majority of patients with this syn-
drome have had documented hyponatraemia
and have had their serum sodium levels
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Table 1 Reported CPM cases since 1983

Reference Predisposing
No Age/gender condition Na-,initial Treatment Na+,after Rx Time interval Pathology5
5 51,f
6 40,m
6 48,m
7 34,m
8 52,f
9 50,m
10 46,m
10 39,m
3 54,f
3 54,f
3 60,m
3 68,f
3 74,f
3 75,f
3 77,f
3 41,m

11 61,f
2 59,m
2 56,m
2 39,m
2 56,m
2 53,f
2 69,f
2 16,m
2 54,f
2 49,f
2 47,f
2 77,f
2 43,m

12 54,m
13 41,m
14 74,m
15 54,f
15 21,m
15 28,f
15 23,f
15 23,m
15 43,m
15 33,m
15 45,m
15 18,m
15 4,f
15 8,f
16 53,m
17 20,f
18 59,f
19 56,f
20 17,f
21 28,m
22 53,m
23 50,f
24 37,f
25 58,f
26 6,f
27 18,f
27 82,f
27 52,f
28 61,f
29 65,m
30 NA,m
31 29,f
32 46,m
33 40,m
34 55,m
35 66,m
35 54,m
35 68,f

alcoholic
H,O drinker
H,0 drinker
alcoholic
overhydration
alcoholic
alcoholic
alcoholic
NA
diuretics
diuretics
diuretics
diuretics
diuretics
alcoholic
alcoholic
vomiting
NA
NA
NA
NA
NA
diuretics
NA
diuretics
diuretics
alcoholic
overhydration
overhydration
alcoholic
alcoholic
bladder flush
liver tK
liver tK
liver tx
liver tK
liver tx
liver tK
liver tx
liver tK
liver tx
liver tx
liver tK
alcoholic
vomiting
diuretics
diuretics
NA
alcoholic
alcoholic
alcoholic
alcoholic
IV fluids
NA
vomiting
diuretics
diuretics
alcoholic
alcoholic
alcoholic
diarrhea
alcoholic
NA
alcoholic
DI, lymphoma
alcoholic
esophageal CA

94 meq/l
93 mmol/l
96 mmol/l
111 meq/1
97 meq/l
102 meq/l
100 meq/l
107 meq/l
102 mmol/l
109 mmol/l
105 mmol/l
103 mmol/
115 mmol/l
114 mmol/l
98 mmol/l
109 mmol/1
95 mmol/
149 mmoUl
129 mmol/l
134 mmol/l
130 mmol/l
102 mmol/l
100 mmol/l
99 mmol/l
91 mmol/l
91 mmolJl
96 mmol/l
98 mmol/
103 mmol/l
104 meq/l
93 mmolA
116 mmol/l
129 meq/l
121 meq/l
120 meq/l
130 meq/l
122 meq/l
126 meq/l
118 meq/l
121 meq/l
131 meq/l
126 meq/l
NA
104 meq/1
103 meq/l
105 mmol/l
113 mmol/
100 meq/l
126 meq/l
104 meq/A
108 meq/l
112 meq/l
110 meq/l
NA
126 meq/l
124 meq/l
99 mmol/
120 mmol/l
93 meq/l
100 mmol/l
114 meq/l
104 meq/l
97 mmoL/l
110 mmoul
103 meq/l
NA
NA

NA = not available, CPM = central pontine myelinolysis,
EPM = extrapontine myelinolysis, NSS = normal saline solution
Liver tx = liver transplantation, DI = diabetes insipidus
*Pathological examination, generally autopsy

rapidly corrected to normal or supranormal
levels.234950 It is not clear whether the low
sodium or the rate of correction of the
sodium is instrumental in creating the tissue
damage. It has been noted that hypona-
traemia has long been recognised as a com-
mon electrolyte disturbance, but CPM was
not noticed before 1959. As diuretic treat-
ment of hypertension is a common predispos-
ing factor for CPM, the occurrence of the
condition in the past three decades has been
correlated with the advent of potent thiazides
and with the treatment of hyponatraemia with
intravenous fluids.3951

Extrapontine myelinolysis (EPM) occurs in
the same clinical setting but is seen infre-

quently.4252 The first case was described by
Mathieson and Olszewski in 1960,53 with
pathological changes seen in the cerebellum
and putamen in addition to the central pons.
Since that time, symmetrical demyelinating
lesions are recognised to occur, in addition,
in the thalamus, corpus callosum, subcortical
white matter, claustrum, caudate, hypothala-
mus, lateral geniculate bodies, amygdala,
subthalamic nuclei, substantia nigra, and
medial lemnisci.3338425254 EPM is thought to
coexist with CPM in 10% of all cases,4246 but
can also occur in the absence of a pontine
lesion.35 5

The aetiology of the thalamic and nigral
petechial haemorrhages in our patient 3 is

5% NaCl
Hypertonic Na
Hypertonic Na
0-9% NSS
5% NaCl
Hypertonic Na
3% NaCV/NSS
NSS
NSS
3% NaCl
NSS
NSS
5% NaCl
3% NaCl
3% NaCl
NSS
NSS
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Hypertonic Na
Hypertonic Na
Hypertonic Na
3% NaCl
3% NaCIVNSS
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NSS
NSS
3-5% NaCl
NSS
NSS/3% NaCl
NA
NSS
NA
NA
3% NaCl
NA
NSS
NSS + others
2% NaCV/NSS
NSS
3% NaCV/NSS
"Rapid2-4/h"
NSS
NSS
1-8% NaCl
NA
NA
NA
NA

125 meq/1
138 mmoUl
137 mmol/l
"Ni" after 5d
125 meq/l
130 meq/l
134 meq/l
NA
156 mmol/
146 mmoUl
132 mmoUl
133 mmoMl
138 mmol/l
130 mmoYl
127 mmol/l
132 mmoUl
133 mmoUl
144 mmol/
156 mmoUl
162 mmoUl
159 mmol/
130 mmoUl
136 mmol/l
139 mmol/ -
143 mmoUl/
132 mmol/ -
130 mmoUl
137 mmol/
154 mmol/l
124 meq/l
123 mmol/l
129 mmoUl
NA
151 meq/l
143 meq/l
149 meq/l
145 meq/l
146 meq/l
138 meq/l
139 meq/l
148 meq/l
147 meq/l
151 meq/l
130 meq/l
135 meq/l
147 mmol/
125 mmol/
118 meq/l
135 meq/l
130 meq/l
NA
121 meq/l
NA
NA
145 meq/l
136 meq/l
123 mmoUl
135 mmol/
133 meq/l
NA
133 meq/l
130 meq/l
124 mmoUl
NA
143 meq/l
161 meq/l
188 meq/l

24 hours
30 hours
20 hours
5 days

24 hours
24 hours
24 hours
NA
72 hours
72 hours
NA
29 hours
24 hours
21 hours
96 hours
72 hours
5 days

24 hours
48 hours
48 hours
61 hours
15 hours
53 hours
48 hours
34 hours
30 hours
45 hours
37 hours
45 hours
48 hours
24 hours
24 hours
NA
NA
4 days
NA
24 hours
24 hours
3 days

48 hours
3 days

24 hours
NA
24 hours
15 hours
24 hours
6 hours

17 hours
24 hours
24 hours
NA
24 hours
48 hours
NA
48 hours
24 hours
3 days
4 days

24 hours
48 hours
17 hours
48 hours
24 hours
5 days
"Few days"
NA
NA

CPMIEPM
CPM/EPM
CPM/EPM
NA
NA
CPM
NA
NA
CPM/EPM
NA
NA
NA
NA
NA
CPM
NA
NA
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
Demyelination
CPM/EPM
CPM
NA
CPM/EPM
CPM
CPM
CPM
CPM
CPM/EPM
CPM/EPM
CPM/EPM
CPM
CPM
CPM
CPM
CPM/EPM
CPM/EPM
CPM
NA
NA
NA
CPM
CPM
CPM/EPM
CPM
NA
NA
NA
CPM/EPM
CPM
CPM
CPM
CPM/EPM
CPM/EPM
CPM/EPM
CPM/EPM
CPM/EPM
EPM
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uncertain. Histological abnormalities in capil-
laries have been described in CPM, and
CPM tends to be worse perivascularly.'6
Perhaps the petechiae were related to the
patient's persistent thrombocytopenia in con-
junction with the ongoing myelinolysis.
CPM has occurred in patients ranging in

age from 3 to 77 years, and there appears to
be no gender predilection;43 of 67 patients
reported since 1983, 34 are women and 33
are men. The incidence of the condition has
been reported to range from 0.28% to 9.8%
in necropsy series.

CLINICAL PRESENTATION OF PATIENTS
The conditions of patients with CPM/EPM
range from asymptomatic to coma or a
"locked-in syndrome",'6'9 probably depend-
ing on the extent of the areas affected by the
demyelination. Common findings include
behavioural abnormalities, pseudobulbar
palsies, tetraplegia, hyperreflexia, ophthalmo-
paresis, seizures, and coma.3 364660 Frequent
underlying systemic conditions include alco-
holism, dehydration due to vomiting or diar-
rhoea, malnutrition, and burns.'658 The
condition has also been described with an
increased frequency in patients undergoing
orthotopic liver transplantation.6'

ANIMAL MODELS OF CPM/EPM
Although occasional patients with CPM/EPM
have had normal serum sodium levels or have
been hypernatraemic, the majority of the ear-
liest described patients were hyponatraemic
at some point in the course of their illness.'744
This finding spawned research into experi-
mental hyponatraemia and the production of
CPM/EPM in animal models. Hypo-
natraemic rats,45 rabbits,47 and dogs46 treated
rapidly with hypertonic saline developed
CPM or EPM or both, whereas animals with-
out treatment for their hyponatraemia devel-
oped no neuropathological changes. This
caused more attention to be devoted to the
rate of correction of hyponatraemia in
humans rather than the hyponatraemia itself.

RECOMMENDATIONS FOR TREATING
HYPONATRAEMIA
Substantial disparity of opinion exists regard-
ing the treatment of hyponatraemia. One
consideration frequently used to guide ther-
apy is the presence of symptoms, as mortality
is minimal in asymptomatic patients.4'48
Many authors agree with Arieff, a prominent
researcher in the field of hyponatraemia,48
who advises treating symptomatic patients,
but recommendations for "rates" of treat-
ment vary widely. Arbitrarily, slow correction
has been defined as changing the serum
sodium by less than 0 7 mmol/hour and rapid
correction as exceeding 2 mmollhour.'
Increasing the serum sodium by 2 mmollhour
is advised by many studies,' 4162 though other
authors prefer the slower rate of 0 5
mmol/hour.' Arieff, however, has noted
that the rate of correction is probably not as
important as the absolute change in serum
sodium,48 and suggests not increasing the

serum sodium by more than 25 mmol over
the first 24 hours. A general consensus is that
the patient should not be made hyperna-
traemic.' 2 64
The agents used to treat the hypo-

natraemia have also been subjected to
scrutiny: rapid correction of hyponatraemia
is usually accomplished by the use of hyper-
tonic saline, though CPM/EPM has also
occurred in patients treated with isotonic
saline."1 1161719 22 28 32 Frusemide used in con-
junction with intravenous fluids may diminish
the incidence of CPM/EPM.46'

Analysis of the treatments reported in table
1 in patients who ultimately developed CPM
or EPM would suggest that the concentration
of sodium chloride and the rate of adminis-
tration make no difference to the rate of
development of CPM or EPM.

ANALYSIS OF PRESENT CASES
The three patients described here presented
with very low serum sodium levels and were
treated differently, yet all suffered from
increasing obtundation leading to coma.
None of the patients were malnourished, nor
was there a history of significant alcohol
intake. Two patients developed EPM and
cortical neuronal death while the third patient
had both pontine and extrapontine myelinol-
ysis. Cortical neuronal death mimicking the
changes seen in anoxia is uncommon in
extrapontine myelinolysis but has been
reported in several cases.5 42 53

These three cases emphasise the dilemma
facing clinicians concerning treatment of
hyponatraemia. Of the three patients pre-
sented, one was treated over the course of
three days with isotonic saline, hypona-
traemia in the second patient was rapidly cor-
rected with hypertonic saline, and serum
sodium in the third patient was rapidly over-
corrected with hypertonic saline.
An analysis of 185 patients with sympto-

matic hyponatraemia reported since 1954 was
undertaken. The initial serum sodium ranged
from 95 mmol/l to 124 mmol/l and symptoms
varied from weakness and lethargy to seizures
and frank coma. Fifty three patients treated
with hypertonic saline improved and the clini-
cal condition of 43 worsened. Eighteen
patients treated with normal saline improved
and nine worsened. Twenty seven patients
were treated only with water restriction: all
were felt to have improved. Thirty five
patients were treated only by the withdrawal
of diuretics and all improved. It should be
noted that these numbers do not reflect the
thousands of hyponatraemic patients, treated
in various fashions, with both favourable and
poor outcomes, all ofwhom are unreported.
The absolute change in serum sodium,

suggested to be the inciting factor of myeli-
nolysis by Arieff,48 in our three patients was 9
mmol/24 hours, 23 mmol/8 hours, and 41
mmol/24 hours. In the 67 reported cases of
CPM since 1983, information concerning
absolute change of serum sodium was avail-
able in 51 patients. Twenty patients had an
increase in serum sodium of less than 15
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mmol/24 hours, although the hyponatraemia
in five of the patients was overcorrected. The
increase in 12 patients ranged from 16 to 25
mmol/24 hours, with three overcorrections.
Seventeen patients sustained an increase in
serum sodium ranging from 26 to 40
mmol/24 hours (with one overcorrection).
Successive sodium levels 24 hours apart were
more than 40 mmol greater in two additional
patients. Although these numbers are too
small to prove or disprove a theory, correc-

tion of the hyponatraemia in 34 of these
patients (including two of the current cases)
fall into the recommended 25 mmol/24 hour
increase in serum sodium,48 yet the patients
still suffered from myelinolysis.
Our three cases of CPMIEPM, combined

with a review of reported cases since 1983,
seem to suggest that none of these factors
(the rate of serum sodium correction, the
absolute sodium change, or the solution
employed) are the critical factors in the pre-

vention of central or extrapontine myelinoly-
sis. There have been no patients with
hyponatraemia documented to have CPM or

EPM either by radiological studies or autopsy

who have been treated with water restriction
only, and allowed to "self-correct" their
hyponatraemia. This review would suggest

that water restriction combined with cessa-

tion of diuretic therapy and observation may

lead to a more salutary outcome, and may be
reasonable in some patients with sympto-

matic hyponatraemia and normal renal func-
tion. Further research based on animal
models might identify an additional factor in
the treatment of hyponatraemia which will
enable clinicians to prevent this frequently
fatal condition.

We thank Mr Don Morse for photographic assistance.
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