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Patients with hyperglycemic, hyperosmolar, non-
ketotic coma (HHNC) are severely dehydrated,
with losses in total body water averaging 24
per cent.1 Balance studies suggest that the lost

fluid contains about 60 meq. per liter of monovalent cations
(Na+ and K+),x which is slightly less than the cationic
concentration (77 mM) of half-normal (0.45 per cent)
saline. Thus, some authorities have recommended fluid
replacement with only half-normal saline.2 Others recom-
mend initial therapy with Vi normal saline, but with the
proviso that patients who present with hypotension, shock,
or severe oliguria should receive full-strength (0.95 per cent)
saline until the blood pressure and urinary output return to
stable levels. ls3~5

Unfortunately, HHNC patients are also, by definition,
hyperglycemic. Administration of insulin to such patients
adds a complicating factor to the aforementioned "logic"
of fluid and electrolyte replacement.6 In fact, the com-
bination of insulin and half-normal saline may lead to poten-
tially hazardous consequences—even in the patient who
presents with normal urinary output and with either normal
or elevated blood pressure and serum sodium, as illus-
trated in the following case.

CASE REPORT

Because of increasing stupor, a 77-year old woman was
transferred from a nursing home to the Peter Bent Brigham
Hospital. The patient had maturity-onset diabetes and had
taken insulin daily for the past 10 years. Three months
previously, she had undergone amputation of a gangrenous
foot. Two weeks before this admission, she had been seen
in an outpatient clinic, where her blood glucose was found
to be 338 mg. per deciliter. She was advised to supplement
her usual morning insulin dosage of 40 U. of NPH with an
additional 20 U. of regular insulin, which she did for the
next three days. Thereafter, regular insulin was adminis-
tered occasionally and in accord with previously prescribed

guidelines based upon the degree of glycosuria. Neverthe-
less, the patient had persistent glycosuria and, during the
week immediately preceding transfer to the hospital, she be-
came progressively more lethargic.

At the time of admission, the patient would respond
only to painful stimuli. Reflexes were minimally and
symmetrically diminished. Except for a positive Babinski
sign on the right (which had been noted on previous
examinations), there were no localizing abnormal neuro-
logic signs. She was afebrile. Blood pressure was 170/90
mm. Hg. Pulse was 120 per minute. Respirations were
regular at 25 per minute. The patient was clinically de-
hydrated, as manifested by poor tissue turgor, dry oral
mucosa, and sunken eyes. Her lungs were clear. A grade
3/6 systolic ejection murmur was audible over the aortic
arch, without radiation to either carotid artery. A fourth
heart sound (S4) was heard intermittently, but there was
no S3. The carotid pulses were brisk and symmetrical
with no bruits or palpable thrills. The remainder of the
physical examination was unremarkable. The estimated
weight of the patient was 40 kg.

Initial laboratory findings included a hematocrit of 39.4
per cent, blood glucose of 860 mg. per deciliter; serum
sodium of 150 meq. per liter; chloride of 111 meq. per
liter; potassium of 4.4 meq. per liter; bicarbonate of 24
meq. per liter; blood urea nitrogen of 48 mg. per deciliter;
and creatinine of 1.8 mg. per deciliter. Serum osmolality
was 368 mosmol. per kilogram of water. Arterial pO2 was
70 mm. Hg, with 94 per cent saturation. Arterial pCO2

was 44 mg. Hg, and pH was 7.35. Her urine contained
sheets of gram-negative rods, numerous white blood cells,
and 4-plus glucose, but no ketoacids. Roentgenograms
of the chest and skull were normal. An electrocardiogram
demonstrated a sinus tachycardia of 110 per minute, S-T
depressions in leads V3 and V4, and T-wave investions in
leads II and III.

In the emergency ward, immediately after blood samples
were drawn, the patient was given an intravenous bolus of
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50 ml. of 50 per cent dextrose in water by the ad-
mitting intern, without improvement in her mental status.
In view of her history and subsequent laboratory findings,
she was diagnosed as having HHNC, with a concomitant
urinary tract infection. Therefore, she was given half-
normal saline at a rate of 400 ml. per hour for the first
two hours, and between 200 and 400 ml. per hour during
the ensuing 12 hours. An initial bolus of 25 U. of regular
insulin was given intravenously, followed by two further
boluses of 25 U. of regular insulin at two-hour intervals,
because her blood sugar remained above 750 mg. per deciliter.
Antibiotics and potassium supplements were also adminis-
tered. During the first six hours, the patient's urine
output averaged 100 ml. per hour. After six hours of
treatment, her blood pressure had stabilized at 140/80 mm.
Hg and her pulse was 80 per minute.

Fourteen hours after admission, the patient had received
4.0 liters of half-normal saline and the serum osmolality
had fallen to 330 mosmol. per liter. Her blood glucose was
150 mg. per deciliter. Unfortunately, her blood pressure
had also declined to 104/68 mm. Hg, and her urine output
abruptly decreased to less than 20 ml. per hour. The total
urine output at 14 hours was approximately 1.25 liter and
the estimated insensible fluid loss was 300 to 400 ml. At this
time, her blood urea nitrogen was 33 mg. per deciliter;
serum sodium was 148 meq. per liter; and serum potassium
was 4.6 meq. per liter. Fluid replacement was promptly
increased to 400 to 500 ml. per hour of half-normal saline
and glucose (2.5 gm. per deciliter), and she was given 20
mg. of furosemide intravenously. During the subsequent
eight hours, the patient's blood pressure rose to 130/80 mm.
Hg and her urine output returned to 100 ml. per hour,
by which time the patient's hematocrit was 29 per cent. By
then, she had received a total of eight liters of half-
normal saline. Her subsequent hospital course was unre-
markable and she returned to her nursing home.

DISCUSSION

We report this case to emphasize the role of fluid
replacement in patients with the HHNC
syndrome, although several other aspects
of her management can be criticized. In

spite of slightly elevated blood pressure and serum sodium
at the time of admission, and in spite of 3.5 liters of
intravenously administered half-normal saline, the patient
developed hypotension and oliguria after 12 hours of
therapy. Similar cases have been reported, although not
always discussed by others.1

How such a complication might occur is illustrated in
figure 1. The standard 70-kg. man (column A), with a
serum osmolality of 280 mosmol. per kilogram, would have
a total body water (TBW) of 42 liters, of which 28 liters

would be intracellular (ICF) and 14 liters would be extra-
cellular (ECF).6 Should he develop hyperglycemia of 990 mg.
per deciliter (i.e. an addition of 50 osmol. of glucose per
liter of fluid extracellularly) and a 24 per cent deficit in
total body water (TBW), equivalent to a loss of Vz strength
saline, his ICF and ECF would fall to 20.2 liters and 11.7
liters, respectively. His serum osmolality would rise to 336
mosmol. per liter in both compartments (column E).

Administration of insulin without fluid replacement (col-
umn D) would lead to disastrous and probably fatal con-
sequences. Insulin would cause a shift in osmotically active
glucose from the extracellular to the intracellular compart-
ments, as well as the subsequent metabolism of glucose intra-
cellularly, since the intracellular concentration of free glucose
would be expected to remain at insignificantly low levels.
This would be accompanied by a parallel shift in fluid from
the extracellular to the intracellular space, resulting in a fall
in intravascular volume and, secondarily, in blood pressure
and urinary output.

In contrast, administration of insulin plus a liter of
normal saline (column C) would maintain or even expand
extracellular volume and would be the preferred treatment
for patients, certainly for those who present with manifes-
tations of shock, hypotension, and associated oliguria.
Theoretically, optimal expansion of ECF would be achieved
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FIG. 1. Fluid shifts in standard 70-kg. man in response to therapy
for hyperglycemic, hyperosmolar, nonketotic coma (HHNC). (See
text for discussion.)
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if the administered saline were equal in osmolality to that
of the patient's serum. However, such "hypertonic" saline
would have the potential disadvantage of delaying correc-
tion of the patient's hypersomotic state. Thus, for HHNC
patients who present in shock, the usual recommenda-
tions for insulin and adequate quantities of normal saline
would seem reasonable.

The major clinical dilemma in treating HHNC arises in
patients such as the one reported above, i.e. patients
who do not present with hypotension or oliguria, or in
whom there may be mild hypertension, hypernatremia,
and/or evidence of impaired cardiac or renal function.
Obviously, one would not wish to overexpand extra-
vascular volume and precipitate congestive heart failure
or exacerbate preexisting hypertension. Therefore, half-
normal saline has usually been recommended for such
patients. However, the administration of insulin would tend
to limit ECF expansion and, in some cases, could result
even in a decline in ECF—in spite of what might other-
wise appear to be adequate fluid replacement. This possibility
is illustrated in column B of the figure 1, as well as in the
case reported above.

Axelrod7 has described an interesting variation on this
theme: A patient, who presented with severe hyperglycemia
and congestive heart failure was treated initially with
insulin alone. The symptoms of congestive heart failure were
ameliorated by the predicted shift of glucose and water from
ECF to ICF. Conversely, we have observed diabetic patients
in whom congestive heart failure was worsened by hyper-
glycemia due to poor diabetic control.

In the absence of controlled studies and more systematic
data, we must remain on the horns of our therapeutic
dilemma. Should we choose to begin therapy with insulin
and half-normal saline, we must monitor carefully the pa-
tient's blood pressure and urinary output. Should either
suddenly decline, we must be prepared to increase promptly

the rate and tonicity of fluid administration. If, on the other
hand, we administer insulin and full-strength saline, we must
be alert to the risk of overexpansion of the extra-
vascular volume, and we must be willing to accept a
slower, more gradual return of serum osmolality toward
normal. Either approach requires meticulous patient monitor-
ing, if we are to reduce the mortality rate of 40 to 60
per cent that is reported for most series of patients with
the HHNC syndrome.
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