
Table Biochemical datafrom the post-operative period

Days after Measured Calculated Plasma DMSO Extracellularfluid Intracellularfluid
operation plasma plasma + DMSO2

osmolality osmolality (mmol/12) [Na] Total Na Volume [Na] Total Na Volume
(mosm/kg) (mosm/kg) (mmol/l) (mmol) (litres) (mmol/l) (mmol) (litres)

0 - 280 - 134* 1876t 14t 11t01 308t 28t
4 463* 330 96* - - - - - -
7 444* 343 51* 160* 1876t 117+ 13.0* 308t 2371

(-23) (-43)
10 341* 315 29* - - - - -

Total H20 deficit after 7 days = 2-3 + 4 3 = 6-6 litres.
DSMO = dimethylsulphoxide. DMS02 = dimethylsulphone.
* = measured value.
t = assumed value for 70 kg man.
+ = calculated value.
Calculated osmolality = 2 (Na + K) + (glu) + (urea), all in mmol/l.

7.5 mmol/l but the plasma creatinine
concentration remained unchanged at
120 umol/l. The urine concentration of
dimethylsulphoxide and dimethylsulphone
measured on day seven was 413mmol/l.
The plasma elimination half life of di-
methylsulphoxide was 20 5 hours, which
is in agreement with that reported by other
workers.6
The water depletion which this patient

suffered was unlikely to be due to cranial
diabetes insipidus since adequate intra-
muscular doses of dDAVP were adminis-
tered. The most likely mechanism is an
osmotic diuresis due to the high plasma and
urine concentrations of dimethylsulphoxide
and dimethylsulphone. It is likely that the
loss of 15% ofbody water contributed to the
deterioration in his level of consciousness.
Subsequent patients have received dime-
thylsulphoxide at a lower dosing regimen
(15 g/kg over the first eight hours then
0-8 g/kg over the next sixteen hours and
0-5 g/kg every subsequent twelve hours).
This produces dimethylsulphoxide levels
in the range 25-40 mmol/l and dime-
thylsulphone in the range of 10-20 mmol/l.
This regimen, together with careful atten-
tion to fluid balance, has not resulted in any
further cases of serious biochemical
disturbance. Patients with impaired renal
function will require lower doses since
50% of an intravenous dose is excreted
unchanged in the urine.
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Possible peripheral neuropathy at high
altitude

Sir: Although it is well documented that
peripheral neuropathy can be caused by
many aetiological factors at normal alti-
tudes cases which accompany high altitude
sickness have not been reported or examined
to our knowledge.' Our Hokkaido Univer-
sity Alpine Club accomplished the first win-
ter ascent in the world of a summit more
than 8,000 meters high in 1982. In the pre-
ceding decade we had dispatched five expe-
ditions to mountains above 6,000m for the
purpose of scientific research and training in
high altitude climbing. Among these five
parties, 44 members succeeded in climbing
to an altitude over 6,000 meters. However,
three climbers suffered from high altitude
sickness, two of whom complained of
impaired sensation in the distal parts of their
four extremities. In this observation we
describe the clinical aspects of these two
cases and speculate upon the patho-
physiological factors.

The first case was a 20-year-old-man, who
had not been above 3,000 m before, who
underwent ascent training on Mount Mc-
Kinley, Alaska in 1972. He complained of a
headache and general weakness on reaching
5,300 m. His symptoms gradually became
worse, so he stayed in camp at 5,300m for
two days, while the other members ascended
to the summit. An examination on the eve-
ning of the fourth day after the onset of the
illness showed drowsiness, slurred speech
and truncal ataxia which were so severe that
he could not stand still. His lungs were
almost normal on auscultation, but noc-
turnal Cheyne-Stokes respiration was noted.
He was treated with acetazolamide and
evacuated to 4,000m with the help of other
members. When his consciousness was
restored, he noticed the impairment of all
sensory modalities in both his hands and
feet. The next day he descended to 3,300m
without help, and in four days he made a
complete symptomatic recovery. He
retained no memory of the fourth day and
fifth day of his illness.
The second case was in a winter climbing

party which went to Mt Baruntse (7,200 m)
in the Nepali Himalaya in 1980. A
24-year-old anaestheologist then suffered
from high altitude sickness. The climb began
on 4 November. On the 10th day while
crossing a pass at 4,200m, he experienced
severe headache and fatigue. On the 13th
day he was cyanotic and walked with
difficulty owing to truncal ataxia, but all
symptoms disappeared by the 20th day. On
12 December, he climbed again to 6,200 m,
and headache and fatigue returned. After
two days he was confused and unable to
stand by himself. He was carried to 5,100 m,
where he recovered consciousness, and
noticed sensory loss in both his arms and
legs predominantly involving the distal por-
tions of four extremities. He exhibited cen-
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tral scotoma in both eyes. On the 6th day he
was carried down to 4,700 m, but the follow-
ing day he could walk unaided. By the 18th
day, scotoma and impaired sensation disap-
peared, but his memory from the 3rd to the
5th day was lost. In February 1983 he was
examined at our university hospital, and no
abnormal findings were present in his optic
fundi.
The symptoms of high altitude sickness

have been well studied in the past.2`5 At
high altitude, mountaineers experience hyp-
oxia, cold, hard exercise and, to a certain
extent, malnutrition. In the two afore-
mentioned cases, when they presented the
symptoms the altitude was around 5,900
meters (converted to standard height) and
the atmospheric pressure was about 50% of
that at sea level.6 The temperature several
days prior to their illness ranged from 0°C to
-I0°C, but their clothes were sufficient to
protect them against the cold. They engaged
in activities under the same conditions as the
other climbing members. Until up to two
days before their symptoms developed, they
had been taking meals as usual and also
vitamin tablets every day. None of them had
any remarkable past history of diseases
involving peripheral nerves. In both cases,
they noticed their impaired sensation for the
first time only after they had regained con-
sciousness. This fact led us to suspect that
their symptoms appeared at the most crucial
stage of high altitude sickness. These series
of observations suggested that the causes of
impaired sensory perception were related to
hypoxia and some adjunctive factors.
Locations and modalities of impaired sensa-
tion were identical with the ischaemic neu-
ropathy caused by polycythaemia vera,
namely, impaired perception of all sensory
modalities in the distal extremities with pre-
served power in all muscle groups.6
At high altitude, marked polycythaemia

more than 7 x 106/mm3 could occur as the
result of acclimatisation.7 This poly-
cythaemia can be excerbated by dehydration
due to hyperventilation resulting in lowering
circulation in the capillary system.8 The
transient nature of these polyneuropathic
symptoms in our cases might be explained
on the basis of ischaemia in the peripheral
nerves.
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Matters arising

Polyneuritis cranialis in Lyme disease

Sir: It was interesting to read the article
Polyneuritis cranialis associated Xwith Bor-
relia burgdorferi. X We describe here a patient
with bilateral facial palsy due to Lyme
disease.
A 26-year-old man from the southern part

of New Jersey state was admitted to hospital
for left facial weakness of 2 days duration.
Three weeks prior to this admission the
patient had fever with chills for two days
which subsided without any specific therapy.
Subsequent to that he had bifrontal head-
aches and pain in the left mastoid region.
Two days prior to the admission he devel-
oped numbness of the left side of mouth,
tongue and the left eye. When he was seen in
the hospital he had slight neck stiffness,
dense lower motor neuron facial palsy and
decreased facial sensation on the left side. A
lumbar puncture was performed. The open-
ing pressure was 12 cm of CSF. The protein
was 41 mg/dl and sugar was 60 mg/dl. There
were 169 WBC/mm3; 95% were lympho-
cytes. Routine bacterial and fungal cultures
were negative. A possibility of herpes
encephalitis was considered. After 2 days he
developed right lower motor neuron facial
palsy. A CT scan of the head with and with-
out contrast was normal. The antibodies
titres to the Lyme disease spirochete were
IgM 800 and IgG 400 units. The patient was
not sure about any tick bite and he did not
give any history of erythema chronicum
migrans or arthritis. He was treated with 20
million units of penicillin G per day for 10
days with marked improvement in his head-
aches and some improvement of his facial
palsy.
The patient described here did not have

erythema chronicum migrans and arthritis
and initially the diagnosis was in doubt.
Erythema chronicum migrans occur in 89%
of patients with Lyme disease with neuro-
logical complications. About 50% with
neurological complications of Lyme disease
have facial palsy and one-third of them
have bilateral facial palsy.2 Our patient had
bilateral facial palsy and left V nerve
involvement. In patients with multiple cra-
nial nerve lesions even in the absence of
erythema chronicum migrans and history
of tick bite a possibility of Lyme disease
should be considered before embarking
on expensive and invasive diagnostic
investigations. We agree with Schmutzhard
et al, that Lyme disease is an important
cause to be considered in the differential
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