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Mannitol Therapy in Oliguria of Acute Onset

H. E. ELIAHOU,* B.A., M.D.
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The protective action of mannitol on the ischaemic kidney
was noted by Selkurt (1945) and reaffirmed experimentally by
Hatcher et al. (1958) and Hostnik et al. (1959). Recent reports
(Powers et al., 1957; Barry et al., 1961a, 1961b; Lempert et at.,
1961 ; Nesbit et al., 1962; Barry and Malloy, 1962; Seitzman
et al., 1963) claim that the process of acute renal failure can be
prevented or even reversed by the use of intravenous mannitol,
provided this treatment is instituted early. But in all the clinical
cases presented there is some doubt about whether actual reversal
of acute renal failure had taken place. Experimental support
of reversal has, however, been obtained. Murphy et al. (1963)
have shown a definite increase in the directly measured renal
blood-flow during sustained haemorrhagic hypotension in
dogs, without having increased the blood-volume. Leonhardt
and Landes (1963) found that infusion of mannitol in six
dehydrated patients increased the partial pressure of oxygen
in the urine from a mean of 29 mm. to a mean of 67 mm.
Hg, an average rise of 124%.
Our intention was to examine the possible beneficial effects

of mannitol clinically, and to investigate whether reversal of
acute renal failure does actually occur. If proper evaluation
of mannitol therapy is to be attempted, its effect in oliguria
of extrarenal origin and in oliguria of true renal origin should
be considered separately. In this study this differentiation
has been attempted, using the power of the kidneys to con-
centrate as the criterion. It has been shown by Gullick and
Raisz (1960) that the concentrating ability, though markedly
decreased during operation, returns toward pre-operative
values the next day. It therefore follows that any serious
decrease in the concentrating ability of the kidneys in the
presence of oliguria, later than 24 hours post-operatively,
would seem to indicate incipient acute parenchymatous renal
failure, provided the kidneys were normal prior to the
operation.

Methods
This study is based upon the finding that in oliguria of

extrarenal origin, when the kidneys are still normal, the
urinary urea concentration and the urine osmolality are high;
the urine-urea concentration being well over 1,500 mg./100
ml. (Shackman et al., 1960; Molloy, 1962; Eliahou, 1963)
and the urine osmolality being at least two and a half times
that of the plasma (Jacobson et al., 1962), whereas in acute
renal failure the kidneys fail to concentrate and the urinary
urea and osmolality tend to approach that of the blood.

* From the Nephrology Unit, Tel-Hashomer Government Hospital, Tel-
Hashomer, israel.

Only patients whose kidneys. functioned well prior to the
onset of oliguria were considered. This was determined in
the general-hospital wards by the absence of a history of
serious renal disease, by a normal specific gravity, by the
presence of a normal creatinine clearance, and by a normal
blood-urea level. In the few emergency cases an adequate
history of no renal disease, together with a previous negative
routine check-up of the urine, sufficed. To avoid the transient
decrease in the concentrating ability during operations
(Gullick and Raisz, 1960), the urines of all the surgical patients
included in this study were first examined, and mannitol was
administered, at least 24 hours after the end of the operation.

Samples of fresh urine were taken from the patients soon
after oliguria was established and were examined for osmo-
lality and urea concentration. Osmolality was always promptly
determined. If the samples were taken at night the urea was
determined the next day, after having covered the urine with
toluol and stored it in a refrigerator. Fresh samples of
urine were examined the next morning after the administra-
tion of mannitol. This was usually within 10 to 18 hours
after its infusion.
Urine-urea concentration was determined by the Technicon

autoanalyzer. Urine osmolality was determined by the Fiske
osmometer.

In all the patients, excepting Case 1 (see Table and case
report), 250 ml. of 10% mannitol was rapidly infused intra-
venously at the rate of 80 to 100 drops a minute. This was
followed by intravenous fluids according to the requirements
of the individual patient, depending upon the fluid balance-
sheet.

Results

Oliguric Patients with Low Urine Concentration
Ten severely ill patients are included in this group. Except

for the case of severe heat-stroke, they were all surgical cases
(see Table). These patients at the time of examination, after
the onset of oliguria, had a low urinary urea concentration as
well as a low urine osmolality, in spite of a rise in blood urea.
The values were not low enough to justify the diagnosis of
acute renal failure. However, they were not high enough to
be compatible with the diagnosis of normal kidneys. Since
acute renal failure takes some time to develop, it is possible
to interpret these findings as being compatible with partial or
"incipient" renal failure. According to the clinical events
and the laboratory data, therefore, the cases described could
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Oliguria-Eliahou
be interpreted as having been well on their way towards
developing " total acute renal failure."

In all the cases the urine output rose significantly. Except
for Cases 7 and 8, both the urine-urea concentration and the
urine osmolality were significantly higher after the infusion of
mannitol. In Cases 7 and 8 there was a moderate decrease in
urine concentration associated with marked diuresis and an
increase in the total urinary urea output. In Case 8, for
example, the urea output rose from 1.26 g. to 19.33 g./24
hours.
The blood-urea level, though included in the table, cannot

be considered in evaluating the effect of the mannitol, since it
is dependent upon many other factors, especially the catabolic
rate. In most of the cases, however, it decreased to normal
within two to four days.
In this group, therefore, it is possible to assume that renal

failure, which was partial or incipient, was reversed by the use
of intravenous mannitol. The following case report illustrates
this assumption clearly.

Case 1

A 19-year-old youth suffered from a gunshot wound in the back.
The bullet had shattered a rib, tore the liver and the upper pole
of the right kidney, and involved the vertebrae. He had partial
paralysis of both lower limbs. On lumbar puncture the cerebo-
spinal fluid was grossly bloody. At laparotomy free blood was seen
in the peritoneal cavity. The liver had a large defect on its superior
surface, with a tear extending all the way down to its inferior
surface. A large retroperitoneal haematoma was evacuated. The
torn upper pole of the right kidney was repaired. Scattered pieces
of adrenal tissue were seen in the area. The intestines were not
involved. The ninth rib was shattered and pieces of it were seen
in the area of the inlet wound. During the day of the operation
and the next day the blood-pressure was unstable. The systolic
pressure fluctuated between 90 and 120 mm. Hg. Noradrenaline
infusion was needed only for short periods.

During the first eight hours after the operation he passed 100 ml.
of urine, with an osmolality of 600 mOsm/kg. During eight hours
on the next day only a few drops of urine were passed, with an
osmolality of 378 mOsm/kg. and a urinary urea concentration of

Details of

Case Age
No. Clinical Diagnosis
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360 mg./100 ml. Obviously the renal function was deteriorating
fast. His blood urea was 143 mg./lOO ml. and the plasma osmolality
286 mOsm/kg. Since the urine/plasma osmolality ratio was not yet
unity but 1.31, it was thought that some residual function still
remained. He was given 300 ml. of 5 % mannitol intravenously at
the rate of 10 ml./minute. There was a definite increase in diuresis,
reaching 350 ml. in the next 12 hours. The next morning his
blood urea rose to 264 mg. His urinary urea concentration increased
to 700 mg. His urine osmolality improved to 508 mOsm/kg. How-
ever, during all the morning marked oliguria was again observed.
A second course of 300 ml. of 50% mannitol at the rate of 10 ml./
minute was given intravenously. Again there was an increase in
the diuresis, which reached 400 ml. till the next morning, with a
marked improvement in the urinary urea concentration which
reached 3,020 mg. By then the blood urea had fallen to 173 mg. The
next day a profuse diuresis started, with a urea concentration of
3,600 mg. The marked improvement in his renal function within
72 hours of the operation contrasted distinctly with the severe
clinical condition of septicaemia and delirium. The blood urea
decreased to normal within less than a week. On the sixth to
eighth post-operative days there was an episode of dehydration with
" contracted blood-volume," a high plasma osmolality (304 mOsm/
kg.), a high urine osmolality (912 mOsm/kg.), and a low urine
sodium (12 mEq/l.). The patient made an uneventful recovery after
this condition had been corrected by proper fluid and electrolyte
replacement.

In summary, this case illustrates definite reversal of the
rapid onset of the process of acute renal failure, which was
most probably of the type of acute tubular necrosis. In retro-
spect, mannitol should have been given earlier and in larger
doses.

Oliguric Patients with Established Acute Rena Failure
Two patients having acute oliguric renal failure,

with very low urine-urea concentration and iso-osmotic urine
and plasma, are considered. One, an 18-year-old, suffered from
severe heat-stroke, which caused liver failure with deep jaundice
(serum bilirubin 45 mg./l00 ml.) and oliguric renal failure.
The other, a 73-year-old man, suffered from undetected
peritonitis due to perforation of an intestinal diverticulum. In
both cases mannitol had no effect whatsoever on diuresis or on

Gunshot wound. Extensive thoraco-
abdominal operation. Septicaemia

Perforated appendix with peri-appen-
dicular abscess. Operated

Corrective surgery on renal artery for
renovascular hypertension

Radical resection of sigmoid carcinoma
Perforated gall-bladder. Acute myo-

cardial infarction. Shock. Con-
tinuous noradrenaline drip until
death 3 days post-operatively

Severe heat-stroke. Loss of con-
sciousness

Resection oftumour of colon. Shock.
Noradrenaline drip throughout
period of observation

Fracture head of femur. Contracted
blood-volume

Perforated duodenal ulcer with peri-
tonitis. Operated

Fracture head of femur. Pressure
sores. Pyelonephritis

Patients with Low Urine Concentration at Onset of Oliguw
Negligible {

in 8 hours 360 378 143

100/12 hours
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50/24
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1,150/18 ,,

1,750/24

1,150/24

400/24 ,,
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1,150

1,480
2,420

460

1,110

1,500

1,840

508

704

655

577
440

495

605

321

306

500

498

Patients with Normal Urine Concentration at Onset of Oliguria
I 54 Dimethyl sulphate poisoning. Death

in respiratory failure on 6th day 200/12 hours 1,800 641 63 1,000/24 hours 2,600 813
II 73 Gastrectomy. Bronchopneumonia.

Died in dyspnoea 5 days post-
operatively 50124 ,, 1,960 660 62 400/24 ,, 2,680 739

III 35 Perforated uterus after criminal abor-
tion. Peritonitis. Operated 100/12 ,, 1,810 805 86 770/24 ,, 3,200 785

I* 5 Severe haemoglobinuria after open-

heart surgery for atrial septal defect 2/1 hour 1,600 678 23 530/24 ,, 2,300 878

*In this case mannitol was administered within three hoLrs after the end of the operation.
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10 Cases with Low Urine Concentration and Four Cases with Normal Urine Concentration at Onset of Oliguria
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urine concentration. Both patients died subsequently, and the
diagnosis of acute tubular necrosis was confirmed at necropsy.

Oliguric Patients with Good Urine Concentration

Four patients who at the onset of oliguria had a rather
high urine concentration are included in this group (see
Table). Mannitol was given as a prophylactic in the hope of
preventing the onset of genuine acute parenchymatous renal
failure. In all of them adequate diuresis was obtained.
Though the urine osmolality rose in three of them, it tended
to remain in the vicinity of the pre-treatment level. It is
interesting to note, however, that a significant rise in the urine-
urea concentration was obtained in all four.

In these patients the kidneys, as evidenced by good
urinary concentration of urea and urine osmolality, were
normal prior to the administration of mannitol. Since from
the start no signs of genuine parenchymatous renal failure
were present, the rise in the concentration of urea and the
moderate rise in the urine osmolality after mannitol does not
justify the assumption that acute renal failure was reversed.
At best it can be argued that the possible onset of renal
failure was prevented.

Discussion

The observation that mannitol not only promotes urine
output in jeopardized kidneys but also restores concentrating
power seems sufficient proof that the renal circulation and
renal cell function are thereby improved. In normal hydro-
penic subjects urine osmolality decreases after the infusion
of mannitol (Raisz and Scheer, 1959). Therefore mannitol
per se cannot be the direct cause of the increase in the urine
concentration in the cases presented.

Clinically, urine concentration in the oliguric patient is a
good measure of renal function (or of the integrity of the
kidney). Therefore a decrease in the power to concentrate is
indicative of deterioration in renal function. This brings us
to the concept of " incipient acute renal failure," where pre-
viously normal kidneys show a progressively diminishing
ability to concentrate in spite of oliguria, a rise in blood urea,
and/or a rapid catabolic rate. This is most probably a mid-
way stage before the onset of genuine parenchymatous acute
renal failure, and may be thought of as partial renal failure.

In all the 10 cases of "incipient acute renal failure"
presented in the Table there was a definite increase in the
concentrating power very soon after the administration of
mannitol. This rapid improvement seems to be directly
related to the mannitol therapy and not to spontaneous
recovery, especially so since the patients' clinical condition
did not change during the few hours between therapy and
re-examination. In such cases reversal of incipient renal
failure may be claimed.

In contradistinction to this group of incipient acute renal
failure, the two cases with established acute tubular necrosis
did not respond to mannitol at all.
With regard to the four patients with good urine concentra-

tion at the onset of oliguria the position is debatable. Since, by
definition, no parenchymatous renal failure was present from
the start, one cannot claim reversal of renal failure after
mannitol, in spite of some rise in the urine osmolality and
the urinary urea concentration. It can, however, be assumed,
and be supported by the clinical course prior to the adminis-
tration of mannitol, that the development of acute renal failure
was probably prevented. It is, of course, difficult to argue
that in this group diuresis could not have been achieved by
other means, such as intravenous glucose. It is, however,
highly probable that such an adequate diuresis could not

have been obtained. This is supported by the observation
of Bob et al. (1962) that the administration of 5% glucose
in water failed to induce the significant diuresis produced by
equivalent volumes of 10% mannitol in traumatized dogs.
Probably only large-scale double-blind tests, such as the one
planned by Nesbitt et al. (1962), could settle this argument.

It seems, therefore, that mannitol is most beneficial in the
cases where acute progressive deterioration of renal function
is occurring. Clinically, this finding seems to be synonymous
with the reversal of the low urine concentration found in
the presence of oliguria and the induction of adequate
diuresis. In such cases reversal of incipient renal failure may
be claimed to have been achieved by mannitol. As to
the mechanism of reversal, the answer may be found in the
experimental work of Murphy et al. (1963) on dogs. They
have shown a significant increase in diuresis and in renal
blood-flow as measured directly by cannulation of the renal
vessels after intravenous mannitol, in spite of maintained
hypotension.

Summary
The effect of mannitol on acutely failing kidneys was

evaluated, the ability to concentrate the urine being used as
a measure of renal function.

In all 10 patients who at the onset of oliguria had a low
urine concentration prompt diuresis and a rise in urine
osmolality and in urea concentration were obtained.

In two patients with established acute tubular necrosis no
beneficial effects were observed.

In four patients who at the onset of oliguria had normal
urine concentration, but seemed to be in the process of
developing acute renal failure, diuresis was induced and the
urine concentration maintained.

It is concluded that an incipient acute renal lesion may be
reversed by the timely use of mannitol.

I am grateful to Dr. Y. Pauzner, head of the department of chest
surgery ; to his senior assistants, Drs. Y. Kalter and Y. Lieberman -
and to Dr. S. Shibolet for early referral of the cases and for their
co-operation. I am thankful to Mr. Y. Benado for his technical
laboratory help.
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