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Hyperosmolar non-ketoacidotic coma as a complication of cerebral compression
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HYPEROSMOLAR non ketoacidotic diabetic coma was
first described in 1957 by de Graeff & Lips and by
Sament & Schwartz and since then well over 100
cases have been recorded (Spenney, Eure& Kreisburg,
1969). This condition is probably more common than
first expected (de Graeff, 1963). The main features of
the disorder are severe hyperglycaemia, hyperosmo-
larity and dehydration in the absence of ketosis; it is
difficult to recognize because of the absence of the
classical signs of hyperventilation and the smell of
ketones on the breath. It tends to occur in older
patients in previously unrecognized diabetics. Focal
seizures are known to occur (Maccario, Messis &
Vastola, 1965) in some cases, even when no other
intracranial condition is present to account for them.
Two cases are recorded here of hyperosmolar non-

ketoacidotic diabetic coma (Table 1), occurring in
patients following cerebral compression, both of
whom had focal fits.

Case 1
A man of 63 years with no previous family history

of diabetes, was admitted with unsteadiness of gait
and a right-sided deafness for 1 year, and vertigo and
tinnitus for 1 month. Examination showed signs sug-
gestive of a right posterior fossa space-occupying le-
sion, with total right-sided deafnessand absent caloric
reaction on the right side. His urine was free of sugar.
A myodil ventriculogram showed a massive shift
* Present address: St Mary's General Hospital, Milton,
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of the fourth ventricle and aqueduct to the left.
Following this he had a right temporal craniotomy
and transtentorial removal of a large acoustic
neuroma. The initial post-operative recovery was
good, but after 2 days he began to deteriorate. By
the twelfth postoperative day he had developed signs
of cerebral compression. A right carotid arteriogram
now showed an extradural haematoma lying under
the bone flap; this was evacuated through a burr
hole. This made little difference to his condition and
his conscious level continued to deteriorate. Four
days later the craniotomy was reopened and residual
clot removed completely. Again, little improvement
followed. One day after the further operation he
began to have left-sided fits, partly controlled at first
with phenobarbitone and diphenylhydantoin. Two
days later the fits were not controlled and diazepam
and paraldehyde were added.
He was then discovered to have heavy glycosuria

and a urinary output which exceeded his intake by
over a litre in 24 hr. His blood sugar was 790 mg/100
ml, the blood urea 100 mg/100 ml and the serum
sodium 160 mEq/100 ml. The serum osmolality was
381 mOsm/kg as calculated by the method of Scott
(Nicholson et al., 1964). He was given 40 Units of
insulin intravenously and 40 Units by intramuscular
injection. One litre of 1/6 molar lactate was given in
2 hr. The blood pressure fell to a systolic level of 60
mmHg and he developed Cheyne-Stokes respiration.
This responded dramatically to the intravenous
infusion of 2 pints of blood in half-an-hour.

TABLE 1.

Case 1 Case 2

Blood sugar (mg/100 ml) 790 680
Blood urea (mg/100 ml) 101 158
Serum sodium (mEq/l) 160 161
Serum potassium (mEq/l) 3-4 4-2
Serum chloride (mEq/l) 119 118
Osmolality (mOsm/kg) 381 386
Po2 (mm) - 100
Pco2 (mm) 38 33
pH 7-37 7.45
Fluid given (litres) 14 in 48 hr 4 in 24 hr
Insulin given (Units) 306 in 16 hr 120 in 24 hr
Diabetic control 2000 calorie diet Chlorpropamide 250 mg/day
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He needed a total of 305 Units of insulin in 16
hr to bring his blood sugar to normal, 14 litres of
fluid and 100 mEq of potassium to restore his elec-
trolytes to normal. His epileptic fits disappeared
without further treatment.

Following this he made a slow but steady recovery,
and was discharged from hospital 40 days later. The
diabetes was controlled by diet alone.

Case 2
A woman of 64 years who had had on one occasion

glycosuria which was not investigated and needed
no treatment, was admitted to another hospital,
having slipped on the ice and sustained a head
injury. She did not lose consciousness but vomited on
several occasions. Over the following 6 days her
level of consciousness deteriorated, but varied con-
siderably. At the time of transfer she was deeply
unconscious, but recovered slightly to enable a left
hemiplegia to be diagnosed.
A right carotid arteriogram showed a large sub-

dural haematoma which was evacuated by a right
lateral craniotomy. After operation she improved in
conscious level for 18 hr, but then became drowsy
again. The craniotomy was reopened and a haema-
toma was removed. Again she improved, but 3 days
after her second operation she developed left-sided
epileptic convulsions. These were initially controlled
with diazepam, but 2 days later they recurred. She
had frequent convulsions, eleven in 24 hr, despite
phenobarbitone, diphenylhydantoin and diazepam.
Thiopentone was given by intravenous infusion and
she was respired artificially. She was noted to have
10% glycosuria and the caloric intake at this stage
was in excess of 2500 calories per day. This intake was
reduced, but on the following day her blood sugar
was 680 mg/100 ml, the blood urea was 158 mg/100
ml, the serum sodium 161 mEq/100 ml and the serum
osmolality 386 mOsm/kg.
She was given 50 Units of soluble insulin im-

mediately and her fluid intake was increased to 4
litres in 24 hr. She needed 120 Units of insulin to
bring her blood sugar to normal. Her convulsions
had disappeared 24 hr later. Her insulin require-
ments were gradually reduced as her mental state
improved. Her recovery was prolonged but she
regained full consciousness after 1 month and was dis-
charged from hospital 2 months after operation. At
the time of discharge her diabetes was well controlled
with chlorpropamide 250 mg/day.

Discussion
Patients with hyperosmolar non-ketoacidotic coma

usually present with an insidious onset over several
days or weeks, the sequence of events being polyuria,
low fluid intake, although rarely with polydypsia,
followed by profound dehydration, marked con-

fusion, stupor and coma. In most cases there is no
previous history of diabetes, which is of adult onset
type. It is rare in younger people with one exception
in an 18-month-old child (Ehrlich & Bain, 1967). The
condition is often difficult to recognize clinically, as
the usual signs of diabetic coma, namely hyper-
ventilation and ketosis are absent. Some patients
present with focal seizures (Maccario, 1969);
these patients have no obvious cause for their
seizures and in none is there gross structural brain
disease. Both of the patients described developed
their hyperosmolar non-ketoacidotic coma following
severe cerebral compression, both were critically ill
at the time of diagnosis and had seizures for 48 hr.
In each the seizures were referable to the cerebral
hemisphere underlying the clot.
Hyperosmolar non-ketoacidotic diabetic coma

has been reported with acute pancreatitis (Davidson,
1964; Halmos, 1966), carcinoma of the pancreas
(Jackson & Forman, 1966), following dialysis
(Boyer, 1967), following severe burns (Bailey, 1966;
Rosenburg et al., 1965), in patients treated with
steroids (Boyer, Gill & Epstein, 1967; Kumur, 1968;
Pyorala, Suhonen & Pentikainon, 1968; Spenney et
al., 1969), and in patients following the administra-
tion of diphenylhydantoin (Goldberg & Sanbar,
1969). There are no cases described in association
with cerebral compression, although glycosuria is
found in about 30°4 of patients following severe
head injury; a few of these also have hyperglycaemia
(Higgins et al., 1954).

Several theories have been put forward as to why
these patients do not develop ketosis. In some there
may be a definite lactic acidosis (Danowski &
Nabarro, 1965), but it is not constantly found.
Tissue anoxia is probably responsible when it
occurs. Some cases occur with renal disease without
ketonuria but with detectable serum ketone levels
(Danowski & Nabarro, 1965). Recently it has been
shown that the plasma insulin levels in one of these
patients were raised (Johnson et al., 1969). These
authors believe that there is persistence of enough
insulin production to prevent ketoacidosis, but a
very severe suppression of insulin release in relation
to the level of blood glucose.
The early diagnosis of this condition is vital;

delay may be fatal. The aim of treatment is rehydra-
tion and a decrease in blood sugar. There is con-
siderable controversy over exactly which fluid is best
for the purpose (Sament, 1966; Faegin, 1966; Rosen
& Glick, 1966). Five percent dextrose may be used
providing it is accompanied by sufficient insulin to
stop any further rise in blood sugar, therefore stop-
ping the diuresis. Physiological saline is hypotonicto
the patient's serum and its use is therefore justified.
Probably no hard and fast rules can be laid down for
the management of this condition (Watson, 1966).
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Some patients have been treated successfully with
physiological saline until the blood sugar fell and
then with 4.3%0 dextrose saline (Martin, 1968).

Recently hypotonic fructose has been suggested as
as initial treatment (Johnson et al., 1969). Hypoten-
sion and circulatory collapse caused by severe de-
hydration must be treated with albumen, plasma or
whole blood (Matz & Drapkin, 1966) as in the first
case reported here. Insulin should be given in
adequate amounts frequently, depending on the
blood sugar levels. Large quantities may not be
needed; one reported case needed no insuLlin (Hayes
& Woods, 1968). Patients presenting with focal
seizures are often treated with anticonvulsants;
these are ineffective (Maccario et at., 1965) and di-
phenylhydantoin may be contraindicated (Goldberg
& Sanbar, 1969). These focal seizures are always
controlled when the hyperosmolar diabetic state is
corrected.
The prognosis is grave; a mortality of 500 has been

recorded (Halmos, Nelson & Lowry, 1966). This high
mortality can only be reduced by early recognition
and prompt treatment. The recognition may be
difficult because of the lack of signs. Focal seizures
following cerebral compression are common, but
this condition should be suspected when the recovery
is unduly prolonged despite relief of cerebral com-
pression and when the seizures are not responding
to conventional anti-convulsant therapy.
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