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Evaluation of two intravenous rehydration solutions
in cholera and non-cholera diarrhoea
M. MUJIBUR RAHAMAN,1 M. A. MAJID,2 & K. A. MONSUR3

A clinical trial was carried out with 126 male patients over 2 years ofage sufferingfrom
diarrhoea requiring intravenous rehydration, 80 of the patients sufferingfrom cholera and
46 from non-cholera diarrhoea. A new "diarrhoea treatment solution " (DTS) containing
sodium at a concentration of 118 mmol/litre and glucose at 44 mmol/litre was compared
with the usual Dacca intravenous solution (DS) which has a sodium concentration of 133
mmol/litre and contains no glucose. The other constituents and their concentrations were
the same in both solutions. All the patients responded well clinically and made an
uneventful recovery. Oral water intake measured during the first 24 h was higher in the
group receiving the DS. This group also excreted a significantly higher quantity ofsodium
in the urine. A significant fall in the level of blood glucose from the admission values
occurred in both the groups; the fall was relatively less in the DTS group, this solution
containing 44 mmol of glucose per litre. Further work is required to find the optimum
concentration of glucose in the solution for infants and young children.

Quantitative replacement of water and electro-
lytes is the principal rationale behind the formu-
lations of various intravenous solutions used in the
management of cholera and other acute diarrhoeas.
Ringer's lactate (1, 2), the saline-lactate (2: 1)
regimen (3), and Dacca intravenous solution (4)
are examples of such fluids used in the rehydration
of patients with either cholera or non-cholera
diarrhoea. Dacca intravenous solution (DS), de-
veloped following studies on adult cholera patients,
has been used in many thousands of cholera and
diarrhoea patients in Bangladesh. It contains:
sodium 133 mmol/litre; potassium 13 mmol/litre;
bicarbonate 48 mmol/litre (derived from acetate);
and chloride 98 mmol/litre (4, 5).

In child cholera patients, however, the concen-
tration of sodium in the stool (i.e. the amount
excreted) is considerably lower than in adult cholera
patients (5, 6) and in non-cholera diarrhoea in
children it is lower still.
A new intravenous fluid called the "diarrhoea

treatment solution" (DTS) with a sodium content
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considerably lower (118 mmol/litre) than that of the
other solutions has been prepared, and this paper
reports a clinical trial in children, adolescents, and
young adults comparing the effectiveness of DTS
with DS in the treatment of dehydration caused by
cholera and severe non-cholera diarrhoea. The other
constituents of DTS were in concentrations similar
to those of DS except that 44 mmol/litre of glucose
was added to prevent hypoglycaemia.

MATERIALS AND METHODS

Test solution for rehydration

The Dacca intravenous solution was manufac-
tured at the Cholera Research Laboratory, the
chemical ingredients being mixed with freshly dis-
tilled water and autoclaved at 121 °C, 103 kPa
pressure for 20 min. The Dacca treatment solution
was manufactured in the same manner at the
Intravenous Fluid Plant of the Institute of Public
Health, and packed in disposable plastic containers.

Selection of patients

Children, adolescents, and young adults who were
admitted to the Cholera Research Laboratory hospi-
tal with a history of watery diarrhoea and dehy-
dration requiring intravenous rehydration were in-
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cluded in the study. Children below 2 years of age
and patients with fever, convulsions, pneumonia, or
severe malnutrition were excluded. To facilitate
separate collection of stool and urine, only male
patients were selected.
The purpose of the study was explained to the

patients or their guardians and their consent was
obtained. On admission each patient was weighed,
temperature, pulse, respiration, and blood pressure
were recorded and venous blood was drawn for the
following analyses: haematocrit, glucose, serum
specific gravity, and serum electrolytes (sodium,
potassium, bicarbonate, and chloride).

All patients were treated with the same basic
regimen but DS and DTS were used for alternate
patients. If the patient was severely dehydrated, an

amount of fluid equivalent to approximately 10% of
his body weight was given intravenously over a

period of 4 h. No food was allowed during the first
24 h. Distilled water was kept at the bedside for
drinking ad libitum. Vital signs were recorded at
8-hour intervals and biochemical studies of blood
were repeated at 4, 24, 48, and 72 h. Samples of
stool were collected whenever possible at 0, 4, 24,
48, and 72 h by rectal catheter for the estimation of
sodium, potassium, and bicarbonate.

Rectal swab samples for bacteriological diagnosis
of Vibrio cholerae, Shigella, and Salmonella were
collected on admission and after 24 h and plated on
thiosulfate citrate bile-salt agar and on gelatine
taurcholate-tellurite medium (7) as well as on

MacConkey's bile-salt agar and salmonella-shigella
agar.

No antibiotic was given to the patients in the trial
for the first 72 h. If diarrhoea lasted beyond this

period, or if the patient was positive for Vibrio
cholerae or Shigella, tetracycline (20 mg per kg per
24 h) or ampicillin (75 mg per kg per 24 h), respect-
ively, was prescribed for the next 5 days.
Sodium and potassium levels were measured by

flame photometry, bicarbonate in the Van-Slyke
manometric apparatus, and chlorides by automatic
titration. Serum specific gravity was estimated by a

refractometer (8). Glucose was estimated by the
arseno-molybdate method (9).

RESULTS

A total of 154 patients were selected initially but
28 were excluded subsequently as they did not
exhibit diarrhoea after admission. The results were
thus based on 126 patients, of whom 80 were
V. cholerae positive and 46 had non-cholera diar-
rhoea, including 4 positive for Shigellaflexneri and 1
for Salmonella group C.
None of the patients selected for the study de-

veloped complications and all made a full recovery.
Since electrolyte imbalance and hypoglycaemia were
known to occur more frequently in children below 6
years of age, their results are presented separately.
Young adults and older children had similar electro-
lyte values and have been analysed as a single group.
The age and weight on admission and discharge

and the number of patients studied in the various
groups are shown in Table 1.

Response to treatment

The mean plasma specific gravity on admission for
the cholera patients (all ages) was 1.036
(SD±0.004), 1.032 (SD±0.0001) and those for

Table 1. Comparative trial of Dacca intravenous (DS) and diarrhoea treatment solutions (DTS)-characteristics of
patients

Cholera Non-cholera diarrhoea

Characteristic 2-5 years 2 6 years 2-5 years > 6 years

DS DTS DS DTS DS DTS DS DTS

Number of patients 20 13 21 26 4 7 16 19

Age (years) Mean 4.2 4.4 11.1 10.5 2.0 3.5 16.3 18.2
SD 1.2 0.7 4.6 6.0 1.7 1.4 7.8 9.7

Weight on admission (kg) Mean 10.4 10.4 22.0 18.8 8.4 9.9 27.1 28.9
SD 2.6 2.2 10.8 9.1 1.7 1.6 11.1 10.7

Weight on discharge (kg) Mean 11.3 11.4 23.2 20.1 9.0 10.5 28.2 29.8
SD 2.9 1.9 10.7 9.6 2.0 1.8 11.2 10.6

Duration of diarrhoea Mean 15.6 12.5 10.3 11.6 10.1 9.0 12.0 10.0
before admission hours SD 6.8 7.0 6.4 6.6 3.4 5.9 12.1 5.2

No pulse No. 10 8 10 16 0 1 7 9
on admission % 50 61 48 62 0 14 44 47
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Table 2. Effects of intravenous DS and DTS on serum sodium levels (in mmol/l) in cholera and non-cholera
diarrhoea patients (all values corrected for serum water content)

Cholera Non-cholera diarrhoea

(hours) 2-5 years > 6 years 2-5 years 2 6 years

DS DTS DS DTS DS DTS DS DTS

0 No. 20 13 21 26 4 6 24 27
Mean 147.3 144.4 147.6 148.7 153.5 146.8 148.8 149.4
SD 3.9 5.5 3.9 4.5 2.6 6.1 3.5 3.9

4 No. 20 13 21 26 4 6 24 27
Mean 143.5 143.1 145.5 146.0 147.5 143.8 147.2 145
SD 2.8 4.5 3.3 2.6 3.2 3.9 2.5 3.3

24 No. 20 13 21 26 4 6 24 27
Mean 143.2 144.3 145.8 145.6 146.3 144.8 147.3 147.4
SD 3.0 3.5 2.0 2.8 2.5 3.2 2.8 2.8

48 No. 20 13 21 26 4 6 24 27
Mean 144.9 143.8 145.7 145.0 145.8 145.3 147.9 148.1
SD 3.5 3.6 2.6 3.1 2.9 2.9 2.1 3.1

patients with non-cholera diarrhoea were 1.032
(SD±0.0001) for those aged 2-5 years and 1.034
(SD<0.0001) for those over 6 years of age. These
levels were reduced to 1.026 and 1.025, respect-
ively, in cholera and non-cholera diarrhoea patients
after 4 h of intravenous therapy and remained
essentially unchanged throughout the rest of the
study period. There was no difference in the rate of
correction of dehydration in the patients receiving
the DS or DTS.
Serum sodium levels were corrected for the level

of serum water content and are shown in Table 2. It
is clear that there was no difference in the levels of
sodium between the DS and DTS groups. Three
cases of serum sodium below 130 mmol/litre were

detected in cholera patients in the DTS group and
intravenous normal saline was given. There were

two similar cases in the DS group, but in these
individuals the sodium levels returned to normal
without recourse to normal saline. No hypona-

traemic cases were detected in the non-cholera
group. None of the patients in any group developed
hypernatraemia during intravenous therapy.

Intake of water by mouth

Table 3 shows the mean intake of water by mouth
at 4 and 24 h in all groups. During the first 4 h of
rehydration, the intake of water was higher in,the
DS group compared with the DTS group, except for
children aged 2-5 years with non-cholera diarrhoea.

Excretion of sodium in urine

Cholera patients receiving DS excreted a signifi-
cantly higher amount of sodium (P<0.01) compared
with those receiving DTS (Table 4). The differences
observed between DS and DTS in the non-cholera
groups were not statistically significant. Patients with
hyponatraemia passed urine with very low sodium
concentrations.

Table 3. Effects of intravenous DS and DTS on oral intake of water (ml per kg per h) in cholera and non-cholera
diarrhoea patients

Cholera Non-cholera diarrhoea

(hours) 2-5 years > 6 years 2-5 years > 6 years

DS DTS DS DTS DS DTS DS DTS

4 No. 20 (9)a 11 (8) 20(13) 24(16) 4 6 16 19 (9)
Mean 1.4 1.0 1.1 0.5 1.4 1.5 1.5 0.6
SD 1.5 1.4 2.8 1.2 1.2 1.7 1.9 0.9

24 No. 20 1 1 20 24 4 6 16 19
Mean 3.6 3.5 3.2 2.6 2.9 2.5 1.5 1.3
SD 1.4 1.5 1.6 1.6 1.0 1.1 1.1 1.3

a Number of patients who did not drink water shown in parenthesis.
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Table 4. Excretion of sodium (mmol) in the urine of patients receiving DS and DTS during the first 24 hours

Cholera Non-cholera diarrhoea

2-5 years 2 6 years 2-5 years > 6 years

DS DTS DS DTS DS DTS DS DTS

No. 7 4 20 24 2 5 16 17

Mean 10.4 2.6 61.2 20.6 22.5 13.2 83.4 56.9

SD 8.8 1.5 51.3 26.3 20.5 8.2 52.0 42.1

Blood sugar

Hypoglycaemia is known to be a complication of
cholera and non-cholera diarrhoea in children (10).
Table 5 shows the blood glucose values obtained in
the patients under study. A sharp fall in the level of
blood glucose (P<0.01) was observed after initial
rehydration in both the cholera and non-cholera
groups. Two patients in the 2-5-years age group

were found to have a blood glucose level of less than
2.2 mmol/litre when infused with the dextrose-free
DS, but no clinical signs of hypoglycaemia were
seen. No patients receiving DTS showed a-blood
glucose level of 2.2 mmol/litre or less. At 4 h, in the
2-5-years old cholera patients, the mean glucose
values were higher in those receiving DTS than in
the DS group.

DISCUSSION

This study showed that there was no significant
difference in the clinical response or in the levels
of serum sodium in the groups receiving DS contain-

ing 133 mmol/litre sodium and DTS containing
118 mmol/litre.

Since patients may delay coming to a treatment
centre and thus be severely dehydrated on arrival,
the rehydration solution should be able to make
good the initial deficit. During the maintenance
phase, however, the requirement of sodium is usually
less as the patient has to replace only the sodium lost
in the stool. Provided the kidneys are functioning,
they should be able to either conserve or excrete
sodium.
Gutman et al. (8) carried out a double-blind

rehydration trial in children suffering from cholera,
comparing lactated Ringer's solution containing
130 mmol of sodium per litre with a solution
containing only 90 mmol of sodium per litre. They
reported a severe fall in the serum sodium within the
first 5 h after admission in the children on the low
sodium solution.
The rather dramatic fall in blood glucose after

hydration has not to our knowledge been previously
documented in a study of this kind. Hirschhorn et al.

Table 5. Effects of intravenous DS and DTS on blood glucose (g/litre) in cholera and non-cholera diarrhoea
patients

Cholera Non-cholera diarrhoea

(houra) 2-5 years > 6 years 2-5 years 2 6 years
DS DTS DS DTS DS DTS DS DTS

0 No. 20 13 21 25 4 6 16 18
Mean 1.207 1.251 1.177 1.254 0.770 1.010 0.986 1.030
SD 0.675 0.674 0.300 0.688 0.186 0.243 0.298 0.265

4 No. 20 13 21 26 4 6 16 19
Mean 0.492 0.605 0.641 0.663 0.635 0.685 0.659 0.623
SD 0.128 0.179 0.131 0.174 0.084 0.120 0.119 0.156

24 No. 20 13 21 25 4 6 16 19
Mean 0.688 0.778 0.680 0.725 0.650 0.707 0.564 0.540
SD 0.116 0.407 0.183 0.241 0.087 0.156 0.174 0.121

48 No. 19 12 21 25 4 4 13 12
Mean 0.718 0.651 0.719 0.756 0.566 0.693 0.722 0.682
SD 0.254 0.246 0.211 0.294 0.086 0.036 0.182 0.140

72 No. 18 10 16 22 3 5
Mean 0.648 0.694 0.692 0.647 0.693 0.686
SD 0.278 0.233 0.181 0.192 0.082 0.118
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(10) noted that a small number of children with
cholera occasionally have profound hypoglycaemia.
To prevent this they recommended incorporation of
lOg/litre dextrose with the intravenous solution. Our
study showed that the fall in level of glucose was not
limited to small children. It was also noted that 44
mmol/litre (0.8%) of dextrose was inadequate to
prevent the sharp reduction of serum glucose. To
counteract this hypoglycaemia glucose should be

incorporated in the intravenous solution at a con-
centration of more than 44 mmol/litre. In conclu-
sion, both DS and DTS were found suitable for a
wide range of diarrhoeal patients including those
with cholera. In patients with compromised renal
function, use of the DS may potentially produce salt
intoxication in the absence of oral intake of drinking
water.
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RESUME~

EVALUATION DE DEUX SOLUTIONS INTRAVEINEUSES DE REHYDRATATION
DANS DES CAS DE DIARRHEES CHOLERIQUES ET NON CHOLERIQUES

Un essai clinique a 6te effectue pour comparer l'effica-
cite de la 4solution pour le traitement de la diarrh6ee
(STD) et de la solution de Dacca (SD) intraveineuses pour
la correction de la deshydratation et le maintien de
l'hydratation chez 80 malades choleriques et 46 malades
non choleriques souffrant de diarrhee. La SD avait une
concentration de sodium de 133 mmol/litre et ne contenait
pas de glucose tandis que la STD contenait 118 mmol/litre
de sodium et 44 mmol/litre de glucose. Les deux solutions
contenaient en outre 13 mmol/litre de potassium et
48 mmol/litre de bicarbonate (derive de l'ac6tate de
soude).
Un regime standard a et6 applique a tous les malades qui

ont gu6ri sans incidents. On n'a constate entre les deux
types de traitement aucune difference ni dans le taux de
correction de la deshydratation ni dans les taux de sodium
serique. Les malades qui ont consomm6 de l'eau distillee au

cours des 24 premieres heures etaient plus nombreux dans
le groupe traite a la SD que dans le groupe traite a la STD.
L'excretion de sodium dans l'urine etait nettement plus
elevee dans le groupe SD. Par rapport aux valeurs relevees
au moment de l'admission, on a note, tant dans le groupe
SD que dans le groupe STD, une baisse importante de la
glycemie au cours de la rehydratation. I1 conviendrait donc
de compenser cette r6duction par l'adjonction aux solu-
tions intraveineuses d'une quantite de glucose superieure a
celle qui etait contenue dans la solution STD. On a conclu
de cette etude que la SD et la STD etaient egalement
satisfaisantes pour le traitement de nombreux malades
souffrant de diarrhees, choleriques et non choleriques, mais
des travaux complementaires sont requis pour determiner
la concentration optimale de glucose dans la solution
destinee aux nourrissons et aux jeunes enfants.
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