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Gangrene of the extremities complicating diarrhoea and severe hypernatraemic
dehydration occurred in 6 infants. This is a rare complication of gastroenteritis,
and its association with hypernatraemia does not seem to have previously been em-
phasized. The increased blood viscosity resulting from serum hyperosmolarity may
have been responsible for the gangrene, and studies in our patients suggested that
disseminated intravascular coagulation was present. In addition to fluid and elec-
trolyte replacement, the infants were treated with heparin with some recovery of the
affected extremities.

Sporadic case reports of peripheral gangrene
associated with diarrhoea and dehydration in
neonates and infants have appeared in recent years
(Manios, Kanakoudi, and Miliaras-Vlachakis, 1972;
Shehadi, Slim, and Dabbous, 1968; Smith et al.,
1965; Nabseth and Jones, 1963; Bowie, McKenzie,
and Hansen, 1958). Several causative factors for
this complication have been suggested. They
include Esch. coli endotoxin triggering disseminated
intravascular coagulation (DIC) (Manios et al.,
1972), femoral venepuncture (Nabseth and Jones,
1963), other needle trauma, purpura fulminans,
thrombotic thrombocytopenic purpura, or an
increase in blood viscosity due to dehydration
(Shehadi et al., 1968). When recorded, the serum
sodium concentration in these infants has invariably
been in the hypernatraemic range (> 160 mEq/l),
though the association between gangrene and
hypernatraemia does not appear to have been noted
before.

Six infants with peripheral gangrene and dehydra-
tion are described here. All the infants had raised
serum sodium concentration and studies suggested
the additional presence of DIC.

Patients
During the period 1970-73, 36 000 dehydrated

children were admitted to this hospital for parenteral
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fluid replacement. Gangrene of the extremities was
present in 8 of these children.

Clinical features.
Case 1. A 5-month-old male had a 2-day history of

diarrhoea and cough. He weighed 6 kg, and was 5%
dehydrated. His left foot was deeply cyanosed and
cold, as was the distal portion of the right foot.
Peripheral pulses below the femoral arteries were impal-
pable. He developed persistent convulsions the follow-
ing day. The right foot recovered completely overnight
but the left remained gangrenous and he eventually
required amputation through the subtalar joint.

Case 2. A 9-month-old male had a 3-day history of
diarrhoea and vomiting. He was 10% dehydrated
and weighed 4- 8 kg. He had cyanosis of all the finger-
tips of the left hand and of the right middle and ring
fingers (Fig. 1). All peripheral pulses were palpable.
The right hand recovered fully after 3 weeks but 2 of the
affected fingertips on the left side later underwent
autoamputation.

Case 3. A one-year-old male weighing 9 7 kg had
diarrhoea for 3 days. He was severely dehydrated,
irritable, hypertonic, and had cyanosis of the left ring
finger and of all his toes. The following day the colour
of his feet had improved, bullae formed on the finger
and 2 toes, but subsequently only the fingertip became
gangrenous.

Case 4. An 11-week-old female weighing 3*12 kg
had been vomiting and passing loose stools for 3 days.
She was 10% dehydrated, jittery, and had cyanosis of
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Peripheral gangrene in hypernatraemic dehydration of infancy

FIG. I.-Case 2. (a) Gangrene of the fingertips of both
hands involving (b) allfingers on the left.

both feet (Fig. 2). The left foot recovered completely
overnight but the toes of the right foot became gan-
grenous.

Case 5. An 8-month-old female had a 4-day history
of diarrhoea; she weighed 5-20 kg, was severely de-
hydrated, and had cyanosis of both feet. Pedal pulses
were impalpable. By the following day only the left
foot was cyanosed (Fig. 3) but she had developed
persistent convulsions. A bulla formed on the dorsum
of the left foot. This sloughed later to reveal under-
lying normal skin and foot.

Case 6. A 5-month-old female weighing 7 kg was
severely dehydrated following gastroenteritis. After
rehydration she developed convulsions, and dark blue

FIG. 2.-Case 4. Cyanosis of the feet.

FIG. 3.-Case 5. Cyanosis of the left foot.

discoloration of all the toes on both feet was noted.
The tips of 2 toes remained gangrenous.

Treatment. The infants were rehydrated intra-
venously with half-strength Darrow's solution in
2.5% dextrose water, and sodium bicarbonate was
added to correct the acidosis. All except one (Case 4)
received intravenous heparin 100 units/kg body weight
6 hourly. A low molecular weight dextran solution
was given to one infant (Case 1). All received anti-
biotics.

Results (Table)
All the infants were hypernatraemic and had

severe metabolic acidosis. The serum albumin
concentration ranged from 1 *8 to 3 g/100 ml.
Some of the infants were anaemic, the blood smear
in 2 showing fragmented and burr cells. Reticulo-
cyte counts when done were normal. A coagula-
tion profile revealed abnormalities in all the infants,
though complete laboratory data were not obtained
in all cases. Haematological investigations were
done by standard methods (Dacie and Lewis, 1968).
Bacterial cultures of stool and blood were all
negative.
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Comay and Karabus
TABLE

Laboratory data of 6 infants with gangrene following dehydration

Serum Haemo-
Case no. Day sodium globin Platelets Prothrombin PTT Fibrinogen FDP

(mEq/l) (g/dl) (/mm3) index (%) (s) (mg/100 ml) (tLg/ml)

1 1 159 10 1 62 000 38* 82* 103 > 10 <40
3 48 000 62 48 137 > 10 <40
9 290 000 98 37 230 > 10 <40

2 1 185 10-7 61000 75 51 119
4 63 000 100 72 148
6 150 000 100 32 415

3 1 166 14-0 150 000 80 47 212
2 34 000 72 110 124
10 220 000 83 32 403

4 2 150 8-9 8 000 47 - >40
3 86 000 80 30 > 40

5 3 181 7-5 17 000 74 42
5 86 000 95 90

6 1 176 7-6 105 000 38 280 < 100
2 89 000 55 127 394

Normal
values 136-143 10-13 s 35-45 165-390 <10

PTT, partial thromboplastin time.
FDP, fibrin degradation products (Thrombo-Wellcotest, Burroughs Wellcome).
*Factor assays: V 38%, VIII 170%.

Other cases. 2 other infants with dehydration
and gangrene were seen. One had a serum sodium
of 170 mEq/l, but coagulation studies were not done.
The other, a 5-week-old baby, had in addition
gangrene of the buttocks, and died of massive
pulmonary haemorrhage. Serum sodium 24 hours
after admission and after rehydration, was 124
mEq/l, platelet count 35 000/mm3, and prothrom-
bin index 71%.

Discussion
Peripheral gangrene is a rare complication of

severe dehydration, occurring in only 8 (0 02%)
of 36 000 children admitted to this hospital for
parenteral fluid replacement. The association of
gangrene and hypernatraemia appears to be a
significant one as 7 of the 8 patients had hyperna-
traemic dehydration. Only 6% of patients with
dehydrating gastroenteritis seen at this hospital had
hypematraemia (Beatty et al., 1974). This lends
additional weight to the suggestion that the raised
serum sodium concentration may have played a role
in the production of gangrene in our cases.
Serum hypertonicity is known to increase blood

viscosity (Meiselman et al., 1967; Rasmussen, 1972;
Ham et al., 1968). Due to osmotic differences
water passes from the red cells into the plasma,
resulting in shrinkage and increased rigidity of
erythrocytes (Rasmussen, 1972). In addition,
acidosis (Rand et al., 1968) and hypoxia (La Celle
and Weed, 1971) also reduce red cell deformability.
As considerable erythrocyte deformation is required

for blood flow through capillaries (Wells, 1970)
these changes lead to an extremely high blood
viscosity in the microcirculation (Ditenfass, 1968).
Capillary stasis results in further localized hypoxia
and acidosis rendering the blood hypercoagulable
and causing endothelial injury with activation of
factor XII and DIC (Hardaway, 1966). Alterna-
tively, a damaged endothelial surface may predispose
to platelet consumption only (Harker and Slichter,
1972). Our patients all had thrombocytopenia
together with changes suggesting DIC. The
following scheme for initiation of DIC is proposed.

HYPERNATRAEMIA

RIGID ERYTHROCYTES

HYPERVISCOSITY
_--

DEHYDRATION

POOR PERFUSION

CAPILLARY STASIS AND DAMAGE

PLATELET CONSUMPTION ± DIC

Serum albumin concentration in all these infants
was below normal. Coexisting malnutrition may
also have played a role in the production of gangrene
and is supported by the finding of increased platelet
adhesiveness in kwashiorkor (Khalil et al., 1974) and
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Peripheral gangrene in hypernatraemic dehydration of infancy 619
the fact that blood is hypercoagulable in fasted
animals (Antoniades et al., 1973).

Signs referable to the central nervous system are
frequently observed in hypernatraemic dehydration
(Finberg, 1969), and these occurred in our patients.
Cerebral haemorrhage may result from brain
shrinkage, cerebral oedema may follow rapid
rehydration (Finberg, 1969), and cerebral throm-
boses are occasionally found (Bowie et al., 1958).
But even without these derangements, features of
cerebral dysfunction are found. We propose that
stasis of blood flow may occur in the cerebral
microcirculation in hypernatraemia causing anoxia
and cerebral dysfunction, as has been reported in
newborn babies with increased blood viscosity due
to polycythaemia (Gross, Hathaway, and Mc-
Gaughey, 1973; Mackintosh and Walker, 1973).
Therapy of disseminated intravascular coagula-

tion should be directed primarily towards eliminat-
ing the cause (Abilgaard, 1969). In gangrene
following dehydration this implies replacement of
the fluid and electrolyte deficit, and correction of
acidosis and hypoxia. In view of the rapid recovery
of the cyanosed extremities, clearing within hours
in some cases, this therapy alone may be sufficient.
Heparin was used as an anticoagulant in 5 of our
infants and has been recommended in the presence
ofDIC when loss of one or more toes or other parts
of the body is threatened by gangrene (Manios
et al., 1972), but it was of doubtful value in the
present series. Protection of the affected parts,
strict asepsis and antiseptic cleansing, and cooling
to decrease the metabolic demand of those tissues
are suggested (Smith et al., 1965). Amputation
may be necessary because of infection or impending
autoamputation. Drugs interfering with platelet
function (dipyridamole, acetylsalicyclic acid), or
activators of fibrinolysis (streptokinase, urokinase)
may be valuable but do not appear to have been
used in this condition.

Reversal of impending gangrene occurred to some
extent in all our patients, but in 4 of the infants
loss of the distal portion of digits occurred and one
patient required subtalar amputation of a foot.
Further investigation is needed to elucidate the
exact cause of gangrene in these cases as well as
the role of hyperviscosity and disseminated intra-
vascular coagulation in hypernatraemic dehydration.
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