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Background [1]

Mantenimento del volume e della 
composizione dei liquidi corporei, garantita 

OMEOSTASI

composizione dei liquidi corporei, garantita 
sia attraverso la regolazione 
dell’introduzione di liquidi (controllo della 
sete) sia attraverso la regolazione 
dell’eliminazione di liquidi e soluti.

Caramia G. Progress in Nutrition 2003



Background [2]

� L’acqua rappresenta il più importante 
componente dell’organismo umano;

� Nei primi mesi di vita rappresenta il 78% del � Nei primi mesi di vita rappresenta il 78% del 
peso corporeo, si riduce rapidamente fino ad 
avvicinarsi al valore proprio dell’età adulta, pari 
al 60% del peso corporeo dopo il primo anno;

� È contenuta quasi completamente nella massa 
magra.

Caramia G. Progress in Nutrition 2003



Age-related fluids distribution

Caramia G. Progress in Nutrition 2003



Daily water requirements

… and losses

Alam NH. Paediatr Drugs 2003



Causes of dehydratation

Caramia G. Progress in Nutrition 2003



Infectious causes

Guarino A. ESPGHAN/ESPID Task Force. JPGN 2008



Geographical distribution
Guarino A, et al. ESPGHAN/ESPID Task Force. JPGN 2008



� Bambini < 1 anno (in particolare < 6 mesi)

� Lattanti nati LBW

� Più di 5 evacuazioni nelle precedenti 24 ore

Who is at risk of 
dehydratation ?

� Più di 5 evacuazioni nelle precedenti 24 ore

� Più di 2 episodi di vomito precedenti nelle 24 ore

� Rifiuto reidratazione orale

� Interruzione dell ’’’’allattamento al seno in corso di sintomi

� Bambini con segni di malnutrizione

NICE Guidelines 2009



Symptoms and degree of 
dehydratation

Caramia G. Progress in Nutrition 2003



Bailey B. Arch Pediatr 2010

Clinical Dehydratation Scale for Children

MODESTA SEVERAASSENTE
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Clinical Criteria for Dehydratation 1

Bailey B. Arch Pediatr 2010



Clinical Criteria for Dehydratation 2

Bailey B. Arch Pediatr 2010



Which dehydratation ?

Osmolarità sierica: 280 – 295 mOsm/KgH2O
Caramia G. Progress in Nutrition 2003



Electrolytes

Moritz ML. Pediatr Rev 2002



Ionogram

Hahn S. BMJ 2001



QUANDO RICOVERARE ?

ESPGHAN ESPID

� The child is severely dehydrated
� Shock

� Severe dehydration (>9% of body weight)

2008 2011

� The child has intractable vomiting

� The child is unable to maintain 

hydration orally due to vomiting or 

diarrhea losses

� Caregivers cannot provide adequate 

care at home and/or there are social or 

logistical concerns 

� Severe dehydration (>9% of body weight)

� Neurological abnormalities (lethargy, 

seizures etc.)

� Intractable or bilious vomiting

� ORS treatment failure

� Suspected surgical condition 

� Caregivers cannot provide adequate care at 

home and  or there are social or logistical 

concerns 
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Accertamenti diagnostici

� emocromo con formula + indici di flogosi; 
(grado di ispissatio sanguinis e rischio infezione)

� elettroliti sierici e glicemia;
� equilibrio acido-basico;� equilibrio acido-basico;
� azotemia e creatininemia;
� esame chimico-fisico delle urine;

(peso specifico e quantità urine emesse)

� monitoraggio peso corporeo, diuresi ed 
eventuali perdite con vomito e diarrea.

Bhan MK. BMJ 2003



DISIDRATAZIONE

LIEVE

ORS

CCHMC Guidelines 2011



WHO and ESPGHAN 
Recommendation

Caramia G. Progress in Nutrition 2003







DISIDRATAZIONE

LIEVE MODERATA

ORS SNG

50 ml/Kg in 4-6 ore
(rimpiazzo perdite) 
+ mantenimento 

nelle 24 ore

100 ml/Kg in 4 ore

Colin V.E. Powell - Pediatrics 2011
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DISIDRATAZIONE

LIEVE MODERATA SEVERA

ORS SNG

50 ml/Kg in 4-6 ore
o Rimpiazzo del 
deficit in 6 ore 

Colin V.E. Powell - Pediatrics 2011



DISIDRATAZIONE

LIEVE MODERATA SHOCKSEVERA

ORS SNG EV

20 ml/Kg in 30 min
di NaCl 0.9% 

o Ringer Lattato 

Ripetere dopo 15 
min se non 

miglioramento 

50 ml/Kg in 4-6 ore
+ Mantenimento

Colin V.E. Powell - Pediatrics 2011



DISIDRATAZIONE

LIEVE MODERATA SHOCK

EVORS SNG

SEVERA

Ripetere dopo 15 
min se non 

miglioramento 

100 ml/Kg in 4-6 ore 

e rivalutazione 

20 ml/Kg in 30 min
di NaCl 0.9% 

o Ringer Lattato 

Colin V.E. Powell - Pediatrics 2011



DISIDRATAZIONE

LIEVE MODERATA SHOCK

ORS EV

SEVERA

20 ml/Kg in 30 min
di NaCl 0.9% 

o Ringer Lattato 

Ripetere dopo 15 
min se non 

miglioramento 

PROGRAMMA EV 
DI

MANTENIMENTO

Colin V.E. Powell - Pediatrics 2011



MANTENIMENTO

WEIGHT (Kg) VOLUME PER DAY

REIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EV

RIMPIAZZO 
PERDITE 

PREGRESSE

RIMPIAZZO 
PERDITE 

SUBENTRANTI

WEIGHT (Kg) VOLUME PER DAY

0 -10 Kg 100 ml /Kg

10 – 20 Kg 1000 ml + 50 ml/Kg for each Kg >10

> 20 Kg 1500 ml + 20 ml/Kg for each Kg >20



RIMPIAZZO 
PERDITE 

PREGRESSE

50 ml/Kg

REIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EV

50 ml/Kg
nei pazienti con disidratazione lieve moderata in terapia con ORS

100 ml/Kg
nei pazienti con disidratazione severa in terapia EV



RIMPIAZZO 
PERDITE 

SUBENTRANTI

REIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EV

10 ml/Kg
per ogni evacuazione o vomito 



MANTENIMENTO
RIMPIAZZO 

PERDITE 
PREGRESSE

RIMPIAZZO 
PERDITE 

SUBENTRANTI

Un bambino di 15 Kg moderatamente disidratato che ha 

REIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EVREIDRATAZIONE EV

Un bambino di 15 Kg moderatamente disidratato che ha 
presentato 3 evacuazioni di feci liquide e 2 episodi di vomito

1250 ml 750 ml 50 ml

2050 ml/24 ore



CARATTERISTICHE CLINICHE

Disidratazione Ipernatriemica

� Più comune <6 mesi 

� Cute e sottocute di aspetto soffice e pastoso

� Tachipnea� Tachipnea

� Assenza dei tipici segni di disidratazione (rischio!!!)

� Segni e sintomi neurologici: 

� Sonnolenza o irritabilità

� Ipertono ed iperreflessia

� Convulsioni � Coma



CORREZIONE DELLE FORME SECONDARIE A GEA

Disidratazione Ipernatriemica

OS EV

Soluzione NaCl 0.9%Soluzione ipotonica 

� Reidratare LENTAMENTE (OS>12 ore e EV 48 ore)

� Monitorare frequentemente il Na+ (ogni 4 ore)

� Ridurre la [Na+ ] non più di 0,5 mmol /ora

Soluzione NaCl 0.9%
+/- Glucosata 5% (0.45%)

Soluzione ipotonica 
reidratante orale

Harris 2005 - Australian Guidelines NICE 2009 - British Guidelines



It is recommended that for children receiving care in a hospital setting, prompt 
discharge (goal of 23 hours or less) be considered when the following levels 
of recovery are reached:

Discharge Criteria

CCHMC Guidelines 2011

of recovery are reached:

� Sufficient rehydration achieved as indicated by weight gain and/or   

clinical status; 

� IV or NG fluids not required; 

� Oral intake equals or exceeds losses; 

� Adequate family teaching has occurred; and 

� Medical follow up is available via telephone or office visit 



Journal of Pediatric Gastroenterology and Nutrition
33:S13–S16 © October 2001 Lippincott Williams & Wilkins, Inc., Philadelphia

Rationale for Early Feeding in Childhood Gastroenteritis

B. K. Sandhu, for the European Society of Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) Working Group on Acute Diarrhoea

230 patients

• group A (early-
feeding): 134 patientsfeeding): 134 patients
• group B (late-
feeding): 96 patients

Mean age: 13 months

Mean duration of 
diarrhea : 3.2 days Net weight gain during hospitalization 

was significantly higher in group A 
compared with group B (p = 0.001).



Why Early Feeding?

� Early feeding decreases changes in intestinal permeability 

� Full feeding appropriate for age is well tolerated with no adverse 
effects, and the practice of withholding food for 24 or more hours is 
inappropriate.

Sandhu BK. J Pediatr Gastroenterol Nutr 2001; 33 Suppl12:S36-9

� Early feeding decreases changes in intestinal permeability 
caused by infection, reduces illness duration, and improves 
nutritional outcomes.

Valois S, Costa-Ribeiro H, Mattos Â, et al. Nutr J 2005; 4: 23

� The old concept of "Bowel Rest" has no scientific validity and it 
can serve to aggravate and increase the risks of the disease. 

King CK, Glass R, Bresee JS, Duggan C.  MMWR Recomm Rep 2003; 21; 52: 1-16



DIETARY THERAPY

INFANTS CHILDRENINFANTS CHILDREN

Breastfed infants

Lactose-free formulas 

Diluted formulas



� Breastfed infants should continue nursing 
on demand. 

� Formula -fed infants should continue their 

DIETARY THERAPY 
INFANTS

� Formula -fed infants should continue their 
usual formula immediately upon rehydration in 
amounts sufficient to satisfy energy and 
nutrient requirements.

� Lactose-free or lactose-reduced formulas 
usually are unnecessary.

King CK, Glass R, Bresee JS, Duggan C. MMWR Recomm Rep 2003; 21; 52: 1-16



Lactose-free formulas 

A meta-analysis of clinical trials indicates no adv antage of 
lactose-free formulas over lactose-containing formu las for 
the majority of infants, although certain infants w ith 
malnutrition or severe dehydration recover more qui ckly 
when given lactose-free formula.

Brown KH, Peerson J, Fontaine O.  Pediatrics 1994; 93: 17-27

If diarrhoea increased on the reintroduction of mil k, 
checking of stool pH and/or reducing substances was  
recommended. The lactose content was to be reduced 
only if the stool pH is less than 6 and more than 0 .5% 
reducing substances are present, suggesting lactose  
intolerance. 

Szajewska H, et al. J Pediatr Gastroenterol Nutr 2000; 30 Suppl 5: 522-7



Controlled clinical trials have demonstrated 
that this practice is unnecessary and is 

associated with prolonged symptoms and 

Diluted formulas

associated with prolonged symptoms and 
delayed nutritional recovery.

Santosham M, Foster S, Reid R, et al. Pediatrics 1985; 76: 292-8 

Brown KH, Gastanaduy AS, Saavedra JM, et al. J Pediatr 1988; 112:191-200



DIETARY THERAPY

CHILDREN
� Children receiving semisolid or solid foods

should continue to receive their usual diet 
during episodes of diarrhea. 

� Foods high in simple sugars (substantial amounts of
carbonated soft drinks, juice, gelatin desserts, andcarbonated soft drinks, juice, gelatin desserts, and
highly sugared liquids) should be avoided because 
the osmotic load might worsen diarrhea. 

� Certain guidelines have recommended avoiding 
fatty foods, but maintaining adequate calories without 
fat is difficult, and fat might have a beneficial effect of 
reducing intestinal motility. 

King CK, Glass R, Bresee JS, Duggan C. MMWR Recomm Rep 2003; 21; 52: 1-16



RACECADOTRIL

Racecadotril (acetorphan) is an antisecretory 
drug that exerts its antidiarrhoeal effects by 

inhibiting intestinal enkephalinase; this inhibiting intestinal enkephalinase; this 
prevents the breakdown of endogenous 

opioids (enkephalins) in the gastrointestinal 
tract and reduces the secretion of water and 
electrolytes into the gut without interfering 

with motility.

Primi MP, Bueno L, Baumer P, et al. Aliment Pharmacol Ther 1999; 13: 3–7



RACECADOTRIL
The antisecretory

mechanism involves 
activation of δ

receptors leading to
reduced secretion of 

water and 

Rachmilewitz D, Kermali F, Chorer M, et al. Eur J Pharmacol 1983;93:163–73

submucosal
and

myenteric 
neurons

water and 
electrolytes through 

reduction
in intracellular cAMP.



Three RCTs involving 471 participants aged 3 month to 4 years (238 in 
the experimental group and 233 in the control group ) met the 

inclusion criteria

� Salazar-Lindo E, Santisteban-Ponce J, Chea-Woo E, et al. Racecadotril in 

2007

� Salazar-Lindo E, Santisteban-Ponce J, Chea-Woo E, et al. Racecadotril in 
the treatment of acute watery diarrhea in children. N Engl J Med 2000; 343: 
463–7.

� Cézard JP, Duhamel JF, Meyer M, et al. Efficacy and tolerability of 
racecadotril in acute diarrhea in children. Gastroenterology 2001; 120: 799–
805.

� Cojocaru B, Bocquet N, Timsit S, et al. Effect of racecadotril in the 
management of acute diarrhea in infants and children. Arch Pediatr 2002; 9: 
774–9.



Effect of racecadotril compared with control 
on stool volume at 48 h

Szajewska H, Ruszczyński M, Chmielewska A. Aliment Pharmacol Ther 2007; 26: 807–13



The mean total stool output at 5
days was lower in the racecadotril
group than in the placebo group
(157±27 g per kilogram in the
racecadotril group and 331±39 g
per kilogram in the placebo group,

Total stool output

per kilogram in the placebo group,
relative risk reduction 53%,
p<0.001). The same effect was
found in rotavirus-positive boys
(174±36 g per kilogram in the
racecadotril group and 397±37 g
per kilogram in the placebo group,
p<0.001).

Salazar-Lindo E, et al. N Engl J Med 2000; 343: 463–7



The duration of diarrhoea was significantly reduced  in the three trials 
reporting this outcome.

Duration of diarrhoea

Salazar-Lindo E, et al.
N Engl J Med 2000

The median duration of diarrhoea was
significantly reduced in the racecadotril group
compared with controls, both in the rotavirus-
positive boys (28 h vs. 72 h, p<0.001) and in the
rotavirus negative boys 28 h vs. 52 h, p<0.001).

Cézard JP, et al. 
Gastroenterology 2001

50% of rotavirus-positive patients had recovered
after 6.9 and 36 hours in the racecadotril (n=32)
and placebo (n=35) groups, respectively
(p=0.02).

Cojocaru B, et al. 
Arch Pediatr 2002

The duration of diarrhoea was significantly
reduced in those treated with racecadotril
compared with controls who received no
intervention (n = 164, 97.2 ± 36 h vs. 138 ± 42).



Effect of racecadotril compared with placebo 
on cure on day 5

Szajewska H, Ruszczyński M, Chmielewska A, et al. Aliment Pharmacol Ther 2007; 26: 807–13

The pooled results showed no significant difference
between the racecadotril group and the control grou p.



Systematic review: racecadotril in the 
treatment of acute diarrhoea in children

ADVERSE EFFECTS

� Reported adverse effects in the racecadotril group were mild 

hypokalemia , ileus , mild fever and vomiting .hypokalemia , ileus , mild fever and vomiting .

� Some other reported adverse effects of racecadotril (e.g. 

nausea , thirst, vertigo , constipation , headache and 

hypersensitivity to racecadotril).

Szajewska H, Ruszczyński M, et al. Aliment Pharmacol Ther 2007; 26: 807–13



� Only a limited number of trials were available for this
review.

Systematic review: racecadotril in the 
treatment of acute diarrhoea in children

LIMITATIONS

Szajewska H, Ruszczyński M, et al. Aliment Pharmacol Ther 2007; 26: 807–13

� The methodological quality varied (e.g. inadequate
blinding in one of the trials).

� Two studies received pharmaceutical company
sponsorship; the source of funding is not clear in one 
trial.



CONCLUSIONS AND FUTURE RESEARCHCONCLUSIONS AND FUTURE RESEARCH
In conclusion, in three relatively small RCTs with some
methodological problems, racecadotril was effective in
reducing the volume and frequency of stool output
and in reducing the duration of diarrhoea (particularly

RACECADOTRIL IN THE TREATMENT OF 
ACUTE DIARRHOEA IN CHILDREN

and in reducing the duration of diarrhoea (particularly
in children with rotavirus). However, more data are
needed. The safety of racecadotril, as well as the 
cost-effectiveness of this therapy, needs to be defined. 
Further investigations comparing racecadotril with other
treatment options (e.g. smectite and probiotics)
would be worthwhile. As two trials were company
funded, independent trials are needed.

Szajewska H, Ruszczyński M, et al. Aliment Pharmacol Ther 2007; 26: 807–13



FUNCTIONAL FOODS

PROBIOTICS PREBIOTICS



PROBIOTICS
Perhaps the most studied potentially beneficial effect of probiotics is 
mild to moderate infectious diarrhea.

Results have been summarized in several meta-analyses, all of 
which found an overall reduction in the duration of diarrhea by about 
1 day.

Michail S, Sylvester F, Fuchs G, et al. J Pediatr Gastroenterol Nutr 2006; 43: 550–7

However, in children with more severe diarrhea, there
was no demonstrable benefit.

The probiotic agent showing consistent benefit was Lactobacillus 
GG.

Szajewska H, Mrukowicz JZ. J Pediatr Gastroenterol Nutr 2001;33 suppl 2: S17-25
Allen SJ, et al. Cochrane Database Syst Rev 2004;CD003048

Szajewska H, Mrukowicz JZ. J Pediatr Gastroenterol Nutr 2001;33 suppl 2:S17-25

Costa-Ribeiro H, et al. J Pediatr Gastroenterol Nutr 2003;36:112-5
Salazar-Lindo E, et al. BMC Pediatr 2004;4:18

1 day.



The oligosaccharides contained in human milk have been called the 
prototypic prebiotic because they foster growth of lactobacilli and 
bifidobacteria in the colon of breastfed neonates.

Dai D, Walker WA. Adv Pediatr 1999; 46: 353-82

PREBIOTICS

Two randomized trials of prebiotic supplemented infant cereal did 
not demonstrate a reduced incidence of diarrheal disease among 
infants and children living in an urban economically depressed area.

Data have linked higher intakes of breast milk oligosaccharides with 
a lowered incidence of acute diarrhea. 

Morrow A, Ruiz-Palacios G, Altaye M, et al. Ped Res 2003; 53: 167A

Duggan C, Penny ME, Hibberd P, et al.  Am J Clin Nutr 2003; 77: 937-42 




