
A

R
m

P
P
a

b

c

d

e

f

g

h

i

a

A
R
A
A

K
A
C
E
M
I
O

1

1

u
h
c
d
r

L
T

1
d

Digestive and Liver Disease 43 (2011) 707– 713

Contents lists available at ScienceDirect

Digestive  and  Liver  Disease

j our nal ho me  page: www.elsev ier .com/ locate /d ld

limentary  Tract

acecadotril  for  childhood  gastroenteritis:  an  individual  patient  data
eta-analysis

hilippe  Leherta,b,∗, Gérard  Chéronc,  Guillermo  Alvarez  Calatayudd, Jean-Pierre  Cézarde,
edro  Gutierrez  Castrellónf,  José-Manuel  Meléndez  Garciag,  Mar  Santosh,  M.R.  Savitha i

Statistics Department, Faculty of Economics, FUCAM, Louvain Academy, Belgium
Faculty of Medicine, Department of Community Health, University of Melbourne, Australia
Emergency Department, Hospital Necker Enfants Malades, Paris, France
Jorge Juan, 2, 6. 9. 28700 San Sebastian de los Reyes, Madrid, Spain
Gastroenterology and Nutrition Paediatric Unit, Hospital Robert Debré 48, Paris, France
Diarrhoeal Disease Research Unit of the National Pediatrics Institute, Mexico City, Mexico
Universidad Francisco Marroquin, Facultad de Medicina San Juan Sacatepéquez, Guatemala
Hospital General Universitario Gregorio Marañón, Department of Pediatrics, Madrid, Spain
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Background:  Racecadotril  is an  antidiarrhoeal  drug  with  intestinal  antisecretory  mechanism  of  action.
Aim: To assess  racecadotril  efficacy  as  an  adjunct  to  oral  rehydration  solution,  against  oral rehydration
solution  alone  or with  placebo  in childhood  acute  gastroenteritis.
Methods:  Individual  patient  data  meta-analysis  following  multilevel  mixed  models  testing  the signifi-
cance  of  the  treatment  effect  adjusted  for baseline  covariates.
Results:  Nine  randomised  clinical  trials  (n =  1384)  were  identified  with  raw  data.  Baseline  dehydration
level  and  Rotavirus  were  found  as  two  essential  predictors  influencing  the  outcomes.  The proportion  of
recovered  patients  was  higher  in  racecadotril  groups  compared  with  placebo,  Hazard  Ratio  HR  =  2.04,
eta-analysis
ndividual Patient raw Data
ral rehydration solution

95% CI  (1.85;  2.32),  p <  0.001.  For  inpatient  studies,  the ratio  of  mean  stool  output  racecadotril/placebo
was  0.59  (0.51;  0.74),  p  <  0.001.  For  outpatient  studies,  the  ratio of the  mean  number  of  diarrhoeic  stools
racecadotril/placebo  was  0.63  (0.51;  0.74),  p  < 0.001.
Conclusion:  Dehydration  level  and  Rotavirus  at baseline  are essential  adjustments  to  compare  treat-
ments.  As  an  adjunct  to oral  rehydration  solution,  racecadotril  has  a clinically  relevant  effect  in  reducing
diarrhoea  (duration,  stool  output  and  stool  number),  irrespective  of  baseline  conditions  (dehydration,

ent  co
 Gast
Rotavirus  or  age),  treatm
© 2011 Editrice

. Introduction

.1. Rationale

Acute gastroenteritis (AGE) is a very common disorder, partic-
larly in emerging countries, where it constitutes one of the major
ealth complications for infants and young children. Amongst the

auses of death in children under five in the world, diarrhoeal
iseases are still the second cause with 16%, just after the acute
espiratory infections [1].

∗ Corresponding author at: Statistics Department, Faculty of Economics, FUCAM,
ouvain Academy, 151 Chaussée de Binche, 7000 Mons, Belgium.
el.: +33 04 92 09 82 42.

E-mail addresses: philippe.lehert@gmail.com, lehert.ph@gmail.com (P. Lehert).

590-8658/$36.00 ©  2011 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier
oi:10.1016/j.dld.2011.03.001
nditions  (inpatient  or outpatient  studies)  or  cultural  environment.
roenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

Oral rehydration solution is the cornerstone of AGE therapy to
prevent and cure dehydration that dominates the prognosis, fol-
lowing miscellaneous guidelines [2–8]. In addition to this standard
reference therapy, an adjuvant medication might prove useful inso-
far as it is safe and reduces dehydration duration and accelerates
return to normal state. The efficacy of these adjuncts in combi-
nation with oral rehydration solution has been recently studied:
probiotics [9,10] such as lactobacilli or some yeasts (Saccharomyces
boulardii), smectite [11] and racecadotril [12].

Racecadotril prolongs endogenous enkephalin action by inhibit-
ing enkephalinase at the intestinal level, and thus, increases their
intestinal antihypersecretory effect [13–15].  Its efficacy in infants

and children suffering from AGE has been assessed in various clin-
ical randomised trials (RCTs) [16–25].

These trials differed in duration, selection of efficacy end-
points, and were conducted in different countries with various
cultural contexts. Systematic reviews were reported in recent years

 Ltd. All rights reserved.
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2.4. Risk of bias in individual studies
ig. 1. Results of individual studies and meta-analysis on responder proportion. Res
eans  adjusted for baseline conditions (Rotavirus, dehydration).

12,26–31].  However, (a) these reviews only included a small part
f existing trials, (b) the treatment effect was estimated by meta-
nalyses from literature (MAL) in pooling different endpoints, such
s duration of diarrhoea, symptoms sum scores, and stool output
nto unitless effect size obscuring the clinical interpretation, (c)
he suspected strong influence of baseline conditions (dehydration
evel, Rotavirus, etc.) was never investigated. The treatment overall
fficacy was never adjusted for these variables and whether effi-
acy remains constant depending on baseline conditions was  never
uestioned [32,33].

.2. Objectives

We evaluated the effectiveness of racecadotril compared with
lacebo in collecting the largest number of trials and taking advan-
age of Individual Patient raw Data (IPD) in four main purposes: (a)
o homogenise the calculation of the studied endpoints with the
ame definition across trials, (b) to identify the baseline predictors
f oral rehydration solution therapy response out of consideration
f treatment, (c) to assess the overall racecadotril + oral rehydration
olution efficacy compared with oral rehydration solution alone,
n adjusting for relevant baseline conditions, and (d) testing the
nvariance of this efficacy to baseline severity conditions and pos-
ible responder sub-groups. Racecadotril safety was  investigated
lsewhere [34] and not of concern in this work.

. Methods

.1. Eligibility criteria

We  included all the RCTs where at least racecadotril and placebo
ere randomised, without restriction on language or publication,

nd characterised by an acceptable methodological quality (defined
s a Chalmers Score [37] >50).

Participants: Infants and children, from 1 month to 15 years old,
ale or female, of any ethnic group, suffering from AGE, whatever

he presumed origin.
Interventions: Oral rehydration solution in combination with

acecadotril sachets, whatever dosage or duration treatment and
ehavioural intervention.

Comparisons: Oral rehydration solution alone or with placebo or
quivalent (in particular, kaolin-pectin).

Outcomes:  the duration of diarrhoea and number of diarrhoeic

tools were calculated on the period between the first drug intake
nd the last unformed stool before recovery. Recovery was  defined
y the occurrence of two  consecutive formed stools or no stool
or 12 h. Diarrhoea duration expected to be documented for all
he studies, constituted our first main endpoint. As inpatient and
ers defined as patients with a short diarrhoea duration (less than 2 days). Summary

outpatients generally involve different measurements, stool out-
put during the first 48 h and the total number of diarrhoeic stools
until recovery were the two  other endpoints specific to inpatient
and outpatient trials, respectively.

2.2. Information sources, search, and study selection

Studies up to December 31st, 2010 were identified from elec-
tronic search and manufacturer information (see Appendix A).

2.3. Data collection process and data items

The different steps of data extraction were acquisition, checking,
updating and file constitution. A pre-project consisted in a careful
review of each study case report form (CRF).

All the randomised patients excluded from the original analysis
and not contained in the existing data base (for instance when trials
was analysed on a per protocol basis), were added from original
CRFs.

When necessary, contact was  established with the authors to
discuss on reliability on some data and missing values, any change
from original data decided with agreement of local authors.

We identified the available variables:

) Baseline: Study centre, country, treatment, age, gender, height,
weight, body mass index (BMI, kg/m2), diarrhoea duration before
inclusion (hours), body temperature (◦C), dehydration level in
three categories according to WHO  classification [2],  pathogens
detected in stools (Rotavirus, bacteria), number of diarrhoeic
stools in the last 24 h before onset of treatment, stool output
during the 4 first hours before treatment onset.

) Follow-up:  Duration of follow up, duration of medication, and
end of trial status. Some patients were expected to interrupt
the trial prematurely. The exact reason for this interruption was
needed to associate a patient with therapy failure or success.

c) Endpoints:  Diarrhoea duration (six out of the nine studies)
was  previously defined. For inpatient studies, stool output was
recorded every 4 h for 48 h at least. For outpatient studies, the
number of diarrhoeic stools was recorded from patient self-
forms.
The methodological quality of each study was  assessed using
Chalmers scale [37]. Sequence generation and allocation conceal-
ment were carefully studied, as well as the adequacy of blinding
and handling of incomplete outcome data (cf. Appendix A).
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Table 1
Characteristics of included studies.

Number Studya Year Country Sponsor Allocation
concealment

Blinding ITT Completeness
to follow-up

Age
(months)

Category
patients

Duration End point Chalmers

1 Cezard 2001 France Y Adequateb Y Y 168/172 3–48 In ≤5 days SO48 73
2  Salazar Lindo 2000 Peru Y Adequate Y Y 135/135 3–35 In ≤5 days SO48 75
3  Savitha 2006 India N Unknown Y Y 60/60 3–60 In ≤5 days DD & ORS 71
4  Cojocaru (Cheron) 2002 France N No

(alternative)
N Y 164/164 3–36 Out ≤7 days NME  75

5  Santos (Sánchez) 2006 Spain (n) Adequate N Y 137 on D2
103 on D7

3–36 Out ≤7 days NDS 54

6 Alvarez Calatayud 2009 Spain (n) No N Y 148 3–36 Out ≤7 days NDS 52

7
Gutiérrez-Castrellón 2008 Mexico (n) Unknown

Y  Y 247/270 1–24 In ≤5 days SO + need rehydration 77
8 Y  Y 184/184 1–60 Out ≤5 days NDS 72

9  Melendez Garcia 2007 Guatemala N Randomised N Y 50/50 3–71 Out ≤5 days NDS 71

Inclusion criteria were common: at least 3 watery (or diarrhoeic) stools during the last 24 h before inclusion.
Termination of diarrhoea had the same definition: occurrence of two consecutive formed stools or 12 h without any bowel movement.
Dosage of racecadotril was  common, in agreement with SPC: 1.5 mg/kg tid,  except for study 9 with unprecised dosage.
Size,  efficacy/safety analysed populations.
DD, diarrhoea duration.
NME, number of medical exams during the week after starting treatment.
ITT, intention-to-treat analysis.
SO48, stool output during the first 48 h.
ORS, oral rehydration solution.
NDS, total number of diarrhoeic stools.

a Paediatric studies designed by the first author of publication (main investigator, if different). Sponsored (Y) or not (N). (n) when the sponsor provided study drugs with unrestricted grant without any involvement in the
collection,  analysis or interpretation of data.

b According to the protocol (including more details than Cezard’s publication) with randomisation table, sex stratification.
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Table 2
Excluded studies.

Study Year Country Sponsor Study design & reason for exclusion Size

Turck 1999 France Y RCT vs loperamide 52/50
Debbabia 1995 Tunisie Y Open, pharmacokinetic, no control group 10
Ben  Bechera 2000 Tunisie Y RCT, pharmacokinetic, vs dexecadotril 12/13
Amil  Diasb 2008 Portugal N Open, non-randomised, observational, vs ORS alone 79/67
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Chacón [24] 2008 Venezuela N 

RS: oral rehydration solution. Paediatric studies, sponsored (Y) or not (N).
a Unpublished studies (data from Bioprojet Pharma) – adult studies were not inc
b Amil Dias J. Racecadotril in acute diarrhoea – Multicentre Observational Study. 

.5. Statistical techniques

For stool output and the number of diarrhoeic stools, we used
 specific IPD two-level multilevel model (patient/trial), by con-
idering random treatment effect, fixed study effect, and adjusting
or baseline predictors selected following a backward strategy [38].
iarrhoea duration was compared in estimating Hazard Ratios by
ox Proportional Hazards model stratifying on study [39].

. Results

.1. Study selection

We  found a total of 69 documents relating nine distinct RCTs
Table 1). RCTs were based placebo controlled [16–18,22],  excepted
ojocaru et al. [19] and Melendez Garcia and Rodriguez [23] (using
aolin-pectin as control treatment), and Santos et al. [20] and
lvarez-Calatayud et al. [21] (oral rehydration solution alone). The
xcluded (essentially observational) studies are listed in Table 2.
he raw data were found available for all selected trials, and all the
uthors agreed to collaborate to data management update.

.2. Study characteristics

The nine RCTs were compared by sample size, study dura-
ion, selection criteria, visit intervals, and study outcome measures
Table 1). Although, the internal validity summarised by Chalmers
core was acceptable for all the trials, Alvarez-Calatayud study [21]

aised concerns on randomisation/selection, and Santos study [20]
as characterised by an important number of missing patients

27%). In conformity with our eligibility criteria, we  included the
ine trials in the main selection, and the subset of studies in exclud-

ng the two latter studies was used for sensitivity purposes.

able 3
aseline values of each study.

First author (main
investigator)

Placeboa RCa Totalb Agec IQc Genderd

Cezard 83 89 172 11 [6, 16] 0.41 

Salazar-Lindo 67 68 135 11 [8, 17] 0 

Savitha  30 30 60 12 [9, 18] 0.38 

Cojocaru (Cheron) 83 81 164 10 [7, 15] 0.57 

Santos (Sanchez) 91 88 179 12 [7, 18] 0.42 

Alvarez-Calatayud 86 84 170 15 [8, 24] 0.46 

Gutierrez-1 135 135 270 12 [11, 13] 0 

Melendez Garcia 25 25 50 32 [16, 39] 0.46 

Gutierrez-2 92 92 184 18 [14, 21] 0.49 

Overall 692 692 1384 12 [9, 19] 0.33 

a Number of patients for the placebo and racecadotril (RC) groups.
b Total sample of the study.
c Median age (months) and Interquartile IQ Range.
d Proportion of female children.
e Mean weight (kg).
f Mean duration of diarrhoea (h) before inclusion.
g Mean of dehydration in three categories according to WHO  classification [2].
h Proportion of patients with Rotavirus (except for Cojocaru’ study: percentage of path
i Number of Diarrhoeic stools during the day before baseline.
j Stool output at baseline (gr).
Open, one group, observational 3679

.
HAN 3, Iguazu, August 2008:P0297 [Abstract].

In total, 1384 patients were available. The sample size found
for each study was identical with the published results, except for
Santos and Alvarez-Calatayud studies for which we added patients
randomised but lost to follow up and we  associated them as ther-
apy failure. The analyses were carried out both on this intention to
treat population but also in using the same sample size as analysed
in the original papers (n = 1358). Each study was found compara-
ble between treatment groups (Table 3). Outcome: 1238 (89.5%)
of the patients terminated on time, 22 patients (1.6%) interrupted
for adverse event, 21 patients (1.6%) for concomitant illness not
related with diarrhoea, 37 (2.7%) for aggravation or hospitalisation,
40 patients (2.9%) for parental refusal to continue, and 26 (1.9%)
were lost to follow up. No difference between treatment groups
was found except for aggravation/hospitalisation (3.6% and 1.7%
for placebo and racecadotril groups, respectively, p = 0.029).

The median age of 12 months was  similar for all the stud-
ies except higher value for Melendez study. Salazar-Lindo and
Gutierrez-Castrellon only considered male children. Weight was
comparable between treatment groups and between studies,
except slightly higher value in the Melendez study. Rotavirus and
pathogens were documented in all the studies, except for Cojocaru,
where pathogens were only tested for children with stool con-
taining blood. Inpatients studies (Cezard, Salazar-Lindo, Savitha,
Gutierrez-1) were characterised by a higher baseline dehydration
level than outpatient studies (Cojocaru, Santos, Alvarez-Calatayud,
Melendez-Garcia, Gutierrez-2). The number of stools at pre-trial
times (Table 3) did not show differences.
3.3. Synthesis of individual patient data results

The median values for the three endpoints are descriptively
reported for each treatment group, separated between Rotavirus
and dehydration categories (Table 4).

Weighte Durationf Dehydrationg Rotavirush NDSi Stool
outputj

8.99 43.25 1.16 0.39 6.35 361
8.81 50.40 0.68 0.54 9.05 761
7.42 71.60 0.78 0.68 9.33 1145
9.04 40.74 0.46 0.10 8.30
9.70 74.68 0.23 0.49 7.49

10.57 0.57 0.45 8.40
10.92 22.63 1.61 0.54 9.73 949
12.13 50.08 0.80 0.64 10.08 1920
12.18 14.96 0.86 0.49 5.18
10.11 41.13 0.86 0.46 8.01 853

ogens – only tested for children with bloody stool).
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Table 4
Three endpoints for dehydration categories, Rotavirus presence/absence, and placebo vs racecadotril (RC).

No Rotavirus Rotavirus

Dehydration categories: Mild Moderate Severe Mild Moderate Severe

Diarrhoea duration (days)a Placebo 1.2 ±0.7 2.1 ±1.0 2.2 ±0.7 2.1 ±1.0 2.8 ±1.3 3.7 ±0.8
RC  0.9 ±0.5 1.7 ±1.3 1.4 ±0.4 0.9 ±0.9 1.9 ±1.1 2.4 ±0.8

Number of
diarrhoeic stoolsa

Placebo 8.8 ±4.4 9.2 ±4.0 10.1 ±3.0 10.7 ±5.4 11.8 ±5.3 11.0 ±4.9
RC 6.5 ±4.0 5.5 ±4.5 13.0 ±6.1 8.9 ±5.9 5.7 ±4.3 8.4 ±7.3

Stool  Output (kg)a Placebo 0.35 ±0.31 0.81 ±0.63 1.02 ±0.54 0.95 ±0.59 1.34 ±0.88 1.64 ±1.36
RC  0.35 ±0.21 0.48 ±0.44 0.62 ±0.45 0.48 ±0.49 0.81 ±0.61 0.75 ±0.53

a Median (± Interquartile). From the beginning of the treatment.

Table 5
Summary of individual patient data statistical models.

DDan = 1384, HR (95% CI) SObn = 637, GMR  (95% CI) NDScn = 695, RR (95% CI)

Baseline NDS – – 1.04 (1.01; 1.09)
Rotavirus 0.73 (0.64; 0.83) 1.42 (1.23; 1.65) 1.22 (1.15; 1.30)
Dehydration level 0.87 (0.78; 0.97) 1.57 (1.36; 1.80) –
Treatment 2.04 (1.85; 2.32) 0.59 (0.51; 0.74) 0.63 (0.51; 0.74)

All mentioned effects with p < 0.001 level.
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a Duration of diarrhoea (DD) was studied by Cox Proportional Hazards regression
b Stool output (SO): Logtransformed SO was analysed by two level mixed Linear

ver  placebo (PL) is 0.59 (or 41% less SO on RC group compared with PL) and SO me
c Total number of diarrhoeic stools (NDS) was analysed by a generalised mixed m

.3.1. Duration of diarrhoea
Diarrhoea duration before inclusion (Table 3) was not differ-

nt within placebo group (41.76 ± 38.61 h) and racecadotril group
40.50 ± 56.72). The overall median diarrhoea duration after inclu-
ion was 2.17 days, with 2.81 and 1.75 days for placebo and
acecadotril, respectively. The highly significant predictors were
ehydration level (HR = 0.87/dehydration level, or 13% less healed
atients per level), and Rotavirus (HR = 0.73) (Table 5, p < 0.001).
ore than two times more patients recovered at any time in

acecadotril compared with placebo (HR = 2.04, [1.85 to 2.32],
 < 0.001). No significant interaction (all p values >0.25) were found
etween treatment and dehydration, Rotavirus or type of study
inpatient/outpatient) or country (European countries opposed to
ther). Results were very similar for infants (<1 year) (HR = 2.01,
1.71 to 2.36], n = 714, p < 0.001) and toddlers (>1 year) (HR = 2.16,

 = 670, [1.83 to 2.57], p < 0.001). The heterogeneity amongst stud-
es was small (I2 = 0.28).

.3.2. Stool output
Stool output was only available on inpatient studies (n = 637).

he significant predictors were similar to diarrhoea duration model
Table 5). The mean ratio racecadotril/placebo was  0.59 [0.51 to
.74], p < 0.001. Interactions between treatment and Rotavirus,
ehydration level were not significant, and few between-study het-
rogeneity was found (I2 = 31).

.3.3. Number of diarrhoeic stools
Number of diarrhoeic stools was documented for all the out-

atient studies (n = 695). The significant predictors were number
f diarrhoeic stools during the day before treatment and Rotavirus
nfection. The mean ratio racecadotril/placebo was 0.63 [0.47 to
.85], p < 0.001 (Table 5), without significant between study het-
rogeneity (I2 = 0.26).

.4. Risk of bias across studies
A test on the linear regression coefficient between effect sizes
nd their standard error did not provide suspicion on publication
ias (p = 0.456). No significant decrease of odds ratio was observed
ith year of publication, between trials sponsored by the industry
rmination R2 = 0.554, Hazard Ratios (HR) reported).
l (determination R2 = 0.234). The geometric mean ratio (GMR) of racecadotril (RC)
patients with Rotavirus is 42% higher compared with patients without Rotavirus.
assuming Poisson distribution (R2 = 0.312), with a mean ratio NDSRC/NDSPL of 0.63.

and investigator initiated, or between published and unpublished
trials.

3.5. Additional analyses

Sensitivity analysis: In repeating all the analyses by excluding
Alvarez-Calatayud and Santos studies, results were almost similar
with a relative difference of less than 5% for all the measures of
treatment effect. We  repeated all the analyses in using the sam-
ple size originally used by all the individual studies (n = 1358). No
results varied of more than ±2%.

Responder analysis: A patient can be considered as responding to
the therapy when diarrhoea duration is short. In observing an over-
all median of diarrhoea duration = 2.3 days, we arbitrarily defined a
short duration when diarrhoea duration was less than 2 days. Fol-
lowing this definition, the responder proportions were 25.8% and
50.3% in placebo and racecadotril groups, respectively. By adjust-
ing for dehydration and Rotavirus, the absolute risk difference was
24.7% [19.8 to 29.7] and the associated number needed to treat
was NNT = 4.04 [3.36 to 5.05]. We  also determined the Relative
Risk RR = 1.98 [1.71 to 2.28], and there was few differences amongst
studies (Fig. 1, p = 0.11, I2 = 0.39).

Secondary need of care: Three of the five studies performed with
outpatients, reported the secondary need of care. The comparison
between racecadotril and placebo groups was non significant once
[20] and was significantly in favour racecadotril twice, with a lower
number of physician or hospital visits for unresolved diarrhoea
[19,21]. The need for i.v. rehydration was  also significantly less fre-
quent in racecadotril group as compared to placebo group (4/35 vs
12/37, p < 0.05) [19].

Safety analysis: The number of patients with adverse event was
not statistically different: 11.6% (81/698) in the racecadotril group
and 10.1% (70/695) in the control group. The number of patients
needed to harm (NNH) was  65 [29 to 125].
4. Discussion

This sample of 1384 patients based on nine RCTs constitutes
the first individual patient data meta-analysis related on oral
rehydration solution adjuncts in childhood acute gastroenteritis,
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nd gathers the largest number of trials and patients on existing
acecadotril meta-analyses. These data are coming from several
ountries with different cultures: India, Peru, Guatemala, Spain,
rance and Mexico. Obvious heterogeneities were found between
ata in terms of inclusion criteria, type of patients, and used end-
oints (Table 1).

We also had the advantage of a wide spectrum of baseline iden-
ification: 54% of these patients were older than 1 year of age, thus
nabling to compare the treatment effect amongst infants and tod-
lers/children. Also, whereas the first studies restrained to male
atients, both genders are now compared. Finally, we collected
ata coming from both outpatients and hospitalised patients, to
ompare patients with high or moderate baseline severity.

To account for these multiple differences, traditional MAL  anal-
ses are very limited. We  conducted a full IPD approach, essentially
ased on individual data from the original CRFs. This has disadvan-
age: data collection is a very hard and long work, IPD is much less
sual technique thus more difficult to read, and also more complex
o report. However, an IPD has the unique advantage to control
or all the existing variables. In a MAL, results are collected from
ables in publications: we have no insurance on the uniqueness
f the studied endpoint, it is very difficult to evaluate a treatment
nder various baseline conditions, as subgroups analyses are very
eldom reported in publications, and baseline severity cannot be
ccounted for. Only individual data provide the unique possibility
o homogenise the endpoints across studies, to adjust for baseline
eterogeneities, and also to question whether the studied drug ben-
fit is confirmed on the whole population of patients, or is only
ctive in patients subgroups defined by particular profile at base-
ine.

In this analysis, we first suggest a simple and determinant model
o predict oral rehydration solution outcome, out of any treatment
onsideration. Baseline dehydration level and Rotavirus constitute
wo essential additive and negative prognostic predictors on all
he endpoints. This simple model based on two baseline covariates
eems to remain invariant across countries and cultures.

In parallel, we demonstrated that no other variable was able to
redict the outcomes in particular age, weight, gender, body tem-
erature, abdominal circumference, other pathogens detected in
tools. The absence of effect of age or weight, may  seem surprising
or stool output. However, this endpoint was specific to inpatients
tudies were infants were predominant with homogeneous age and
eight.

Out of its epidemiological scope, this predictive model has
ethodological implications when testing oral rehydration solu-

ion strategies. In adjusting for this model, the sample size of the
rial can be reduced. Based on our results of determination, the sam-
le size could be reduced by approximately 30% compared with an
djusted test (as it was done in the previous papers). Finally, we
how that adjustment is easy: baseline measurement can be limited
o dehydration and Rotavirus.

Based on these principles we studied racecadotril efficacy. To
rovide clinically relevant results, we concentrated on statistically
ompelling significance (p < 0.001). Racecadotril was  observed to
educe stool output in inpatient studies (43% reduction compared
ith placebo), and number of diarrhoeic stools in outpatient studies

38% relative reduction compared with placebo).
In this pathology, a short diarrhoea duration reduces dehydra-

ion risk. If one day remains an optimistic value, 2 days can be
onsidered as the shortest realistic duration (the median value was
.3 days), which justifies our suggestion of a maximum of 2 days

o define a short diarrhoea duration, thus a therapy success. By
djusting for Rotavirus and dehydration level, the proportion of
esponders was twice larger in racecadotril group, and the associ-
ted number needed to treat NNT, i.e. around 4, can be considered
s clinically relevant.
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We  also successfully tested whether overall drug efficacy
remained similar in sub-populations with different baseline con-
ditions. The benefits over placebo on stool output, number of
diarrhoeic stools, diarrhoea duration remained unchanged irre-
spective of baseline dehydration level, with or without Rotavirus,
for both inpatients and outpatients, and apparently independent
of countries or cultural context. At the opposite, the efficacy of
other antidiarrhoeal drugs, as known from previous researches,
seems to be limited to subgroups, such as the small subgroup of
Rotavirus positive patients [35] for diosmectite or the subgroup of
malnourished patients for zinc [36].

We compared our results with previous similar reviews on
racecadotril: a first meta-analysis identified three studies [12], in
which the authors conclude into an overall efficacy, but, as most
of their data originate from inpatient studies, formulated doubts
for minor gastroenteritis. Another question was that the avail-
able trials were industry sponsored. In our analysis including four
inpatients and five outpatients studies, mixing various baseline
severity, we provide evidence of overall racecadotril efficacy. We
failed to find any significant difference between sponsored trials
(2), investigator-initiated trials where only drugs were provided by
the manufacturer (4), and strictly independent trials (4) (Table 1).
A second meta-analysis [26] selected only two  RCTs [16,17] and
used the proportion of unresolved diarrhoea at the fifth day of
treatment as the main endpoint. As confirmed here, almost all
the patients recovered much before, thus this endpoint does not
seem appropriate, in particular in a context of an acute gastroen-
teritis associated with severe dehydration. We  suggest a more
realistic threshold of 2 days for evaluating therapy success in this
pathology.

5. Limitations

Although clinical evidence of the efficacy of racecadotril added
to oral rehydration solution is provided in this analysis, the eco-
nomic utility of this compound remains to be demonstrated. Such
an objective requires a much more important data collection task,
including accounting of medical resources, need of care, especially
the need of i.v. rehydration and hospitalisation.

The efficacy of racecadotril was shown independent of age;
however this data collection only concerns infants, toddlers or very
young children. Few studies with older children were found and
they were not included as they were performed vs a comparator
such as loperamide, and not placebo [25].

Racecadotril safety was  briefly reported in this analysis, and
investigated elsewhere [34] on much wider post-marketing data
bases: Amongst 14.54 million paediatric patients, the individual
case safety report occurrence was  1/338,000. In data base, the
occurrence of adverse events (AEs) and withdrawals due to AE
were not greater in the racecadotril group than in the control
group [34].

In this analysis, only racecadotril was compared with placebo.
Other alternative symptomatic treatments exist, such as zinc,
diosmectite, probiotics, but only placebo controlled trials were
conducted without direct comparison. This absence of evidence
between the alternatives is shown through the lack of consistency
of current guidelines and official recommendations [2–8]. Appro-
priate meta-analyses enabling Mixed Treatment Comparisons are
needed for this purpose.

6. Conclusions
Our data have gathered a variety of baseline conditions and
cultural contexts and constitutes a large data base collected at indi-
vidual patient level to assess the effects of adjunct treatment to oral
rehydration solution in child acute gastroenteritis.
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A predictive model of recovery was invariably identified based
n only two variables: dehydration level and Rotavirus. This model
emained constant over all the other baseline variables and all the
ultural groups.

Racecadotril was found with a clinically relevant effect in reduc-
ng diarrhoea (duration and stool output and number), and this
ffect was independent of baseline states (dehydration, Rotavirus),
reatment conditions (inpatient or outpatient studies), or between-
ountry cultural disparities.

Oral rehydration solution is obviously the cornerstone of child-
ood acute diarrhoea therapy, and one valuable way to reinforce
nd extend its use, seems to add an agent able to reduce stool out-
ut, number of diarrhoeic stools and duration of diarrhoea without
afety concern. The present results suggest that the response may
ome from the addition of an intestinal purely antisecretory agent.
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