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Abstract
: Diarrhoea complicates over half of admissions to hospital withBackground

severe acute malnutrition (SAM). World Health Organization (WHO) guidelines
for the management of dehydration recommend the use of oral rehydration with
ReSoMal (an oral rehydration solution (ORS) for SAM), which has lower
sodium (45mmols/l) and higher potassium (40mmols/l) content than old WHO
ORS. The composition of ReSoMal was designed specifically to address
theoretical risks of sodium overload and potential under-treatment of severe
hypokalaemia with rehydration using standard ORS. In African children, severe
hyponatraemia at admission is a major risk factor for poor outcome in children
with SAM complicated by diarrhoea. We therefore reviewed the evidence for
oral rehydration therapy in children with SAM.

: We conducted a systematic review of randomised controlled trialsMethods
(RCTs) on 18  July 2017 comparing different oral rehydration solutions in
severely malnourished children with diarrhoea and dehydration, using standard
search terms. The author assessed papers for inclusion. The primary endpoint
was frequency of hyponatraemia during rehydration.

: Six RCTs were identified, all published in English and conducted inResults
low resource settings in Asia. A range of ORS were evaluated in these studies,
including old WHO ORS, standard hypo-osmolar WHO ORS and ReSoMal.
Hyponatraemia was observed in two trials evaluating ReSoMal, three children
developed severe hyponatraemia with one experiencing convulsions.
Hypo-osmolar ORS was found to have benefits in time to rehydration, reduction
of stool output and duration of diarrhoea. No trials reported over-hydration or
fatalities.

: Current WHO guidelines strongly recommend the use ofConclusions
ReSoMal based on low quality of evidence. Studies indicate a significant risk of
hyponatraemia on ReSoMal in Asian children, none have been conducted in
Africa, where SAM mortality remains high. Further research should be
conducted in Africa to evaluate optimal ORS for children with SAM and to
generate evidence based, practical guidelines
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Table 1. Current recommendations for treatment of severely malnourished children with severe dehydration 
(WHO 2013)6,12.

No shock Shock*

Initial ReSoMal PO/NG – 5ml/kg every 
30 minutes for first 2 hours

15ml/Kg 1/2SD+5% OR RL+5%, over 1 hour, repeated once if 
needed 

If no improvement: Transfusion 10ml/Kg over 3hours (start 4ml/Kg/hour 
maintenance while awaiting blood)

Subsequent Then 5–10ml/kg/hr, alternating 
F75 and ReSoMal for 4–10 hours

Oral or nasogastric ReSoMal alternating with F75 10ml/Kg/hr, up to 
10hrs, and then refeeding with F75

*Shock is defined as the presence of all three of the following signs: Prolonged capillary refill time (>3seconds), temperature gradient 
and weak and fast pulse. ReSoMal – rehydration solution for malnutrition, PO/NG – Oral or nasogastric route, RL+5% – Ringers lactate 
and 5% dextrose, 1/2SD+5% - ½ strength Darrow’s solution and 5% dextrose, F75 – primary feeding formula for children with SAM

Introduction
In Africa, diarrhoea has been reported to complicate 49% of  
admissions to hospital of children with severe acute malnutrition 
(SAM), and a further 16% develop diarrhoea within 48 hours of 
admission. The in-hospital case fatality in children with SAM 
admitted with diarrhoea is high, 19%, versus 9% in those without 
diarrhoea, (χ2 = 17.6 p<0.001) and no prospect of improvement  
has been demonstrated over the last decade1–4.

Management of children with SAM complicated by diarrhoea 
focuses on exclusive oral or nasogastric (NG) rehydration, and  
limits intravenous rehydration to those complicated by advanced 
hypovolaemic shock or for those with severe dehydration who 
are unable to take or tolerate oral fluid5,6. The World Health  
Organization (WHO) guidelines are used widely in low resource 
settings as the standard of care, recommending that oral or NG 
rehydration fluids can be commenced for any child with SAM 
and diarrhoea (defined as three or more loose, watery stools)  
(Table 1). The guidelines do not allow for an assessment of  
severity of dehydration in children with SAM, indicating that 
dehydration is often difficult to diagnose in malnourished  
children because the clinical signs usually relied on to diagnose 
dehydration are similar to those found in severe wasting without 
dehydration5. However, the available evidence contradicts this  
contention. In a prospective study involving 920 unselected  
Kenyan children admitted to hospital with SAM, sepsis, signs 
of severe dehydration (secondary to diarrhoea) and hypovolae-
mic shock were common complications and were triage features 

associated with high early fatality (>20% mortality)7. Another  
prospective observational study conducted at the same centre  
examined in more detail diarrhoea in malnutrition, and multivari-
ate analysis identified bacteraemia (odds ratio 6.7 (95% confi-
dence interval 2.5-17.8 p<0.001) and hyponatraemia (odds ratio  
4.9 (95% CI 2.2-11.1 p<0.001) as key risk factors for mortality1. 
Only a very small number of children with signs of advanced  
shock are recommended to receive intravenous (IV) fluids,  
15ml/Kg of hypotonic fluid, followed by a blood transfusion if  
there is no improvement (Table 1). Outcomes in this group remains 
very unsatisfactory (reviewed by Houston et al., 2017)8

Recommendations suggest avoiding IV fluids in children with  
SAM due to concerns about the ability of these children to  
handle significant volume loads and potential susceptibility to  
fluid overload and cardiac failure. However, available evidence  
suggests that the perturbations of myocardial function are 
related to complications of sepsis, shock and severe dehydration  
and not due to ‘heart failure’9,10. A recent publication by Obonyo  
et al. 2017 demonstrated ‘fluid responsive’ myocardial indices 
following rehydration in children with SAM and hypovolaemic 
shock11.

Types of Oral Rehydration Solutions
The original or ‘old’ oral rehydration solution (ORS) recommended 
by WHO was designed largely to treat children with cholera 
and thus had a high sodium content (since cholera is a secretory  
diarrhoea with large losses of both sodium and water). At that  
time WHO guidance advised that children with SAM should 
be given a modified version of oral rehydration solution (ORS) 
called ReSoMal (rehydration solution for malnutrition), which has 
lower sodium, higher potassium and glucose and lower osmolarity 
than Old WHO ORS (Table 2)5,6. This was due to concerns that  
‘children with bilateral pitting oedema typically have high  
intracellular sodium and are therefore inclined to retain fluids’  
and ‘are prone to fluid retention and susceptible to fluid changes’, 
thereby predisposing the child to fluid overload and heart  
failure6. Whilst this was suggested by Wharton et al., who 

            Amendments from Version 2

One of the reviewers noted an error in Table 3 and the references 
in the Discussion section; we have revised the manuscript to 
correct these errors.
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reported an excess of heart failure in children receiving a high 
energy milk to which sodium was added13, apparently to improve 
acceptability in all children (including those without diarrhoea) 
the sodium content was probably higher and the milk given over 
a longer period of time than they would have received if they 
were only being rehydrated. Thus, this cannot be extrapolated 
to inform management of rehydration in children with SAM. 
Furthermore, an observational study has reported that in SAM  
children receiving liberal ReSoMal leads to excess mortality due to 
heart failure due to excessive sodium intake as a reference source 
to support these recommendations. However, this does not qualify 
as sufficient evidence to inform the management of African chil-
dren who have diarrhoea14. Other than these observations we are 
have found no physiological data published to support this con-
tentious opinion that children with severe malnutrition are prone 
to sodium overload, even for the sub group of greatest concern, 
kwashiorkor15,16.

The current standard (hypo-osmolar) WHO ORS, with lower  
sodium and glucose content, was developed in order to reduce 
the intensity of diarrhoea in children. A meta-analysis of 8 trials, 
showed that reduced osmolarity ORS was associated with fewer 
unscheduled intravenous fluid infusions (the primary endpoint) 
compared with WHO standard ORS and stool output, reported 
in eleven trials, was less in the reduced osmolarity ORS group17. 
Hypo-osmolar ORS has now been adopted into practice and has 
largely replaced the old ORS formulation and is recommended in 
current WHO paediatric management guidelines12. The Standard 
(hyposmolar) WHO ORS recommended for non-SAM children is 
therefore closer in composition to ReSoMal with respect to sodium 
content but has a much lower osmolarity (due to the lower glucose 
content) than ReSoMal which means theoretically that it may have 
less potential to exacerbate stool volume and diarrhoea in children 
with SAM.

The ‘strong’ recommendations for rehydration of children 
with SAM are informed by a nutritional specialist group for 
the WHO and are based on expert opinion, since the review of 
the data indicated low quality of evidence6. The most recent  
updates to WHO guidelines in 2013 did not revise any of their  

recommendations, with the exception of the addition of a  
single 15ml/kg bolus of hypotonic intravenous fluid for severely 
dehydrated children unable to tolerate oral rehydration (as per 
shock management)6. No further IV rehydration beyond this was 
considered, with most rehydration strategies focused on oral  
rehydration. Owing to the poor outcomes recognised in African 
children with SAM complicated by diarrhoea, we therefore  
conducted a systematic review of the current available evidence 
underlying oral rehydration solutions for children with dehydra-
tion and severe acute malnutrition.

Objectives
To conduct a critical appraisal of available evidence evaluating  
the use of ReSoMal and hypo-osmolar ORS in the treatment of 
dehydration in children with SAM.

Methods
We did not publish a protocol prior to conducting this review. 
A search of online literature was performed. There were pre- 
determined criteria, as detailed below for eligibility of studies,  
data outcomes, and an assessment of risk of bias and study method 
quality in each of the identified studies.

Selection criteria
Population. Children aged 0 to 12 years with SAM requiring 
oral rehydration solution for management of dehydration sec-
ondary to gastroenteritis. We used the WHO definitions for mal-
nutrition (Weight-for-height Z score (WHZ) <-3, mid-upper arm  
circumference (MUAC) <115mm or oedema consistent with  
kwashiorkor), gastroenteritis (dehydrating diarrhoea, >3 loose 
stools per day) and for dehydration. We excluded studies with 
chronic or persistent diarrhoea lasting ≥ 14 days.

Intervention and comparison. All studies that compare two or  
more different ORS were included. Studies were excluded if  
they considered rehydration in children without severe mal-
nutrition, only considered rehydration via the IV route or only  
included patients with congenital heart disease, trauma, or diabetic 
ketoacidosis.

Outcome. Clinical trials that reported on any outcomes were 
included. The primary outcome for this review was frequency of 
hyponatraemia (sodium concentration <135mmol/L) during and 
after rehydration therapy. Secondary outcomes were all cause mor-
tality, time to rehydration, stool output, frequency of fluid overload 
and frequency of oral rehydration failure.

Study design. Only randomised-controlled trials (RCTs) were 
included.

Search methods
Online database search. A comprehensive literature search  
of the following databases was conducted on the 18th July 2017 
using the English search terms ‘malnutrition’ AND ‘children’ AND 
‘rehydration’ AND ‘oral’:

•   �PubMed/ Medline

•   �Global Health Library (Virtual Health Library)

•   �Cochrane Database of Systematic Reviews

Table 2. Comparison of formulations of oral rehydration 
solution (ORS).

Old  
WHO ORS

Standard 
(hypo-osmolar) 
WHO ORS

ReSoMal

Osmolarity 
(mOsm/L)

311 245 300

Sodium 
Mmol/l

90 75 45

Potassium 
Mmol/l

20 20 40

Chloride 
Mmol/l

80 65 76

Glucose 
Mmol/l

111 75 125
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Figure 1. Flow diagram for selection of studies and reasons for 
study exclusion.

Box 1. Management of cholera in children with SAM.

WHO guidelines Children with SAM should be rehydrated slowly, either orally or by nasogastric tube, using WHO standard 
oral rehydration solution (ORS), 5ml/Kg every 30 minutes for the first 2 hours and then 5–10ml/Kg/hour up to a 
maximum of 10 hours.

ReSoMal should not be given if the child has suspected cholera or has profuse watery diarrhoea.

Intravenous fluid should not be used unless the child has shock and cannot be rehydrated orally or by nasogastric 
tube.

Evidence for oral 
rehydration

This review includes 259 (out of a possible total of 665) patients that had cholera (39%) in five of the six studies 
(Kumar et al., 2015, did not report on numbers with cholera). One study included only children with cholera and 
two further studies presented sub-analyses on patients with cholera.

Relevant findings:

Alam et al. (2009)20 included ONLY patients with cholera and reported that the only significant difference was a 
reduction in stool output with children receiving the rice-based ORS.

Alam et al. (2000)18 reported no significant difference in frequency of hyponatraemia. and significantly less hypo-
osmolar ORS consumed than standard ORS.

Alam et al. (2003)19 showed no significant differences in hyponatraemia between patients with cholera treated with 
ReSoMal or standard ORS. Notably, the patient who developed hyponatraemic seizures did not have cholera.

Implications in 
practice

There appears to be no additional significant benefit to using hypo-osmolar ORS or ReSoMal in comparison with 
standard WHO ORS.

Guidelines for children with SAM and suspected or confirmed cholera are identical to those with non-cholera 
diarrhoea other than the ORS used. Cholera is a secretory diarrhoea with high stool volume output and the current 
restrictive guidelines may therefore result in under treatment of children with dehydration.

•   �Cochrane Central Register of Controlled Trials

•   �ClinicalTrials.gov

•   �The WHO International Clinical Trials Registry Portal 
(ICTRP) search portal

Each of the eligible studies was assessed and a manual review  
of the reference lists carried out. Additionally, a Google search  
was performed.

The authors screened the results of the literature search for  
studies that met the inclusion criteria as determined by the  
PICOS outline.

Results
Study selection
The search produced 432 studies (Figure 1). After screening and 
evaluation, six studies were identified that investigated ORS in 
children with SAM complicated by dehydration, incorporating a 
total of 686 children. All six of these studies were conducted in  
Asia, four of which were conducted at the International Centre  
for Diarrhoeal Disease Research, Bangladesh (ICDDR, B)18–21 and 
two in India (New Delhi22 and Calcutta23). One study included  
children with and without SAM18, but reported independently on 
outcomes for children with SAM. One study included children 
with cholera only20 (see Box 1 for further details). There was  
moderate heterogeneity in the population eligibility criteria,  
sample size, and methods employed by each study, and in their 
results. Table 3 and Table 4 show the setting, methodology and  

Page 5 of 20

Wellcome Open Research 2017, 2:66 Last updated: 27 OCT 2017



Ta
b

le
 3

. C
h

ar
ac

te
ri

st
ic

s 
o

f 
In

cl
u

d
ed

 S
tu

d
ie

s.

Ye
ar

L
o

ca
ti

o
n

S
tu

d
y 

ty
p

e
P

op
ul

at
io

n
S

am
p

le
 

si
ze

In
cl

u
si

o
n

E
xc

lu
si

o
n

C
o

m
p

ar
is

o
n

 
(n

u
m

b
er

 in
 g

ro
u

p
)

O
u

tc
o

m
es

A
la

m
 e

t 
al

.18
20

00
IC

D
D

R
, 

B
, D

ha
ka

 
H

os
pi

ta
l

R
C

T 

(D
ou

bl
e 

bl
in

de
d)

C
hi

ld
re

n 
ag

ed
  

3 
m

on
th

s 
an

d 
ab

ov
e

17
0

In
cl

ud
in

g  
81

 
ch

ild
re

n 
w

ith
 

SA
M

C
hi

ld
re

n 
w

ith
 a

cu
te

 (<
4 

da
ys

 d
ur

at
io

n)
 d

ia
rr

ho
ea

 
w

ith
 d

eh
yd

ra
tio

n 
an

d 
on

e 
of

 th
e 

fo
llo

w
in

g:
 i)

 n
on

-
ch

ol
er

a 
di

ar
rh

oe
a,

 a
ge

d 
3 

m
on

th
s 

to
 5

 y
ea

rs
; a

nd
 ii

) 
al

l c
hi

ld
re

n 
ab

ov
e 

3 
m

on
th

s 
w

ith
 c

lin
ic

al
 s

us
pi

ci
on

 o
f 

ch
ol

er
a

C
hi

ld
re

n 
w

ith
 e

vi
de

nc
e 

of
 s

ys
te

m
ic

 in
fe

ct
io

n,
 

en
ce

ph
al

op
at

hy
, 

el
ec

tro
ly

te
 im

ba
la

nc
e,

 
co

nv
ul

si
on

 o
r i

nv
as

iv
e 

di
ar

rh
oe

a

O
ld

 W
H

O
 O

R
S 

(4
0)

 
ve

rs
us

 H
yp

o-
os

m
ol

ar
 

W
H

O
 O

R
S 

(4
1)

Ti
m

e 
to

 re
hy

dr
at

io
n,

 
st

oo
l f

re
qu

en
cy

 a
nd

 
du

ra
tio

n 
of

 d
ia

rr
ho

ea
, 

tim
e 

to
 d

is
ch

ar
ge

A
la

m
 e

t 
al

.19
20

03
IC

D
D

R
, 

B
, D

ha
ka

 
H

os
pi

ta
l

R
C

T 

(D
ou

bl
e 

bl
in

d)

C
hi

ld
re

n 
ag

ed
 6

 to
 

36
 m

on
th

s

13
0

C
hi

ld
re

n 
w

ith
 s

ev
er

e 
m

al
nu

tri
tio

n 
(W

FH
 <

70
%

 
N

C
H

S 
m

ed
ia

n 
or

 b
ila

te
ra

l 
pe

da
l o

ed
em

a)
 a

nd
 a

cu
te

 
w

at
er

y 
di

ar
rh

oe
a 

(<
10

da
ys

)

C
hi

ld
re

n 
w

ith
 b

lo
od

y 
di

ar
rh

oe
a,

 s
ev

er
e 

de
hy

dr
at

io
n 

re
qu

iri
ng

 IV
 

flu
id

s 
or

 s
ig

ns
 o

f s
ev

er
e 

in
fe

ct
io

n

R
eS

oM
al

 (7
5)

 
ve

rs
us

 o
ld

 W
H

O
-

O
R

S 
(7

5)

Pr
im

ar
y:

 F
re

qu
en

cy
 

of
 o

ve
r h

yd
ra

tio
n 

an
d 

nu
m

be
r 

w
ho

 c
or

re
ct

ed
 

hy
po

ka
la

em
ia

 a
t 2

4 
ad

 4
8 

ho
ur

s 

Se
co

nd
ar

y:
 n

um
be

r 
of

 c
hi

ld
re

n 
re

m
ai

ni
ng

 
hy

po
na

tra
em

ic
 a

t 
24

/4
8 

hr
s

A
la

m
 e

t 
al

.20
20

09
IC

D
D

R
, 

B
, D

ha
ka

 
H

os
pi

ta
l

R
C

T 

(N
ot

 b
lin

de
d 

du
e 

to
 v

is
ib

le
 

di
ffe

re
nc

es
 in

 
th

e 
O

R
S)

C
hi

ld
re

n 
ag

ed
 6

 to
 

36
 m

on
th

s

17
5

C
hi

ld
re

n 
w

ith
 s

ev
er

e 
m

al
nu

tri
tio

n 
(W

FH
<

70
%

 
N

C
H

S 
m

ed
ia

n)
 a

nd
 

ch
ol

er
a 

(s
to

ol
 d

ar
k 

fie
ld

 
m

ic
ro

sc
op

y)

C
hi

ld
re

n 
w

ith
 d

ys
en

te
ry

, 
an

d 
se

ve
re

 in
fe

ct
io

ns
G

lu
co

se
-O

R
S 

(5
8)

 
vs

. G
lu

co
se

-O
R

S 
pl

us
 5

0g
/L

 A
m

yl
as

e 
re

si
st

an
t s

ta
rc

h 
(5

9)
 

vs
. R

ic
e-

O
R

S 
(5

8)

Pr
im

ar
y:

 s
to

ol
 o

ut
pu

t 

Se
co

nd
ar

y:
 ti

m
e 

to
 

at
ta

in
 o

ed
em

a 
fre

e 
w

ei
gh

t f
or

 le
ng

th
 o

f 
80

%
.

A
la

m
 e

t 
al

.21
20

15
IC

D
D

R
, 

B
, D

ha
ka

 
H

os
pi

ta
l

R
C

T 

(d
ou

bl
e 

bl
in

d)

C
hi

ld
re

n 
ag

ed
 6

 to
 

36
 m

on
th

s

12
6

C
hi

ld
re

n 
w

ith
 s

ev
er

e 
m

al
nu

tri
tio

n 
(W

FH
/W

FA
 

<
-3

 Z
 s

co
re

 w
ith

 o
r w

ith
ou

t 
pe

da
l o

ed
em

a)
 w

ith
 a

cu
te

 
di

ar
rh

oe
a 

(3
 o

r m
or

e 
w

at
er

y 
st

oo
ls

 fo
r 2

4 
ho

ur
s,

 la
st

in
g 

<
7d

ay
s)

C
hi

ld
re

n 
w

ith
 b

lo
od

y 
di

ar
rh

oe
a,

 s
ev

er
e 

di
se

as
es

 
(s

ep
si

s,
 m

en
in

gi
tis

, s
ev

er
e 

pn
eu

m
on

ia
)

H
yp

o-
os

m
ol

ar
 

O
R

S 
w

ith
 (6

3)
 

an
d 

w
ith

ou
t (

63
) 

ad
di

tio
na

l 1
5g

/L
 

PH
G

G
 (p

ar
tia

lly
 

hy
dr

ol
ys

ed
 g

ua
r 

gu
m

)

D
ur

at
io

n 
of

 d
ia

rr
ho

ea
, 

pr
op

or
tio

n 
re

co
ve

re
d 

w
ith

in
 7

2h
ou

rs
, d

ai
ly

 
st

oo
l o

ut
pu

t a
nd

 
re

co
ve

ry
 fr

om
 s

ev
er

e 
m

al
nu

tri
tio

n

D
u

tt
a 

et
 a

l.23
20

01
D

r B
C

 R
oy

 
M

em
or

ia
l 

H
os

pi
ta

l, 
C

al
cu

tta

R
C

T 

(d
ou

bl
e 

bl
in

d)

C
hi

ld
re

n 
ag

ed
 6

 to
 

48
 m

on
th

s

64
M

al
e 

ch
ild

re
n 

<
60

%
 

H
ar

va
rd

 s
ta

nd
ar

d 
W

FA
 

w
ith

ou
t o

ed
em

a,
 a

nd
 h

is
to

ry
 

of
 a

cu
te

 w
at

er
 d

ia
rr

ho
ea

 
fo

r <
72

ho
ur

s 
an

d 
‘s

om
e 

de
hy

dr
at

io
n’

C
hi

ld
re

n 
w

ith
 re

ce
nt

 
hi

st
or

y 
of

 d
ia

rr
ho

ea
 

(<
1m

on
th

), 
pr

ev
io

us
 

an
tib

io
tic

s 
or

 O
R

S 
du

rin
g 

th
is

 e
pi

so
de

, o
bv

io
us

 
pa

re
nt

al
 in

fe
ct

io
n,

 
ex

cl
us

iv
el

y 
br

ea
st

fe
d 

an
d 

if 
th

ey
 h

ad
 k

w
as

hi
or

ko
r

H
yp

o-
os

m
ol

ar
 O

R
S 

(3
2)

 v
er

su
s 

O
ld

 
W

H
O

 O
R

S 
(3

2)

K
um

ar
 e

t a
l.22

20
15

K
al

aw
at

i 
Sa

ra
n 

ch
ild

re
n’

s 
H

os
pi

ta
l, 

N
ew

 
D

el
hi

O
pe

n 

R
C

T

C
hi

ld
re

n 
ag

ed
  

6–
59

 
m

on
th

s

11
0

C
hi

ld
re

n 
w

ith
 s

ev
er

e 
ac

ut
e 

m
al

nu
tri

tio
n 

as
 p

er
 W

H
O

 
ca

se
 d

efi
ni

tio
n.

C
hi

ld
re

n 
w

ith
 s

ho
ck

, 
ol

ig
ur

ia
 (6

hr
s 

or
 m

or
e)

, 
co

nv
ul

si
on

s 
an

d 
se

ve
re

ly
 

de
ra

ng
ed

 e
le

ct
ro

ly
te

s.
 

C
hi

ld
re

n 
w

ith
 k

no
w

n 
re

na
l, 

he
ar

t d
is

ea
se

 a
nd

 re
ce

nt
 

IV
 fl

ui
d 

tre
at

m
en

t.

Lo
w

-o
sm

ol
ar

ity
 

O
R

S 
w

ith
 a

dd
ed

 
po

ta
ss

iu
m

 v
er

su
s 

m
od

ifi
ed

 R
eS

oM
al

Pr
im

ar
y:

 N
um

be
r o

f 
ch

ild
re

n 
de

ve
lo

pi
ng

 
hy

po
na

tra
em

ia
. 

Se
co

nd
ar

y:
 

fre
qu

en
cy

 o
f 

hy
po

ka
la

em
ia

, 
tre

at
m

en
t f

ai
lu

re
, 

st
oo

l f
re

qu
en

cy
, O

R
S 

co
ns

um
pt

io
n 

an
d 

tim
e 

to
 re

hy
dr

at
io

n.

Page 6 of 20

Wellcome Open Research 2017, 2:66 Last updated: 27 OCT 2017



Ta
b

le
 4

. M
et

h
o

d
o

lo
g

y 
an

d
 r

es
u

lt
s 

o
f 

in
cl

u
d

ed
 s

tu
d

ie
s.

R
is

k 
o

f 
b

ia
s

M
et

h
o

d
o

lo
g

y
F

re
q

u
en

cy
 o

f 
hy

p
o

n
at

ra
em

ia
O

th
er

 o
ut

co
m

es
 (m

or
ta

lit
y,

 ti
m

e 
to

 r
eh

yd
ra

tio
n,

 
ti

m
e 

to
 d

is
ch

ar
g

e,
 s

to
o

l o
u

tp
u

t, 
fr

eq
u

en
cy

 
o

f 
fl

u
id

 o
ve

rl
o

ad
 a

n
d

 f
re

q
u

en
cy

 o
f 

tr
ea

tm
en

t 
fa

ilu
re

)

A
la

m
 e

t 
al

., 
20

00
18

Lo
w

-
m

od
er

at
e

Se
ria

lly
 a

llo
tte

d 
th

e 
st

ud
y 

O
R

S 
pa

ck
et

 (p
re

-
m

ad
e 

an
d 

or
de

re
d 

by
 p

ha
rm

ac
y 

ac
co

rd
in

g 
to

 
ra

nd
om

is
at

io
n)

 –
 ra

nd
om

is
at

io
n 

pr
oc

es
s 

no
t 

sp
ec

ifi
ed

. O
ut

co
m

es
 n

ot
 p

re
-s

pe
ci

fie
d.

 If
 s

ev
er

el
y 

de
hy

dr
at

ed
 th

ey
 re

ce
iv

ed
 5

0m
l/K

g 
R

L 
in

 1
 h

ou
r 

be
fo

re
 in

cl
us

io
n 

in
 th

e 
st

ud
y.

 T
he

n 
75

m
l/k

g 
O

R
S 

ov
er

 4
 h

ou
rs

. S
er

ia
l c

lin
ic

al
 a

ss
es

sm
en

ts
 o

f 
de

hy
dr

at
io

n.

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 s

er
um

 s
od

iu
m

Sh
or

te
r d

ur
at

io
n 

of
 re

hy
dr

at
io

n 
in

 h
yp

os
m

ol
ar

 
O

R
S 

gr
ou

p 
al

th
ou

gh
 n

ot
 s

ig
ni

fic
an

t (
10

.9
5 

ho
ur

s 
vs

. 1
1.

72
 h

ou
rs

, p
=

0.
32

, 9
5%

 C
I 0

.5
5-

0.
97

) 

St
oo

l f
re

qu
en

cy
 d

ur
in

g 
re

hy
dr

at
io

n 
w

as
 le

ss
 

(4
.2

7 
vs

. 5
.8

6,
 p

<
0.

05
) 

N
um

be
r o

f p
at

ie
nt

s 
fa

ili
ng

 o
ra

l r
eh

yd
ra

tio
n 

th
er

ap
y 

no
t r

ep
or

te
d

A
la

m
 e

t 
al

., 
20

03
19

Lo
w

C
hi

ld
re

n 
en

ro
lle

d 
an

d 
ra

nd
om

is
ed

 (l
is

t p
ro

vi
de

d 
by

 
W

H
O

 G
en

ev
a 

an
d 

se
ria

lly
 n

um
be

re
d)

. B
lin

di
ng

 w
el

l 
de

ta
ile

d.
 C

lin
ic

al
 h

is
to

ry
 ta

ke
n,

 b
lo

od
, a

nd
 s

to
ol

 
sa

m
pl

es
 ta

ke
n,

 p
lu

s 
ur

in
e 

an
d 

C
XR

 if
 in

di
ca

te
d.

 
W

H
O

 s
ta

nd
ar

d 
pr

ot
oc

ol
 fo

llo
w

ed
. C

hi
ld

re
n 

re
ce

iv
ed

 
10

m
/K

g/
h 

fir
st

 2
 h

ou
rs

 a
nd

 th
en

 5
m

l/K
g/

ho
ur

 o
ve

r 
10

–1
2 

ho
ur

s 
un

til
 d

efi
ci

t c
or

re
ct

ed
. O

n-
go

in
g 

st
oo

l 
lo

ss
es

 a
ls

o 
ac

co
un

te
d 

fo
r.

3 
ch

ild
re

n 
in

 th
e 

R
eS

oM
al

 g
ro

up
 d

ev
el

op
ed

 
se

ve
re

 h
yp

on
at

ra
em

ia
 b

y 
24

 h
ou

rs
 a

nd
 o

ne
 

ha
d 

hy
po

na
tra

em
ic

 c
on

vu
ls

io
ns

 (s
er

um
 s

od
iu

m
 

10
8m

m
ol

/L
) 

Se
ru

m
 s

od
iu

m
 w

as
 lo

w
er

 a
t 2

4 
an

d 
48

hr
s 

in
 R

eS
oM

al
 g

ro
up

 (p
<

0.
01

 a
nd

 p
<

0.
00

1 
re

sp
ec

tiv
el

y

C
hi

ld
re

n 
eq

ua
lly

 a
nd

 a
de

qu
at

el
y 

w
el

l h
yd

ra
te

d 
(R

eS
oM

al
 v

s.
 W

H
O

-O
R

S,
 7

6%
 v

s.
 8

1%
, p

-0
.6

8)
 

N
um

be
r d

ev
el

op
in

g 
ov

er
 h

yd
ra

tio
n 

no
t s

ig
ni

fic
an

tly
 

di
ffe

re
nt

 (R
eS

oM
al

 v
s.

 W
H

O
-O

R
S 

5%
 v

s.
 1

2%
, 

p=
0.

2)
 

R
eS

oM
al

 c
or

re
ct

ed
 b

as
al

 h
yp

ok
al

ae
m

ia
 in

 
gr

ea
te

r p
ro

po
rt

io
n 

by
 2

4 
ho

ur
s 

(3
6%

 v
s.

 5
%

, 
p=

0.
00

06
) a

nd
 4

8 
hr

s 
(2

9%
 v

s.
 1

0%
, p

=
0.

01
7 

1 
an

d 
3 

pa
tie

nt
s 

fro
m

 th
e 

ol
d 

W
H

O
-O

R
S 

an
d 

R
eS

oM
aL

 g
ro

up
s 

re
qu

ire
d 

IV
 re

hy
dr

at
io

n 
af

te
r 

ra
nd

om
is

at
io

n 
(n

o 
p-

va
lu

e 
gi

ve
n)

A
la

m
 e

t 
al

., 
20

09
20

Lo
w

Se
ve

re
ly

 d
eh

yd
ra

te
d 

ch
ild

re
n 

w
er

e 
ad

m
in

is
te

re
d 

10
0m

l/K
g 

IV
 ‘c

ho
le

ra
-s

al
in

e’
 fo

r 4
–6

 h
rs

 p
rio

r t
o 

ra
nd

om
is

at
io

n.
 If

 e
lig

ib
le

, c
hi

ld
re

n 
ra

nd
om

is
ed

 
to

 o
ne

 o
f 3

 O
R

S 
so

lu
tio

ns
 (l

is
t p

re
pa

re
d 

by
 

in
de

pe
nd

en
t s

ta
tis

tic
ia

n)
. C

lin
ic

al
 a

ss
es

sm
en

t 
at

 a
dm

is
si

on
, b

lo
od

, u
rin

e 
an

d 
st

oo
l s

am
pl

es
 

ob
ta

in
ed

. O
R

S 
10

0m
l/K

G
 o

ve
r 6

 h
ou

rs
, p

lu
s 

ad
di

tio
na

l O
R

S 
if 

hi
gh

 p
ur

gi
ng

 ra
te

. C
on

tin
ue

d 
un

til
 

ce
ss

at
io

n 
of

 d
ia

rr
ho

ea
. S

ta
nd

ar
d 

pr
ot

oc
ol

 fo
r S

A
M

 
fo

llo
w

ed
. F

ol
lo

w
ed

 u
p 

fo
r m

in
im

um
 6

 w
ee

ks
.

Se
ru

m
 s

od
iu

m
 a

t b
as

el
in

e 
no

t s
ig

ni
fic

an
tly

 
di

ffe
re

nt
 a

nd
 s

ub
se

qu
en

t h
yp

o/
hy

pe
rn

at
ra

em
ia

 
no

t r
ep

or
te

d

Ti
m

e 
to

 re
hy

dr
at

io
n 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t 

be
tw

ee
n 

gr
ou

ps
 

A
ll 

w
er

e 
re

hy
dr

at
ed

 w
ith

in
 6

 h
ou

rs
 

N
on

e 
de

ve
lo

pe
d 

ov
er

-h
yd

ra
tio

n 
or

 h
ea

rt
 fa

ilu
re

 

St
oo

l o
ut

pu
t a

nd
 O

R
S 

in
ta

ke
 in

 fi
rs

t 2
4 

ho
ur

s 
w

as
 s

ig
ni

fic
an

tly
 le

ss
 in

 ri
ce

 O
R

S 
gr

ou
p 

(p
=

0.
00

4 
an

d 
p=

0.
00

2 
re

sp
ec

tiv
el

y)
 

U
rin

e 
ou

tp
ut

 a
t 1

2 
ho

ur
s 

no
t s

ig
ni

fic
an

tly
 

di
ffe

re
nt

 

D
ur

at
io

n 
of

 d
ia

rr
ho

ea
 a

nd
 ti

m
e 

to
 a

tta
in

 8
0%

 
m

ed
ia

n 
w

ei
gh

t/l
en

gt
h 

no
t d

iff
er

en
t 

N
o 

si
gn

ifi
ca

nc
e 

di
ffe

re
nc

e 
in

 tr
ea

tm
en

t f
ai

lu
re

 
(p

=
0.

78
5)

Page 7 of 20

Wellcome Open Research 2017, 2:66 Last updated: 27 OCT 2017



R
is

k 
o

f 
b

ia
s

M
et

h
o

d
o

lo
g

y
F

re
q

u
en

cy
 o

f 
hy

p
o

n
at

ra
em

ia
O

th
er

 o
ut

co
m

es
 (m

or
ta

lit
y,

 ti
m

e 
to

 r
eh

yd
ra

tio
n,

 
ti

m
e 

to
 d

is
ch

ar
g

e,
 s

to
o

l o
u

tp
u

t, 
fr

eq
u

en
cy

 
o

f 
fl

u
id

 o
ve

rl
o

ad
 a

n
d

 f
re

q
u

en
cy

 o
f 

tr
ea

tm
en

t 
fa

ilu
re

)

A
la

m
 e

t 
al

., 
20

15
21

Lo
w

El
ig

ib
ili

ty
 c

on
fir

m
ed

 a
nd

 th
en

 c
hi

ld
 ra

nd
om

is
ed

 
1:

1 
to

 O
R

S 
(li

st
 p

ro
vi

de
d 

by
 in

de
pe

nd
en

t 
st

at
is

tic
ia

n 
an

d 
he

ld
 b

y 
ph

ar
m

ac
is

ts
). 

C
hi

ld
re

n 
w

ith
 s

ev
er

e 
de

hy
dr

at
io

n 
w

er
e 

tre
at

ed
 w

ith
 IV

 
flu

id
s 

an
d 

th
en

 ra
nd

om
is

ed
 a

s 
so

on
 a

s 
th

ey
 w

er
e 

ou
t o

f h
yp

ov
ol

ae
m

ic
 s

ho
ck

 a
nd

 s
ig

ns
 o

f s
ev

er
e 

de
hy

dr
at

io
n 

re
so

lv
ed

 (b
ut

 <
4h

ou
rs

). 
C

lin
ic

al
 

as
se

ss
m

en
ts

, b
lo

od
 a

nd
 u

rin
e 

sa
m

pl
es

. O
th

er
w

is
e 

fo
llo

w
ed

 W
H

O
 p

ro
to

co
l.

Se
ru

m
 s

od
iu

m
 a

t b
as

el
in

e 
no

t s
ig

ni
fic

an
tly

 
di

ffe
re

nt
 a

nd
 s

ub
se

qu
en

t h
yp

o/
hy

pe
rn

at
ra

em
ia

 
no

t r
ep

or
te

d

M
ea

n 
du

ra
tio

n 
of

 d
ia

rr
ho

ea
 s

ig
ni

fic
an

tly
 s

ho
rt

er
 

in
 P

H
G

G
 g

ro
up

 (p
=

0.
01

) 

St
oo

l w
ei

gh
t r

ed
uc

ed
 in

 P
H

G
G

 g
ro

up
, b

ut
 n

ot
 

si
gn

ifi
ca

nt
ly

 d
iff

er
en

t 

M
ea

n 
tim

e 
to

 a
tta

in
 W

FL
 8

0%
 w

as
 s

ho
rt

er
 in

 
PH

G
G

 g
ro

up
 (p

=
0.

02
7)

 

Ti
m

e 
to

 re
hy

dr
at

io
n 

no
t r

ep
or

te
d 

N
o 

si
gn

ifi
ca

nc
e 

di
ffe

re
nc

e 
in

 tr
ea

tm
en

t f
ai

lu
re

 
(p

=
0.

69
)

D
u

tt
a 

et
 a

l.,
 

20
01

23
Lo

w
-

m
od

er
at

e
El

ig
ib

ili
ty

 c
he

ck
ed

, c
on

se
nt

ed
 a

nd
 c

lin
ic

al
 

as
se

ss
m

en
t d

on
e.

 C
om

pu
te

r g
en

er
at

ed
 

ra
nd

om
is

at
io

n 
ta

bl
e 

us
ed

 fo
r a

llo
ca

tio
n 

of
 O

R
S,

 
he

ld
 b

y 
in

de
pe

nd
en

t i
nd

iv
id

ua
l w

ho
 p

ro
vi

de
d 

O
R

S 
pa

ck
et

s.
 B

lo
od

 a
nd

 s
to

ol
 s

am
pl

es
 ta

ke
n.

 O
ut

co
m

es
 

no
t p

re
-s

pe
ci

fie
d

M
ea

n 
se

ru
m

 s
od

iu
m

 o
n 

re
co

ve
ry

 w
as

 w
ith

in
 

no
rm

al
 ra

ng
e 

in
 b

ot
h 

gr
ou

ps
To

ta
l o

f 2
9 

(9
1%

) i
n 

ol
d 

W
H

O
 O

R
S 

gr
ou

p 
an

d 
 

32
 (1

00
%

) i
n 

hy
po

-o
sm

ol
ar

 O
R

S 
gr

ou
p 

re
co

ve
re

d 
w

ith
in

 5
 d

ay
s.

 

St
oo

l o
ut

pu
t (

52
.3

 v
 9

6.
6 

g/
kg

/d
ay

) s
ig

ni
fic

an
tly

 
le

ss
 in

 h
yp

o-
os

m
ol

ar
 g

ro
up

 

D
ur

at
io

n 
of

 d
ia

rr
ho

ea
 (4

1.
5 

v 
66

.4
 h

ou
rs

) 
si

gn
ifi

ca
nt

ly
 le

ss
 in

 h
yp

o-
os

m
ol

ar
 g

ro
up

 

O
R

S 
in

ta
ke

 (1
11

.5
 v

 1
68

.9
 m

l/k
g/

da
y)

 
si

gn
ifi

ca
nt

ly
 le

ss
 in

 h
yp

o-
os

m
ol

ar
 g

ro
up

 

Fl
ui

d 
in

ta
ke

 (2
14

.6
 v

 2
78

.3
m

l/K
g/

da
y)

 
si

gn
ifi

ca
nt

ly
 le

ss
 in

 h
yp

o-
os

m
ol

ar
 g

ro
up

 

Pe
rc

en
ta

ge
 w

ei
gh

t g
ai

n 
in

 h
yp

o-
os

m
ol

ar
 g

ro
up

 
w

as
 s

ig
ni

fic
an

tly
 le

ss

K
um

ar
 e

t a
l.,

 
20

15
22

Lo
w

En
ro

lm
en

t, 
ra

nd
om

is
at

io
n 

(b
lo

ck
 ra

nd
om

is
at

io
n 

by
 c

om
pu

te
r g

en
er

at
ed

 s
eq

ue
nc

e)
, t

he
n 

cl
in

ic
al

 
as

se
ss

m
en

t, 
an

d 
bl

oo
d 

sa
m

pl
es

 ta
ke

n.
 O

th
er

 
tre

at
m

en
t a

s 
pe

r W
H

O
-g

ui
de

lin
es

. S
ta

tis
tic

al
 

an
al

ys
is

 s
pe

ci
fie

d

G
re

at
er

 p
ro

po
rt

io
n 

of
 c

hi
ld

re
n 

de
ve

lo
pe

d 
hy

po
na

tra
em

ia
 in

 R
eS

oM
al

 g
ro

up
 (1

5.
4%

 v
s.

 
1.

9%
, p

=
0.

03
)

Ti
m

e 
fo

r a
ch

ie
vi

ng
 re

hy
dr

at
io

n 
w

as
 e

ar
lie

r i
n 

R
eS

oM
al

 g
ro

up
 (1

6.
1 

vs
. 1

9.
6h

, p
=

0.
03

6)
 

M
ed

ia
n 

st
oo

l f
re

qu
en

cy
 s

im
ila

r b
et

w
ee

n 
gr

ou
ps

 

Fr
eq

ue
nc

y 
of

 h
yp

ok
al

ae
m

ia
 s

im
ila

r (
O

R
S 

vs
. 

R
eS

oM
al

, 9
.6

 v
s.

 1
7%

, p
=

0.
25

) 

A
m

ou
nt

 o
f O

R
S 

co
ns

um
ed

 w
as

 lo
w

er
 in

 
R

eS
oM

al
 (p

=
0.

06
) 

B
ot

h 
ha

d 
eq

ua
l n

um
be

r o
f s

uc
ce

ss
fu

l 
re

hy
dr

at
io

n 

N
o 

di
ffe

re
nc

e 
in

 tr
ea

tm
en

t f
ai

lu
re

 (p
=

1.
0)

Page 8 of 20

Wellcome Open Research 2017, 2:66 Last updated: 27 OCT 2017



Table 5. Formulations of ORS used in Included studies.

Modified 
WHO 
ORS&

Hypo-
osmolar 
ORS

Modified 
ReSoMal

Glucose-
ORS

Glucose-
ORS and 
ARS

Rice-
ORS

Hypo-
osmolar 
ORS

Old 
WHO 
ORS

Standard 
(hypo-
osmolar) 
WHO ORS

ReSoMal

Osmolarity 
(mOsm/L)

302 245 300 305 305 215 224 311 245 300

Sodium 
mmol/l

75 75 45 75 75 75 60 90 75 45

Potassium 
Mmol/l

40 20 X 40 40 40 20 20 20 40

Chloride 
Mmol/l

87 X X 87 87 87 50 80 65 76

Glucose 
Mmol/l

90 X X 90 90 0 84 111 75 125

Rice Powder 
g/L

0 0 0 0 0 50 0 0 0 0

ARS*, g/L 0 0 0 0 50 0 0 0 0 0

PHGG# g/L 15 0 0 0 0 0 0 0 0 0

Used in 
study

Alam et al., 
2015 (+/- 
PHGG)

Kumar et al. 2015 Alam et al. 2009 Dutta et al. 2001 Alam et al. 
2000

Alam et al. 
2003 vs 
WHO ORS

*ARS – Amylase-Resistant starch #PHGG – partially hydrolysed guar gum &ORS - Oral rehydration solution - not presented in paper

features of the included studies and their results. Table 5 shows the 
formulations of ORS used in the studies.

Risk of bias
The quality of each of the included studies was assessed for risk 
of bias using the Cochrane collaboration’s tool in order to evaluate 
validity. Four studies had a low risk of bias19–22 and two had low-
moderate risk of bias18,23 due to lack of pre-determined outcomes in 
the methods.

Outcomes
Primary outcome
Hyponatraemia
This outcome was available from four studies. Two of these com-
pared old WHO ORS formulations with hypo-osmolar formula-
tions (Alam et al. 2000 and Dutta et al. 2001). Alam et al. (2000) 
only reported baseline chemistry18; however Dutta et al. (2001) 
found no significant differences in sodium at baseline and recovery, 
with sodium levels remaining within normal limits at recovery for 
both formulations of ORS23. Two studies (Alam et al. 200319 and  
Kumar et al. 201522) compared ReSoMal with old WHO ORS: 
the first (Alam et al. 2003) compared ReSoMal with Old  
WHO ORS and found that 1/64 (2%) in the ORS group developed 
severe hyponatraemia (Na≤120mmol/L) compared to 3/62 (5%) 
children receiving ReSoMal, with one of these three experienc-
ing hyponatraemic seizures (serum sodium 108mmol/L). Serum 
sodium was similar at baseline in both arms (p=0.51), but was lower 
at 24 and 48 hours in ReSoMal group (p<0.01 and p<0.001 respec-
tively). The second (Kumar et al. 2015) compared ReSoMal with 

hypo-osmolar ORS and found that a greater proportion of children 
in the ReSoMal group developed hyponatraemia (15.4% vs. 1.9%, 
p=0.03).

Secondary outcomes
Mortality
This outcome was reported in two studies. Alam et al. (2003)19  
and Alam et al. (2009)20 reported no deaths during the trial  
periods.

Time to rehydration or recovery
Five of the studies reported on time to rehydration. One study  
(Alam et al. 2009)20 found that there was no significant difference 
in time to rehydration (time to attain 80% of weight for length or 
height) between groups. Two studies evaluating old WHO ORS  
versus hypo-osmolar ORS (Alam et al. 200018 and Dutta  
et al. 200123) found that there was a faster recovery (passage of 
2 consecutive formed stools or no diarrhoea for 12 hours) in the  
group receiving hypo-osmolar ORS compared to old WHO ORS  
(36 vs. 53 hours, p=0.001). Alam et al. (2000) reported  
average time to rehydration (though how this was assessed was not 
defined) of 10.95 hours in hypo-osmolar group versus 11.7 hours 
in old WHO-ORS group (p=0.32). Dutta et al. (2001) reported  
faster time to recovery in hypo-osmolar group. Of the two studies  
comparing ReSoMal with WHO ORS (old or hypo-osmolar), 
one study reported shorter time to rehydration in ReSoMal group 
(Kumar et al. 2015)22 (16.1 hours compared with 19.6 hours in 
group receiving hypo-osmolar ORS, p=0.036), whilst the Alam 
et al. (2003) trial reported that the groups were equally well  
rehydrated by both regimes19.
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Stool output
All of the studies reported on stool output, either by measuring 
weight of stools or nappies (Alam et al. 2003, 2009, 2015 and  
Dutta 2015)19–21,23 or recording frequency (Alam et al. 2000 and 
Kumar et al. 2015)18,22. Of the two studies comparing standard 
with hypo-osmolar ORS, both found that the stool output was  
significantly less in the group receiving hypo-osmolar ORS  
(Alam et al. 2000 found that daily stool frequency was 4.27  
compared with 5.86 episodes, p<0.05, and Dutta et al. (2001) 
found that stool output was 52.3 versus 96.6 g/Kg/day, p=0.0001). 
Alam et al. (2009) and (2015) found that stool weight (collected 
in a bucket or in pre-weighed nappies and weighed) was signifi-
cantly less when children received rice-based ORS (compared with 
glucose based ORS) or partially hydrolysed guar gum (PHGG)  
added to ORS (compared with hypo-osmolar ORS). Alam et al. 
(2000) and Kumar et al. (2015) reported that stool frequency was 
similar between the ReSoMal and hypo-osmolar ORS groups.

Frequency of fluid overload
Three studies reported on frequency of fluid overload. Alam  
et al. (2003)19 reported no significant difference in over-hydration  
with each of the three formulations of ORS (defined as >5% weight 
gain after correction of dehydration at any time during the study 
period with any of the following signs: periorbital oedema/puffy 
face, increased heart rate (>160/min) or increased respiration  
(>60/min)). Both Alam et al. (2009)20 and Kumar et al. (2015)22 did 
not report signs of fluid overload.

Oral rehydration failure
This outcome was available with varying definitions from the 5 
studies. Alam et al. (2003)19 and (2015)21 Kumar et al. (2015)22 
reported the number of patients requiring IV fluids after ran-
domisation. There were no significant differences in this outcome  
between groups receiving ORS (hypo-osmolar or old WHO) 
and ReSoMal, nor did addition of PHGG to ORS reduce the 
treatment failure rate). Alam et al. (2009)20 defined failure as  
on-going diarrhoea 7 days after randomisation and found similar  
numbers (one and two patients from the glucose-ORS and  
glucose-ORS plus ARS groups, respectively) in each group. 
Dutta et al. (2001)23 reported the number of patients who failed 
to recover after 5 days and again found no difference between  
groups receiving hypo-osmolar and old WHO ORS.

Discussion
These studies evaluated a number of different combinations of ORS 
formulations, including old WHO ORS (sodium level 90mmol/L), 
standard/current WHO hypo-osmolar ORS (sodium 75mmol/L) 
and ReSoMal (sodium 45mmol/L), with minor variations within the 
composition across studies (PHGG and Amylase-Resistant Starch). 
All studies used conventional definitions for diagnosis of severe 
acute malnutrition, i.e. using WHO or NCHS criteria, and varying 
criteria for assessment of severity of dehydration. All of the study 
interventions were blinded to patients and clinicians except in the 
Kumar et al. (2015)22 and Alam et al. (2009) trials. This is important 
to mention as strength of the design of the trial, since a number of 
the outcomes were subjective, in particular, the secondary outcomes: 
time to rehydration or recovery, frequency of fluid overload and 
treatment failure. However, Kumar et al. (2015) used frequency of  
hyponatraemia as the primary outcome - an objective, quantitative 

outcome. Notably, none of these studies assessed ORS therapy in 
the community, and all the reported studies have been conducted 
in Asia, and in none of the trials were there any case fatalities. Of 
note, none of the trials were conducted in African children, who 
have a much higher mortality rate when SAM is complicated by 
diarrhoea1.

There was no improvement in frequency of hyponatraemia with 
rehydration when comparing current standard WHO hypo-osmolar 
with old WHO ORS. There were no differences in between-group 
rehydration failure rates within any of the studies; no rehydration 
solution demonstrated superiority for this outcome. However, use 
of standard hypo-osmolar ORS appeared to have advantages in 
terms of reduction of stool output, duration of diarrhoea and time to 
rehydration, when compared with old WHO ORS.

Use of ReSoMal, when compared with old WHO ORS and stand-
ard hypo-osmolar WHO ORS resulted in greater proportions of  
children developing or worsening of hyponatraemia after rehy-
dration treatment22. In one study, this was associated with severe 
hyponatraemia in three children and development of hyponat-
raemic seizures in one of these children19. ReSoMal did however 
correct hypokalaemia in a greater proportion of children and in a 
shorter timeframe (serum potassium at 24 hours in ReSoMal group  
4.0 vs. 3.2 in WHO-ORS group, p=0.001)19. ReSoMal also  
shortened time to rehydration in one study comparing ReSoMal 
with hypo-osmolar ORS22.

As noted by one of the reviewers we included in the systematic 
review two trials that compare oral rehydration solutions with  
identical electrolyte contents (thus do not directly address the  
question of electrolyte/osmolarity) but are worthy of specific  
mention. Included in the first trial by Alam et al., 2009 as a  
comparator to standard ORS were two additional arms with 
either amylase-resistant starch or rice added to the glucose  
ORS20. The second trial by Alam et al., 2015 compared hypos-
molar WHO ORS to hyposmolar WHO ORS with added partially  
hydrolysed guar gum)21. The hypothesis being tested in these tri-
als was whether these fermentable carbohydrates, that form short 
chain fatty acids in the colon, could improve gut barrier function 
by providing energy to the colon and improving overall metabolism  
and reduce the duration of diarrhoea. These have the potential 
to reduce overall stool volume and recovery time and could be  
considered as candidates for future trials in African children with 
mortality as a key endpoint.

Unlike the studies reported in Asia, diarrhoea comorbidity in  
African children hospitalised with SAM has a poor prognosis, 
with a case fatality rate of 18–20%1. A large prospective study  
investigating risk factors for mortality in 1206 Kenyan children 
with SAM and diarrhoea at admission to hospital (≥3 watery  
stools/day) showed that both hyponatraemia and hypokalaemia 
were associated with a greater risk of mortality: hyponatraemia  
odds ratio 4.6 (95% CI 2.0,10.6, p<0.001) and hypokalaemia 
odds ratio 2.5 (95% CI 1.3, 4.6, p<0.004)1. Hyponatraemia has 
nearly twice the impact on risk of mortality when compared  
with hypokalaemia; therefore, it would be prudent to place the 
importance of sodium status ahead of potassium. By this deduction,  
there is no clear advantage of ReSoMal over standard or  
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hypo-osmolar rehydration solutions in terms of sodium status.  
Conversely, there are risks of serious harm through development  
of symptomatic hyponatraemia.

These findings highlight the lack of compelling evidence to  
support the current rehydration guidelines for management of  
children with SAM complicated by diarrhoea. Hypo-osmolar  
solutions have no apparent benefit on sodium status, i.e. there is 
no significant difference in numbers with hyponatraemia after 
rehydration, but do have significant improvements on reduction  
of stool volume and frequency, and on duration of diarrhoea.  
It is unclear, however, whether this translates to a survival advan-
tage. Just two of the studies reported on mortality, and no deaths  
were observed in either. The mortality rate in children with  
SAM and diarrhoea in African children is substantially higher  
than reported from the studies included in this review. It would 
therefore be useful to conduct similar trials in children in the  
African continent.

Reappraisal of current guidelines
The WHO reviewed the guidelines for management of SAM 
in 2013 and identified five papers (four of which have been 
included in this review). The review discusses evidence presented 
by the papers and, despite universally ‘low quality of evidence’,  
continues to make ‘strong recommendations’: choosing only 
to amend the SAM management guidelines to allow the use of  
hypo-osmolar ORS and advise that ‘either ReSoMal OR half 
strength standard WHO low-osmolarity oral rehydration solution 
with added potassium and glucose should be given’ to children  
with some or severe dehydration. The review also emphasises 
that ReSoMal ‘should not be given if children are suspected of  
having cholera or profuse watery diarrhoea’.

Application of guidelines
In practice, according to the WHO guidelines for management 
of children with SAM and diarrhoea, after the first two hours  
ReSoMal should be alternated hourly with F75, a specialised  
feeding formula for children with SAM (see Table 1). These 
are largely based on expert opinion and not on experimental  
evidence. The rehydration guidelines do not offer a pragmatic  

or evidence based approach to management of children with  
SAM complicated by dehydration and they are open to wide  
interpretation and misuse. Furthermore, for undernourished children  
with severe dehydration (equivalent of 10% or more loss  
of body weight), up to 20% of children hospitalised with gas-
troenteritis fulfil SAM anthropometric criteria for SAM  
(MUAC <11.5cm or WHZ <-3SD), but following rehydration 
they are reclassified as undernourished. Thus, the current recom-
mendations have much wider implications with many ineligible  
children receiving potentially harmful low sodium rehydration 
solutions24.

Conclusions
The available evidence for management of children with SAM 
and dehydration is limited and does not lend support to the WHO 
guidelines. There are arguments to support the use of hypo- 
osmolar ORS in children with SAM, but the currently recom-
mended ReSoMal exposes children with SAM to risk of severe 
hyponatraemia. Further research should evaluate use of standard 
hypo-osmolar ORS in children with SAM, and assess optimal 
rates of rehydration in order to construct evidence based pragmatic 
guidelines that are designed for the context in which they will 
be used. In particular, it would be useful to conduct research in  
sub-Saharan Africa, given that none of the available evidence  
relates to this population.
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Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg, Denmark

This version of the manuscript is improved compared to the previous one and the author did take into
acount the points I made.

Two few minor points need correction:

a) In the discussion, the authors say:

All of the study interventions were blinded to patients and clinicians except in the Kumar et al. (2015) trial.

The study by Alam et al (2009) was not blinded either. See the following sentence in the method section
of this paper.

“The treatment could not be blinded to the people involved in the study because of visible differences in
the ORS solutions”.

Table 3 describes the same study as double blinded. .This should be corrected as well.

b) Further in the discussion the authors say:

“However, Kumar et al. (2015) used frequency of hyponatraemia as the primary outcome - an objective,
qualitative outcome”.

Do they mean – an objective quantitative outcome?”

 No competing interests were disclosed.Competing Interests:

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Author Response 23 Oct 2017
, KEMRI-Wellcome Trust Research Programme,, KenyaKathryn Maitland
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Thank you Professor Briend. We have made the suggested changes and have submitted the
revised version (3). 

 No competing interests declaredCompeting Interests:

Version 1

 04 September 2017Referee Report

doi:10.21956/wellcomeopenres.13380.r25181

   Maren Johanne Heilskov Rytter
Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg, Denmark

Comments to the authors:
 
This is an welcome, interesting and well-written review illustrating the sparse evidence underlying the
current WHO recommendations for rehydration in children with SAM (as other treatments for SAM!), and
points to important future studies to be done.
 
General comments:
 
The fact that no children died in the reviewed studies illustrates that the study population of Asian children
is very different from the population of interest mentioned in the introduction (children with SAM and
diarrhoea in Africa, with high mortality).  This issue is discussed, but in addition to the differences already
mentioned, it may be relevant to mention that Asian children more frequently have marasmus and less
frequently kwashiorkor. Cholera is also likely to be more frequent in Asia (requiring higher Na in
rehydration fluids), and HIV is less prevalent. This is likely to make SAM+ diarrhoea a totally different
disease complex in African than in Asian children. This does not make the review less relevant, but
underlines the conclusion that we know very little about what we do when treating very sick children.
 
It may be informative to explain the history of development of ReSoMal, “Standard-WHO-ORS” and
“low-osmolarity ORS” (now endorsed by WHO, and therefore by most health staff considered Standard
ORS), which (at least to me) has been a little confusing:
 
Standard ORS was mainly developed to treat cholera in the first place, and therefore had a relatively high
Na content.
ReSoMal was developed at a time when this high-Na ORS was used, due to  (theoretical) concerns about
malnutrition being prone to Na retention, greater K deficit and higher risk of hypoglycaemia in children
with SAM (particularly in oedematous children), but as emphasised it was never formally tested whether it
was indeed better.
Low-osmolar ORS was developed to reduce the intensity of diarrhoea in children, and has been shown to
be successful in that respect  (see  ) (although probablyhttps://www.ncbi.nlm.nih.gov/pubmed/11869639
less appropriate for children with cholera, in whom Na loss is higher), and in most parts of the world
low-osmolar ORS is now standard treatment for children with diarrhoea (and no malnutrition).
This means that the ORS used for normal children is now closer in composition to ReSoMal regarding Na
content than when this was developed. Notably, it also means that the osmolarity of ReSoMal is now 

 than the ORS used for well nourished children,potentially increasing stool output in already veryhigher
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 than the ORS used for well nourished children,potentially increasing stool output in already veryhigher
vulnerable children.
 
Another very practical problem with ReSoMal is what to do when ReSoMal is not available, which is the
case for many primary care health facilities. Well-trained health staff will have learned that ORS should
NEVER be given to malnourished children. Even though the WHO protocol has a recipe for ReSoMal
made from ORS (including addition of potassium) my guess is that this “barrier of complication” makes
necessary rehydration therapy unavailable for many children with SAM and dehydration seen in primary
care.
 
As highlighted by the authors the evidence base underlying WHOs guidelines for SAM is generally poor,
with few RCTs and a lot of expert opinion and pathophysiologic speculations. Some of the least poor
evidence is  (in my opinion) is a from semi-observational studies where outcomes were compared in
hospital facilities before and after implementation of a protocolised treatment package with some
elements similar to the WHO guidelines. One of these, a study from Bangladesh compared outcomes
before and after implementation of a treatment protocol for children with diarrhoea and SAM including
early milk feeding, empiric antibiotics, emphasis on oral rehydration and slower initial rehydration. They
found that children given protocolised treatment had almost half the risk of dying compared to children
treated before the protocol was implemented. I know that your inclusion criteria was limited to RCTs, and
therefore this study is not eligible, but it may be worthwhile to include in the discussion. Worth noting is
that the rehydration solution used in both periods contained 90 mmol/l of sodium, higher than currently
used low-osmolarity ORS, indication that good improvements in outcome can be obtained by relevant
interventions while still giving higher sodium ORS than suggested by WHO guidelines. See 

  .https://www.ncbi.nlm.nih.gov/pubmed/10371570
 
A quick search for experimental /laboratory/animal study data supporting the “well-established fact” that
children with malnutrition have tendency to Na retention. Except for children with kwashiorkor (in whom
this tendency is very obvious) I haven’t found any, which was a bit of a surprise (although I must admit that
my search may not have been extensive enough). I wonder if it would be worthwhile to ask the people
who wrote the WHO manual if they knew of laboratory or experimental data supporting the idea of Na and
fluid retention (in non-oedematous children)?
 
I am a bit puzzled about the choice of primary outcome: The most important outcome should be mortality,
or something else of direct clinical relevance (like: clinical deterioration, convulsions, failure of oral
therapy ect). It is of course also relevant to report other outcomes (like laboratory tests), bearing in mind
that these are always surrogate markers for relevant health outcomes. Other similar outcomes to report
could be hypo-kalemia, and hypo-glycemia (if these were reported by any studies). Even though they (as
argued) may not have equal clinical significance, they should be reported in the result section and not in
the discussion (as hypo-kalemia is now).
 
The studies associating hyponatremia with mortality are from Africa; and the included studies finding
development of hyponatremia with rehydration are from Asia, where hyponatremia does not seem be
associated with mortality (see for example: Chisti  Predictors of death in under-five children with et al:
diarrhoea admitted to a critical care ward in an urban hospital in Bangladesh, Acta Paediatrica 2011  ). So
the suggested evidence for a causal links between low-sodium rehydration and mortality is indirect and a
bit weak weak… The causes for developing hyponatriemia in African children may be different from the
causes of hyponatremia in Asian children. Also, I am not sure that hyponatremia was neccesarily a cause
of death in the African children, although associated with mortality, but a sign of severe disease. It is
possible that correcting their hyponatriemia would not make their prognosis better, but simply be

“biochemical make-up”. Similarly, iatrogenic hyponatremia (although probably not a good thing) may not
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“biochemical make-up”. Similarly, iatrogenic hyponatremia (although probably not a good thing) may not
be caused by the same mechanisms as admission hyponatremia. Your concerns about hyponatremia is
relevant, but maybe the weakness of surrogate markers should be discussed. The conclusion being be
that a randomised trial among those who need better treatment the most is urgently needed. And with the
high current mortality it is neccesary and realistic to use mortality as an outcome.
 
Specific points:

Page 3, first paragraph:  It is not clear where the exact numbers come from:  49% with diarrhoea, 16%
developing diarrhoea when admitted, mortality of 9% and 19%. It looks like they are derived from a
specific study, but which one? Or are they averages from the four studies referenced? In any case I would
not be so specific, but rather state that “..diarrhoea complicates around half of admissions for SAM…”
 
It would be helpful if the sodium contents of the different solutions could be incorporated into table 3
(although they are given in table 5), to appreciate the comparison.
 
Fluid therapy seems particularly tricky in children with oedema, and clinicians have varying approaches to
this. In spite of this, the WHO protocol does not differentiate fluid therapy to oedematous and
non-oedematous children, and is not very clear about diagnosing dehydration in these (overhydrated)
children. It seems plausible that oedematous and non-oedematous children could require different
strategies, but of course there is no evidence for this. In order to make this more clear future studies
should report results separately for oedematous and non-oedematous children, and test any effect for
interaction with oedema. Although I am aware that your included studies did not do this, it would be
helpful if table 3 could specify how many children had oedematous malnutrition in each study?
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 André Briend
Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg, Denmark

This is an important critical review of the evidence supporting the current WHO recommendation of using
a low sodium high potassium solution (Resomal, 45 mmoles Na, 40 mmoles K) in children with diarrhoea
and severe malnutrition. The paper is correct in highlighting that the strength of this evidence is very low,
as acknowledged in the quoted 2013 WHO document. The conclusion of the paper, namely that a
randomized study comparing the outcome of children treated with current low osmolarity WHO ORS and
Resomal seems warranted. It could be argued however that with two randomised high quality studies
suggesting that Resomal increases the risk of hyponatremia, and none showing a clear benefit beyond
better correction of hypokalaemia, a change of recommendation could already be considered. It could be
recommended to test the current low osmolarity WHO ORS with added potassium (as in the Alam et al
2009 study ) vs. resomal.
 
The paper has a clear focus on electrolyte disorders of children with diarrhoea and especially on the risk
of hyponatraemia in relation to the sodium content of the rehydration solution. This is fine but in this case,
one wonders whether two papers now included in the evidence base should not be excluded, namely the
Alam 2009  and Alam 2015 papers . These two papers compare oral rehydration solutions with identical
electrolyte content, and are not really relevant to the hypothesis discussed here. These two papers
describe an attempt to decrease stool output and to improve nutritional recovery by the addition of
ingredients (resistant starch or PHGG) acting as soluble fibres. The idea is that these ingredients will not
be digested in the upper gut and will be fermented in the colon to form short chain fatty acids which
provide some energy to the colon and overall metabolism and may reduce the duration of diarrhoea and
help to improve nutritional recovery. Their main outcome is duration of diarrhoea and their secondary
outcome is time to nutritional recovery which is quite different from recovery from dehydration or
correction of electrolyte disorders. I would be in favour of removing these two studies from the evidence
base. This would leave a clearer message, namely that ORS with 75 mmoles/L of sodium does not
increase risk of hyponatraemia compared with ORS with 90 mmoles/L whereas hyponatraemia seems to
be a problem when sodium is as low as 45 mmoles/L as in Resomal.

If the authors want to keep these two Alam . studies, they should broaden the discussion beyond et al

electrolyte composition and discuss the evidence suggesting that some soluble fibres should be added as
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electrolyte composition and discuss the evidence suggesting that some soluble fibres should be added as
ingredient to the oral rehydration solutions.
 
The statement that there is no data on the risk of sodium overload in children suffering from severe
malnutrition needs qualification. The current concern is based on an old paper from Uganda reporting an
excess of heart failure in children receiving a high energy milk to which sodium was added, apparently to
improve acceptability (See: Wharton   1967 ). It can be argued that the quantity of sodium given toet al.,
these children was presumably higher than those receiving low osmolarity ORS, also that these children
received this high sodium milk for much longer that ORS is given, and also they had a high sodium intake
in absence of diarrhoea, which means these findings cannot be extrapolated to children with diarrhoea,
but this paper should be quoted. Also, there are observations suggesting that even Resomal given
liberally to children in absence of diarrhoea can lead to an excess mortality due to heart failure which
could be due to excessive sodium intake (See: Grellety Y, 2000  ). Arguably, this is again low quality
evidence in favour of using low sodium rehydration solution in case of diarrhoea, but this should be
mentioned as well.
  
Minor comments
 
The term “standard ORS” to refer to the old WHO solution (with 90 mmoles Na/L) is confusing, as this
solution is no more recommended and the “low osmolarity ORS (Na 75 mmoles/L) is now the WHO
standard. Choose another term avoiding the confusion, maybe just “old WHO ORS with 90 mmoles/L Na”.
 
Abstract:
 
Resomal contains 40 mmoles /L of potassium, not 20.
 
Discussion:
 
The authors say:
 
“ReSoMal also shortened time to rehydration in one study comparing ReSoMal with hypo-osmolar  ORS”.

Reference?
 
“Unlike the studies reported in Asia, diarrhoea comorbidity in children hospitalised with SAM has a poor
prognosis, with a case fatality rate of 18–20%.”
 
Clarify. Do you mean in Africa ?
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include
 
1/ Clearer indication of Old WHO ORS and Standard (hyposmolar) ORS which is currently being given;
these have been changed in the manuscript and the titles of the tables.
 
2/ Included a section in the paper that explains the history of the Old WHO ORS and current Standard
WHO ORS; and included and reported the references to the Cochrane review on ORS types. (Under the
section headed Types of Oral Rehydration Solutions)

3/ Added and discussed the two references suggested by Professor Briend to the additional paper/thesis
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3/ Added and discussed the two references suggested by Professor Briend to the additional paper/thesis
he suggested (Wharton and Grellety) 
 
4/ Included a section in the paper that discussed the two trials that were included on the overall review,
that highlights that we included in the systematic review two trials that compared compare oral rehydration
solutions with identical electrolyte content (thus do not directly address the question of
electrolyte/osmolarity) but are worthy of specific mention.  And detail the two trials and conclude that these
have the potential to reduce overall stool volume and recovery time and could be considered as
candidates for future trials in African children with mortality as a key endpoint. 
 
5/ We chose to use sodium and time to rehydration/length of diarrhoea as our major endpoints since none
of the Asian studies reported any mortalities. We were unsure of how many children had kwashiorkor as
these were not reported in most of the trials.
 
We have made the corrections noted by Prof Briend and included relevant references where missing or
more specific reference at the beginning reporting mortality (from one paper).
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