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Jaundice and Anoxic Renal Damage: Protective Effect of Mannitol
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Surgical operations on deeply jaundiced patients are complicated
by acute renal failure more often than comparable operations
on non-jaundiced patients (Clairmont and Von Haberer, 1911;
Aird, 1953 ; Zollinger and Williams, 1956). Considerable
decreases in renal blood-flow have been shown to occur with
traction on viscera during abdominal operations (de Wardener,
1955) or in shock (Lauson et al., 1944). It is possible that
obstructive jaundice renders the kidney more sensitive to
decreased blood-flow-that is, anoxia.

Experiments were therefore carried out to test this hypothesis.
Using unilaterally nephrectomized rats, the effect of clamping
the remaining renal pedicle for 60 minutes was compared in
jaundiced and non-jaundiced animals. Furthermore, observa-
tions were made on the effect of a mannitol diuresis on such
a clamping in jaundiced rats.

after the clamping a further 15 ml. of 10% mannitol was given
intraperitoneally.

In preliminary studies on unilaterally nephrectomized rats,

using intraperitoneal injections, it was established that 5 ml.

of 10% mannitol initiated a diuresis within four hours, and

15 ml. of 10% mannitol raised the urine output from between

7 and 14 ml. up to 25 to 30 ml.
In all groups only those animals recovering from the pento-

barbitone anaesthesia of the third operation were included in

the final results.
Blood samples (0.7 ml.) were taken from the tail vein imme-

diately before the clamping operation for estimation of blood

urea and bifirubin. On the first, second, third, fifth, and seventh

post-operative days further samples (0.2 ml.) of tail-vein blood
were taken for blood-urea estimation. The animals were killed
on the seventh day.

Methods

Five groups of adult male Wistar rats weighing from 310 to
480 g. were used; a schematic layout of the experiments
performed is shown.
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Scheme of experiments performed.

The right kidney was removed in all animals. A second
operation was carried out two days later. In the control
animals, groups I and II, the common bile-duct was exposed but
not ligated. In groups III, IV, and V the common bile-duct
was ligated and divided to produce obstructive jaundice. For
these operations ether anaesthesia was used.

Seven days later, under intraperitoneal pentobarbitone sodium
anaesthesia, the left renal pedicle was exposed. In groups I
and III a bulldog clamp was laid alongside, but not occluding,
the pedicle for 60 minutes. In groups II and IV the left
renal pedicle was clamped with a bulldog clamp for 60 minutes.

In group V the left renal pedicle was clamped for 60 minutes,
but four hours before this operation an osmotic diuresis was
started using 5 ml. of 10% mannitol intraperitoneally. After
the clamping operation was completed a further 10 ml. of I0%
mannitol was injected intraperitoneally. At 24 and 48 hours
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Results
In both jaundiced and non-jaundiced animals in which the

left renal pedicle was exposed but not clamped (groups I and

III) there was no significant rise in blood urea and no deaths
among the six animals in each group.

In non-jaundiced animals undergoing clamping of the left
renal pedicle for 60 minutes (group II), all 13 animals survived.
The blood urea rose to a peak within 24 to 48 hours and then
fell again. In most animals this peak rise in blood urea was

below 200 mg./100 ml. (see Fig.).
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Maximum level of blood urea recorded after the clamping
experiment on rats of groups II, IV, and V. The deaths in

group IV are indicated by closed circles.

In contrast 9 out of 14 jaundiced animals (group IV) sub-
jected to 60 minutes' clamping of the left renal pedicle died.
The maximum rise in blood urea varied from 195 to 610 mg.

The animals died between the second and fifth day (see Fig.)
The lethal effect of clamping the left renal pedicle in jaundiced

animals was negated by a mannitol diuresis as seen in group V,
in which no animals died out of 13 used (see Fig.), and the
peak blood ureas were mostly below 150 mg.

Conclusion

These experiments support the thesis that jaundice renders
the kidney more sensitive to anoxia. Further, it appears
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that a mannitol diuresis exerts a protective effect
against anoxia. Mannitol has been suggested as a pro-
phylactic measure against the development of post-operative
renal failure in patients at risk-for example, cross-clamping
of the abdominal aorta during grafting (Barry et al., 1961).
Moore (1963) also recommends its use in similar circumstances
and suggests that it might prove of prophylactic value in deeply
jaundiced patients undergoing operation. The results of these
experiments strongly support this recommendation. An
investigation into the effect of mannitol on sequential renal
function studies in jaundiced patients undergoing operation is
at present being made.

This work was carried out in the Surgical Unit, King's College
Hospital Medical School, supported by a grant from the Joint
Research Committee of King's College Hospital and Medical School.
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Fluorescein Studies of Diabetic Retinopathy*
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Novotny and Alvis (1961) first reported the technique of
fluorescence retinal photography, whereby fluorescein is injected
into the circulation and photographed as it passes through the
retinal vessels. Dollery et al. (1962) developed the method
of using a venous catheter to inject the fluorescein into the
superior vena cava rather than a peripheral vein, and in this way
they obtained a sharper appearance of the dye.

This retinal angiography enables clinicians to delineate in
their diabetic patients the abnormalities in the small retinal
vessels which Ashton (1950, 1953) has clearly demonstrated at
post-mortem examination by vessel injection studies, and which
Cogan et al. (1961) have shown after other elements of the
retina have been digested away by trypsin (Kuwabara and
Cogan, 1960).

This paper deals with the results of studying the retinae of
41 diabetic patients, using fluorescence retinal photography.
All the patients had recognizable retinopathy, and clear media
was the only selection criterion used.

Method
Photographic Technique

A full description of the method is to be found in previous
reports (Dollery et al., 1962, 1963) and the arrangement is seen
in Fig. 1 (Special Plate). The patient is seated at the retinal
camera. Preliminary colour photographs are taken of three
areas selected for special study. Then the 50-cm.-long poly-
thene catheter is introduced through a needle into the median
antecubital vein, and when inserted to its full length the tip
is lodged in the upper part of the superior vena cava. A
preliminary injection of saccharin determines the catheter-to-
tongue time, which is a guide to the arrival in the retina of
subsequent injections of fluorescein.
The camera-back with the colour film is replaced by one

loaded with high-speed black-and-white film and equipped with
a green filter. The observer focuses on the selected area of
the retina with the white viewing light before sliding a blue
filter into the common pathway of the viewing light and
electronic flash light. He watches the retina with this blue
light while his assistant injects 5 ml. of 5 % fluorescein into

the catheter and begins counting. After 8 to 20 seconds the
green fluorescence of the dye appears in the retina, moving
swiftly along the arteries. A rapid series of five or six photo-
graphs at 2k-second intervals records the passage of the dye
through the arteries, capillaries, and the veins in the area of
the retina in focus. Two further injections of fluorescein can
be made at the one session to study other areas of the retinae.
The fluorescence photograph is projected on to a white

card and a drawing made. Projection of the colour slide of
the same quadrant on to this drawing enables a correlation
of the visible lesions with those revealed by fluorescence
photography.

Precautions

In more than 300 fluorescein studies of hypertensive and
diabetic patients we have encountered only one untoward
reaction, probably due to hypersensitivity.
The patient was a 61-year-old woman with diabetes controlled

by diet and tolbutamide. Four minutes after receiving her first
5-ml. injection of fluorescein she developed a temporary loss of
consciousness, lasting about two minutes and associated with hypo-
tension and bronchospasm. She recovered after an intravenous
injection of 100 mg. of hydrocortisone and 250 mg. of amino-
phylline. Occasional attacks of bronchitis with asthma had troubled
her in the past, but there was no definite history of allergy, nor had
she ever been given fluorescein. No cutaneous sensitivity was
subsequently demonstrated. Other patients had received the same
batch of fluorescein without incident, and on culture it was sterile.

In the use of fluorescein for assessing arterial insufficiency
in limbs and viability of strangulated intestine, no such toxic
reactions have been reported (Goodman and Gilman, 1955).
Now, however, we deem it a wise precaution in all patients
to give an intravenous test dose of 0.5 ml. of the 5 % solution

* From the Postgraduate Medical School of London. This paper was
read in part at Joint Conference of British Diabetic Association and
Irish Ophthalmological Society, April 1963.

t In receipt of grants from the British Diabetic Association.
t In receipt of a grant from the Medical Research Council.
S In receipt of grants from the Nuffield Foundation and from the Medi-

cal Research Council of New Zealand.
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