
Introduction
Oral glucose electrolyte solution containing 90
mmol/l of sodium and 111 mmol/l of glucose (total
osmolarity, 311 mmol/l) has been recommended for
all cases (children, adult) of moderate dehydration
by the World Health Organization (WHO) and the
United Nations International Children’s Emergency
Fund (UNICEF) for the past 25 years,1 although the
content was designed originally for cholera cases.
Since the implementation of ORS use, there has
been a dramatic decrease in dehydration-related
mortality in many developing countries2 but ORS
use is still not at the desired level worldwide.3 The
concerns about standard WHO ORS use may be
related to the risk of hypernatremia or an osmoti-
cally driven increase in stool output, especially in
infants and young children.4,5 Therefore for the past
20 years there were many ongoing studies to develop
an improved ORS.

Although the effectiveness of reduced osmolarity
ORS has been demonstrated in both well-nourished
and malnourished children with or without cholera,6,10

there is still concern about the risk of an increased
incidence of hyponatremia especially in cholera
cases.11–13 One of the suggestions was to produce two
types of ORS, but this may cause confusion among
healthcare workers and mothers.11,14,15

Recently a group of experts at WHO has
concluded that the policy of a single solution be
maintained and that this ORS solution contain 75
mEq/l of sodium and 75 mmol/l of glucose and have
a total osmolarity of 245 mOsm/l.16 However, in
many parts of the world, the only available ORS is
the hyperosmolar standard WHO ORS. 

One of the earliest studies about the effectiveness
of the hypotonic ORS was performed by diluting
standard ORS packages in 1.5 l of water, which was
shown to be effective.5 In their study, El-Mougi, et
al.5 recommended increased amounts of plain water
until a new formulation for ORS comes up. As we
have also observed many cases with high purging
rate during standard WHO ORS treatment,17 we
changed our treatment policy to use standard WHO
ORS alternatively with plain water in a ratio of two
parts of WHO ORS and one part plain water.
Although increased amounts of plain water has been
recommended ad libitum during rehydration treat-
ment, we could not encounter any study demon-
strating its effectiveness objectively. In this study the
results of the two treatment regimens are compared. 
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Materials and Methods
This study compared the results of the two different
treatment regimens between October 1998 and April
2001 at Hacettepe University Ihsan Doğramacı
Children’s Hospital Diarrheal Disease Training and
Treatment Unit, where more than 3000 cases are
admitted annually and the dehydration of children
has been evaluated and treated according to WHO
criteria for more than 10 years.18 We started giving
standard WHO ORS in a 2 : 1 ratio (two parts ORS
and one part plain water) at 100 ml/kg dose to
moderately dehydrated children under 2 years of age
in March 2000. In this study moderately dehydrated
children under 2 years of age admitted between
October 1998 and March 2000 were given standard
ORS at 100 ml/g, and those admitted between March
2000 and April 2001 were treated with a 2 : 1 ratio
ORS again at a 100 ml/kg dose. Children who were
breastfed continued breastfeeding during rehydra-
tion treatment. Blood samples were collected from
all cases that were considered to be moderately
dehydrated for the determination of blood pH and
bicarbonate level, as well as electrolytes, on admis-
sion. After treatment, blood samples were collected
only from children who had a blood pH or elec-
trolyte imbalance on admission. 

The children given the two different regimens
were compared for frequency of vomiting, stool
purging rate, and unscheduled intravenous treat-
ment rate. Intravenous treatment after ORS was
given to patients during either regimen according to
the following criteria: persistence of clinical signs for
more than 12 h after oral rehydration has been
initiated, failure to maintain positive fluid balance
with oral fluids because of persistent vomiting (more
than 3/h), or a high stool purging rate (more than
1/h).9

Statistical analysis was performed by SPSS version
9.0. Parametric values were compared by Student’s
t-test and non-parametric values by the chi-squared
test. 

Results
During the first period of the study when the patients
were treated with standard ORS there were 51
patients. For the second period when the patients
were treated with a 2 : 1 ratio ORS regimen there
was 79 cases. The demographic characteristics are
displayed in Table 1. The mean age, sex, weight, and
duration of diarrhea were similar in both regimens.

The clinical and laboratory findings of the
regimens during and at the end of the treatment are
shown in Table 2. The mean serum sodium, chloride,
potassium, blood pH, and bicarbonate levels on
admission and after treatment were similar in both
regimens.

The frequency of vomiting and stool purging rate

were also similar on admission and during treatment
for both regimen. Although on admission there was
no children in either group with a stool purging rate
over 1/h, 15 children (29.4%) in standard treatment
regimen and 12 children (15.2%) in the 2 : 1 ORS
treatment regimen had high purging rate (> 1/h) (p =
0.051) during treatment. On admission the ratio of
children with vomiting were similar in both groups
(15/51, 29.4 per cent; 28/79, 35.4 per cent; p = 0.8).
However, during treatment, children with vomiting
were higher in the standard ORS group (22/51
children, 56 per cent) compared with the 2 : 1 ORS
group (20/79 children, 30 per cent) (p = 0.007). 

The mean weight gain, total amount of fluid
received, and rehydration time were similar in both
regimens. Total ORS intake was less and the total
water intake was more in the 2 : 1 ORS regimen than
the standard ORS regimen (Table 2).

The number of children who required unsched-
uled intravenous treatment was also higher in the
standard ORS regimen (10/51, 20 per cent; 11/79, 14
per cent; p = 0.2), although the difference was not
statistically significant. 

Discussion
In this study standard ORS treatment was compared
with two parts WHO ORS and one part plain water
treatment given alternately. The number of cases
with high purging rate, vomiting, and unscheduled
intravenous treatment was less in the 2 : 1 ORS
regimen. 

Although very effective in the treatment of dehy-
dration, the current WHO ORS may cause hyper-
natremia and increase purging rate, and there is
therefore still concern about the optimal content of
ORS.19 Studies in animal models and human volun-
teers have shown that the osmolarity of ORS is a
critical factor influencing absorption of water and
electrolytes from the small intestine.20,21 Hypotonic
solutions with an osmolarity of 200–250 mmol/l
perform better than hypertonic or isotonic
solutions. It has been demonstrated that a sodium
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TABLE 1
Demographic characteristics of children according to

treatment regimens

Standard ORS 2 : 1 ORS
(n = 51) (n = 79)

Male/female 35/16 45/34
Age (months) 10.6 ± 5.7 12.7 ± 6.8
Weight (kg) 9.24 ± 6.3 9.06 ± 1.98
Duration of diarrhea on 3.83 ± 4.6 3.52 ± 2.6

admission (days)

p > 0.05 for all comparisons.
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concentration around 60 mmol/l and a glucose
concentration between 50 and 100 mmol/l are
optimal for water absorption.21

After several studies with reduced osmolarity ORS,
three final papers that have come to a conclusion have
been published.11–13 One study13 including children
with acute diarrhea, concluded that reduced osmolar-
ity ORS (75 mmo/l sodium, osmolarity 245 mosm/l) in
children decreased the need for unscheduled i.v. treat-
ment by 33 per cent without any effect on stool output
or duration of illness. Similarly, in our study we found
a 30 per cent reduction in the percentage of cases
requiring unscheduled i.v. treatment without an effect
on mean stool purging rate. In the above study no risk
for increased incidence of hyponatremia was
detected, as well as in our study. However, the risk of
hyponatremia is increased in malnourished children;
in our study there were no children with malnutrition.
On the other hand the study conducted among adult
cholera patients12 concluded that although there was
no difference in the effectiveness of treatment,
asymptomatic hyponatremia was more common
among the cases treated with reduced sodium,
reduced osmolarity ORS. Finally the results of a meta-
analysis performed to study the overall effectiveness
of reduced sodium, reduced osmolarity ORS
solutions, including 15 randomized controlled trials
conducted among children, showed a decreased need

for unscheduled i.v. treatment, decreased stool
volume, and vomiting without an apparent increase in
cases with hyponatremia.11

In our study, standard WHO ORS was admin-
istered with an increased amount of water, similar to
a hypotonic ORS, to moderately dehydrated
children less than 2 years old. In fact this was
suggested earlier7,8 to be as effective as hypotonic
ORS, but no study was encountered. It is also well
known that WHO recommends 100–200 ml of plain
water during rehydration treatment in children
under 6 months of age who are not breastfed.18 In
this study it was shown that among children given a
less amount of WHO ORS but with an increased
amount of plain water, there were less cases with
high purging rate, less cases with vomiting, and less
need for unscheduled intravenous treatment.
Although a 30 per cent reduction was detected in the
need of i.v. treatment we could not find a statistical
significance for the decrease, but we believe that this
may be due to the limited number of patients. As
mentioned in the study above,13 in order to show the
statistical significance of a 33 per cent reduction in
unscheduled i.v. treatment at least 700 cases in each
treatment group are required. 

Transient glucose intolerance is one the most
common complications of standard G-ORS treat-
ment17,22 requiring i.v. treatment. In the CHOICE
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TABLE 2
Clinical and laboratory characteristics of children according to treatment regimens

Standard ORS (n = 51) 2 : 1 ORS (n = 79)

Frequency of vomiting (per h)
On admission 0.16 ± 0.10 0.17 ± 0.10
During treatment 0.32 ± 0.30 0.19 ± 0.12

Stool purging rate (per h)
On admission 0.27 ± 0.17 0.29 ± 0.15
During treatment 0.45 ± 0.31 0.40 ± 0.27

Blood pH
On admission 7.27 ± 0.07 7.28 ± 0.06
After treatment 7.33 ± 0.07 (n = 28) 7.32 ± 0.07 (n = 45)

Blood HCO3 (mmol/l)
On admission 14.7 ± 3.7 15.3 ± 3.6
After treatment 17.1 ± 2.8 (n = 28) 17.6 ± 2.9 (n = 45)

Serum sodium (mmol/l)
On admission 137 ± 4.6 138 ± 4.4
After treatment 137 ± 2.4 (n = 8) 139 ± 3.7 (n = 10)

Serum potassium (mmol/l)
On admission 4.39 ± 0.8 4.32 ± 0.8
After treatment 3.6 ± 0.7 (n = 8) 4.2 ± 0.7 (n = 11)

Oral fluid intake rate (ml/kg/h) 19.37 ± 6.19 18.81 ± 6.17
Total fluid intake (ml/kg) 148 ± 81 157 ± 78
Total ORS intake (ml) 1334 ± 833 952 ± 496*
Total plain water intake (ml) 10.6 ± 47.7 402 ± 243**
Weight gain (% of admission) 4.61 ± 3.59 4.40 ± 11.4
Rehydration time (h) 7.8 ± 4.2 8.9 ± 4.9
Unscheduled i.v. treatment n (%) 10 (20) 11 (14)

*p < 0.01; ** p < 0.0001.

fmg 043 (to/k)  11/9/03  11:31 am  Page 293

D
ow

nloaded from
 https://academ

ic.oup.com
/tropej/article-abstract/49/5/291/1689996 by H

AC
ETTEPE U

N
IVER

SITY M
ED

IC
AL C

EN
TER

 LIBR
AR

Y user on 11 M
arch 2020



E. ÖZMERT ET AL.

294 Journal of Tropical Pediatrics Vol. 49, No. 5

study13 the decrease in i.v. treatment was speculated
to be related to the decrease in cases with glucose
malabsorption, which was explained by the decrease
of cases with a high purging rate. Similarly in our
study, cases with high purging rate was decreased in
the 2 : 1 ORS regimen. The cases with vomiting also
decreased in the 2 : 1 ORS group, which we believe
may have an impact on decreased i.v. need. 

Recently a group of experts at WHO concluded
that the new recommended ORS solution should
contain 75 mEq/l of sodium and 75 mmol/l of glucose
and have a total osmolarity of 245 mOsm/l.
However, it will take time for its availability world-
wide. The limited number of cases and the retro-
spective design of the study are the main constraints
of this study. Meanwhile, we suggest that the 100–200
ml of plain water along with WHO’s recommen-
dation of ORS during the treatment of moderately
dehydrated children under 6 months of age, corre-
sponding to two parts of WHO ORS and one part
plain water treatment, may be an alternative treat-
ment for older, moderately dehydrated, non-
malnourished children with non-cholera diarrhea in
areas where hypotonic ORS is not yet available. 

References
1. Hirschhorn N. The treatment of acute diarrhoea in children: an

historical and physiological perspective. Am J Clin Nutr 1980;
33: 637.

2. Rahaman MM, Patwari Y, Aziz KMS, et al. Diarrhoeal mortal-
ity in two Bangladeshi villages with and without community-
based oral rehydration therapy. Lancet 1979; ii: 908–12.

3. Avery ME, Snyder JD. Oral therapy for acute diarrhoea. The
underused simple solution. N Engl J Med 1990; 323: 891–94.

4. Fayad I, Hirschhorn N, Abu-Zikry M, Kamel M. Hyperna-
tremia surveillance during a national diarrhoeal diseases control
project in Egypt. Lancet 1992; 339: 389–93.

5. El-Mougi M. El-Akkad N, Hendawi A, et al. Is a low-osmolar-
ity ORS solution more efficacious than standard WHO ORS
solution? J Pediatr Gastroenterol Nutr 1994; 19: 83–6.

6. Faruque AS, Mahalanabis D, Hamadani J, Hoque SS. Hypo-
osmolar sucrose oral rehydration solutions in acute diarrhoea:
a pilot study. Acta Pediatr 1996; 85: 1247–48.

7. International Study Group on Reduced-osmolarity ORS
Solutions. Multicentre evaluation of reduced-osmolarity oral
rehydration salts solution. Lancet 1995; 345: 282–85.

8. Rautanen T, El-Radhi S, Vesikari T. Clinical experience with a
hypotonic oral rehydration solution in acute diarrhoea. Acta
Pediatr 1993; 82: 52–4.

9. Santosham M, Fayad I, Abu Zikri M, et al. A double-blind
clinical trial comparing World Health Organization oral rehy-
dration solution with a reduced osmolarity solution containing
equal amounts of sodium and glucose. J Pediatr 1996; 128:
45–51.

10. Mahalanabis D, Faruque AS, Hoque SS, Faruque SM. Hypo-
tonic oral rehydration solution in acute diarrhoea: a controlled
clinical trial. Acta Pediatr 1995; 84: 289–93.

11. Hahn S, Kim Y, Garner P. Reduced osmolarity oral rehydration
solution for treating dehydration due to diarrhoea in children:
systematic review. BMJ 2001 323: 81–5.

12. Alam NH, Majumder RN, Fuchs GJ, CHOICE study group.
Efficacy and safety of oral rehydration solution with reduced
osmolarity in adults with cholera: a randomized double-blind
clinical trial. Lancet 1999; 354: 296-99.

13. CHOICE Study Group. Multicenter, randomized, double blind
clinical trial to evaluate the efficacy and safety of a reduced
osmolarity oral rehydration salts solution in children with acute
watery diarrhea. Pediatrics 2001; 107: 613–18.

14. Duggan C, Fontaine O. A new formulation of ORS for children
is warranted. J Pediatr Gastroenterol Nutr 2002; 34: 251–52.

15. Fuchs G. Reduced osmolarity oral rehydration solutions: new
and improved ORS. J Pediatr Gastroenterol Nutr 2002; 34:
252–53.

16. Expert consultation on oral rehydration salts (ORS) formu-
lation. Report from a meeting of experts jointly organized by
UNICEF and WHO. WHO/FCH/CAH/01.22, New York, 2001. 

17. Özmert E, Yurdakök K, Aslan D, Yalçın SS, Yardım M. Clinical
characteristics of transient glucose intolerance during acute
diarrhea. Acta Pediatr 1999; 88: 1071–73.

18. WHO. A manual for treatment of acute diarrhoea for use by
physicians and other senior health workers. WHO/CDD/SER
80.2 REV 1. Geneva, WHO, 1984. 

19. Bhan MK, Mahalanabis, D, Fontaine O, Pierce NF. Clinical
trials of improved oral rehydration salt formulations: a review.
Bull WHO 1994; 72: 945–55.

20. Finberg L. Hypernatremic (hypertonic) dehydration in infants.
N Engl J Med 1973; 289: 196–98.

21. Sandhu BK, Christobal FL, Brueton MJ. Optimizing oral rehy-
dration solution composition in model systems: studies in
normal mammalian small intestine. Acta Paediatr Scand 1989;
364 (Suppl): 17–22.

22. Yurdakök K, Özmert E, Yalçın SS, Coșkun T. Rehydration of
moderately dehydrated children with transient glucose intoler-
ance using rice oral rehydration solution. Acta Pediatr 1999; 88:
34–7.

fmg 043 (to/k)  11/9/03  11:31 am  Page 294

D
ow

nloaded from
 https://academ

ic.oup.com
/tropej/article-abstract/49/5/291/1689996 by H

AC
ETTEPE U

N
IVER

SITY M
ED

IC
AL C

EN
TER

 LIBR
AR

Y user on 11 M
arch 2020


