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RÉSUMÉ 
 

Gastro-entérite aiguë chez l’enfant : étude de la relation entre la cétonémie et l’indication 

à débuter une hydratation entérale ou parentérale dans les cas de déshydratation légère 

à modérée 

 

Auteurs : Nathalie Sagan1, Dr. Alexandre Revol1, Pr. Guillaume Mortamet2, Dr. Nedjoua 

Khelif-Avanzini1, Pr Damien Viglino3 

1. Service des urgences pédiatriques, Centre Hospitalier Universitaire Grenoble Alpes, 

Quai Yermoloff, 38700 La Tronche, France 

2. Service de réanimation pédiatrique, Centre Hospitalier Universitaire Grenoble Alpes, 

Quai Yermoloff, 38700 La Tronche, France 

3. Service des urgences adultes Nord, Centre Hospitalier Universitaire Grenoble Alpes, 

Boulevard de la Chantourne 38700 La Tronche 

 

Contexte : La gastro-entérite aiguë est une cause majeure d'hospitalisation chez l'enfant et 

entraîne un coût médico-économique important. Bien qu'il n'existe pas de recommandations 

validées, la cétonémie est couramment utilisée dans les services d'urgences pédiatriques et 

pourrait constituer un outil d'aide à la décision médicale concernant l'indication des différentes 

méthodes de réhydratation. 

 

Objectif : Notre objectif était d’évaluer l’association entre la cétonémie capillaire à l’entrée du 

Service d'Accueil des Urgences Pédiatriques (SAUP) et l'indication à initier une réhydratation 

nasogastrique ou intraveineuse dans les cas de déshydratation légère à modérée. 

 

Méthodes : Nous avons réalisé une étude observationnelle prospective monocentrique dans un 

service d'urgences pédiatriques. Les enfants âgés de 6 mois à 10 ans souffrant de gastro-entérite 

aiguë avec déshydratation légère à modérée étaient inclus. Nous avons comparé la cétonémie à 

l'entrée du groupe "succès de la réhydratation orale" (patients ayant reçu uniquement une 

réhydratation orale), avec le groupe de patients "échec de la réhydratation orale" (ayant reçu à 

l'inverse une réhydratation invasive). Étant donné que les médecins avaient connaissance de la 

cétonémie capillaire, l’impact de la cétonémie sur leur décision thérapeutique a été évaluée pour 

chacun d'entre eux à l’aide d’une échelle de 0 à 10 avant le début de l'ensemble des inclusions. 
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Résultats : Nous avons inclus 282 patients, dont 100 ayant reçu une réhydratation invasive. La 

cétonémie différait significativement entre les deux groupes. Les patients du groupe "échec de 

la réhydratation orale" avaient une moyenne de cétonémie plus élevée (3,2 mmol/l contre 2,1 

mmol/l, p < 0,001). La moyenne des réponses concernant l'impact de la cétonémie sur la 

décision thérapeutique était de 6,15/10 dans le groupe "succès" et de 6,42/10 dans le groupe 

"échec". Aucune différence significative n’a été observée entre ces deux groupes (p = 0,3179). 

 

Conclusion : Le groupe "échec de la réhydratation orale" avait une moyenne de cétonémie 

significativement plus élevée par rapport au groupe "succès de la réhydratation orale". La 

cétonémie pourrait constituer un outil complémentaire à l'évaluation clinique dans la décision 

d’initier une méthode de réhydratation invasive. D'autres études sont nécessaires pour valider 

ces résultats. 
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ABSTRACT 
 

Impact of ketonemia in mild to moderate gastroenteritis dehydration: an 

observational study in Rhone-Alpes Pediatric Emergency Department  
 

Authors: Nathalie Sagan1, Alexandre Revol1, MD, Guillaume Mortamet2, MD, PhD, Nedjoua 

Khelif-Avanzini1, MD, Damien	Viglino!, MD, PhD 

1.  Pediatric emergency department, Centre Hospitalier Universitaire Grenoble Alpes, Quai 

Yermoloff, 38700 La Tronche, France  

2.  Pediatric intensive care department, Centre Hospitalier Universitaire Grenoble Alpes, 

Quai Yermoloff, 38700 La Tronche, France  

3. Adult emergency department North, Centre Hospitalier Universitaire Grenoble Alpes, 

Boulevard de la Chantourne 38700 La Tronche 

 

Background: Acute gastroenteritis is a major cause of hospitalization and involve an important 

medico-economic cost. Capillary ketonemia is frequently used to support medical decisions 

regarding the rehydration method but there are no validated guidelines. 

 

Objective: We aim to describe capillary ketonemia measured upon admission in Pediatric 

Emergency Department (PED) in patients with mild to moderate gastroenteritis-related 

dehydration and to assess how it impacts their management. 

 

Methods: We conducted a prospective single-center observational study in a PED. Children 

aged 6 months to 10 years who were admitted for mild to moderate dehydration were enrolled. 

We compared ketonemia measured upon admission in PED between the ORS success group, 

consisting of patients who did not receive invasive rehydration (nasogastric or intravenous) 

during their emergency stay, and the ORS failure group, which included patients who did. Since 

clinicians were not blinded to capillary ketonemia, the impact of ketonemia on treatment 

decisions was assessed for each clinician using a 0-10 Likert scale prior to enrollment. 

 

Results: We enrolled 282 patients, 100 of whom received invasive rehydration. Ketonemia 

differed significantly between the ORS success group and the ORS failure group. Patients in 
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the ORS failure group had a higher mean ketone levels (3.2 mmol/l versus 2.1 mmol/l, p < 

0.001).  

The mean score on the 0-10 scale was 6.15/10 in the ORS success group and 6.42/10 in the 

ORS failure group. No significant difference in the impact of ketonemia between these two 

groups was found (p = 0.3179). 

 

Conclusion: The ORS failure group had a significantly higher mean ketone levels compared to 

the ORS success group. Ketonemia could be an objective complementary tool to clinical 

assessment in the decision to initiate an invasive rehydration method. Further studies are needed 

to validate the results. 
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BACKGROUND  

 

Gastroenteritis (GE) is one of the most common diseases worldwide, associated with significant 

morbidity and mortality1. It represents a major cause of hospitalization and an important 

medico-economic cost2. In France, GE causes around 21 million cases each year, resulting in 7 

million medical consultations3. Children under the age of 5 are the most affected since they 

represent around two-third of total emergency admission for GE3–5. 

 

Dehydration remains the main and the most important consequence of GE in children. 

However, the high prevalence of GE contrast with the paucity of high quality data regarding 

the assessment and management of GE-related dehydration1. This result in a large heterogeneity 

in management practices1,2,6,7, and a lack of guidelines in this field. 

 

Most of published studies focus on the most severe patients, those requiring intravenous 

hydration. In this population, the combination of clinical and biological signs seems to increase 

sensitivity for predicting dehydration8. 

 

Management of patients with mild to moderate dehydration remains more challenging, while 

they represent the most of patients admitted in pediatric ED. In this population, rehydration 

methods may be oral, nasogastric or intravenous based not only on the level of dehydration, but 

also on risk factors such as : patient under 6 months of age, chronic illness, immune deficiencies, 

prematurity, low socioeconomic status, malnutrition, other concurrent acute complaint, the 

number of episodes of diarrhea or vomiting, fever, previous ORS intake, and enteral 

tolerance2,19,20. 

 

In patients with GE, energy deprivation leads to the depletion of energetic reserves (particularly 

limited in children) through glycogenolysis, redirecting metabolism toward gluconeogenesis 

and ketogenesis. Indeed, lipolysis occurs, releasing free fatty acids, which are oxidized to 

ketone bodies (3-β-Hydroxybutyrate, Acetoacetate, Acetone) in hepatocytes9,21. While ketone 

bodies provide fat-derived energy for organs such as brain and heart, they can also induce 

nausea and vomiting9. Ketone levels may represent therefore an interesting laboratory criterion 

in the management of GE-related dehydration. However, the relationship between ketonemia 

and dehydration classification remains controversial12-14. The study by Levy et al.12 found a 

significant positive relationship between serum ketone concentration and their clinical 
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dehydration score, whereas the study by Durnin et al.13 did not establish a correlation between 

triage point-of-care ketones and the 4-point Gorelick scale (a validated clinical tool for 

predicting dehydration). In clinical practice, capillary ketonemia may be useful in guiding the 

management of patients with GE-related dehydration12,14. However, published data are limited, 

focusing on more severe cases and no impact of ketonemia on clinician management of GE has 

been described12-14.  The studies by O'Donohoe et al.14 and Levy et al.12 suggest that ketones 

could be a useful tool for management decisions at triage. Nevertheless, both relied on 

opportunistic measurements of ketones from blood samples, leading to selection bias regarding 

illness severity. 

 

In this context, this study aims to describe capillary ketonemia in patients with mild-to moderate 

GE-related dehydration and to assess how it impacts their management. 

 

 

METHODS 

 

a) Study design and population 

 

A prospective single-center observational study was conducted over a 16-month period 

(2022/12/02-2024/04/30) at the Pediatric Emergency Department (PED) of the Grenoble-Alpes 

University Hospital, the largest Pediatric ED in the French Alps. Throughout the year 2021, 

1,635 patients were admitted to this unit for GE. 

 

Patients aged 6 months to 10 years were evaluated for eligibility upon admission to the pediatric 

ED for diarrhea and/or vomiting and if capillary glycemia and ketonemia had been recorded in 

the electronic health record upon admission in PED. 

 

Patients were included in the study if 1/a diagnosis of gastroenteritis, based on the European 

Society for Pediatric Gastroenterology Hepatology, and Nutrition (ESPGHAN) and the 

European Society of Pediatric Infectious Diseases (ESPID) definition2, was confirmed and 

2/dehydration was classified as to mild or moderate by a clinician. 

 

Exclusion criteria were as follow: medical history of chronic illness (respiratory, cardiac, 

gastrointestinal, renal, endocrine, hematological, oncological), prematurity, and/or travel 
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outside Europe in the last four months (except North America) (see Table 1 for complete 

exclusion criteria list). 

 

Patients under 6 months of age were deliberately not included due to the elevated risk of severe 

dehydration2. 

 

 

• Gastrointestinal pathologies: colostomy, 

Hirschsprung's disease, chronic inflammatory 

bowel disease, celiac disease 

• Renal failure 

• Heart disease 

• Respiratory pathologies: respiratory 

insufficiency, cystic fibrosis 

• Cancers 

• Sickle-cell anaemia 

• Endocrine disorders: diabetes, adrenal 

insufficiency 

• Glycogenosis, intolerance to 

monosaccharides 

• Prematurity (birth < 37 weeks) 

• Travel outside Europe (except North 

America)  

• Head trauma 

 

Table 1. Exclusion criteria 
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b) Local protocol 

 

According to local protocol (see Appendix 1) and the ESPGHAN/ESPID guidelines, in the 

absence of hemodynamic instability or severe dehydration, Oral Rehydration Solution (ORS) 

is the first-line therapy for the management of mild to moderate dehydration in children with 

acute gastroenteritis. 

 

The effectiveness of the rehydration is evaluated after a few hours of monitoring in the PED. 

Nasogastric Rehydration (NR) is recommended when children refuse ORS or in cases of 

iterative vomiting with ORS. This approach consists of the administration of a continuous flow 

of ORS via the nasogastric route. 

 

Profuse diarrhea with ORS or more than two episodes of vomiting within one hour during NR 

lead to the initiation of intravenous rehydration (IVR) with a polyionic solution (including 5% 

glucose). 

 

In our study, ORS success was defined as adequate ORS intake without the need to initiate NR 

and/or IVR during the PED stay. 

   

c) Collected data 

 

Demographic, clinical and paraclinical data were collected at admission and during hospital 

stay by PED staff (Appendix 2).  Capillary ketonemia and glycemia measurements were 

performed by a nurse upon admission in PED using a NovaPro ketone meter (Nova Biomedical 

Corporation Waltham, MA 02504, U.S.A.). 

 

The clinical data included: weight (on admission and pre-illness), duration of symptoms since 

the onset of diarrhea or vomiting (in hours), medical consultation in the previous 7 days, clinical 

signs of dehydration, previous ORS intake (between the onset of symptoms and PED 

admission), type of rehydration (only ORS, NR, IVR), other concurrent acute complaint (e.g., 

acute otitis media), and recent antibiotic therapy (within the last month). 

 

In cases of missing data, the patient's electronic medical record (Cristal Link, open-source 

software of CHUGA and Easily, software of Hospices Civils de Lyon) was reviewed. If the 
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dehydration classification was unknown, the investigator used the Clinical Dehydration Scale 

retrospectively (CDS, Appendix 3)2. In case of insufficient data to determine the degree of 

dehydration according to the CDS, a second expert opinion was sought. 

  

d) Bias mitigation 

 

Clinicians in the study were not blinded to capillary ketonemia. To mitigate this bias, clinicians 

were asked to assess the impact of ketonemia measurement on their treatment decision before 

the start of patient enrollment. A 0-10 Likert scale was used, (0 no influence, and 10 decisive 

for treatment decision). We compared the results between the two main groups and included 

them in the multivariate analysis, as explained below. 

 

e) Statistical analysis 

 

Quantitative variables were compared using t-tests or the Mann-Whitney U test for groups with 

fewer than 30 patients. Qualitative variables were compared using the Chi-squared test.  

 

We developed a statistical model to predict rehydration outcomes. For this purpose, logistic 

regression was used to estimate the risk of ORS failure based on the following explanatory 

variables that were significant in the univariate analysis and had no substantial missing data : 

ketonemia, impact of ketonemia, age, presence of moderate dehydration, duration of symptoms, 

sex. To take the impact of ketonemia into account regarding management decisions, we also 

included a variable defined as "ketonemia multiplied by the 0-10 Likert scale response" referred 

to as "0-10 scale weighted-ketonemia". In this multivariate analysis, the effect of each variable 

on the probability of ORS failure was represented using odds ratios (OR). The accuracy of this 

"ORS failure" prediction model was assessed using the AUC-ROC (Area Under curve- 

Receiver Operating Characteristic Curve). 

 

Linear regression was used to assess the association between blood glucose and ketone levels. 

 

The significance level for all statistical tests was determined using p-value < 0.05. Statistical 

analyses were conducted by the investigators at the Grenoble Clinical Investigation Center 

using Python 3.12.4 with packages including pandas, numpy scikit-learn and statsmodel and R 

4.3. 
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f) Ethic 

 

The national data protection commission (CNIL) approved the study according to MR‐004 

reference methodology. According to the French law, patients were informed (Appendix 4), 

and non-opposition was checked but written consent was not required. 

 

 

RESULTS 

 

All the collected data are described in Appendix 5. 

 

a) Population 

 

During the study period, 1,809 patients aged 6 months to 10 years were admitted for GE in the 

PED, and 282 patients were included (52% female, median age 25 months, interquartile [Q1=15 

- Q3= 50]) (Appendix 5). 

 

The proportion of patients with mild versus moderate dehydration was similar (n=152, 54% 

versus n=130, 46%). In 65% of the included patients (n=182) treatment with ORS was 

successful. 

 

In the ORS failure group, 20 patients were rehydrated using the NR method, including 4 who 

received both methods (NR then IVR). 

 

b) Ketonemia 

 

Ketonemia differed significantly between the ORS success group and the ORS failure group. 

Patients in the ORS failure group had a higher mean ketone levels (3.2 mmol/l versus 2.1 

mmol/l, p-value < 0.001). This difference according to the age group is represented in  Figure 

1. 
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Figure 1. ORS success versus ORS failure by age groups 

 

Patients with moderate dehydration had significantly higher ketone levels than those with mild 

dehydration (mean 3mmol/l versus 2.1 mmol/l respectively, p < 0.001) (Appendix 5). 

 

 

c) Impact of Ketonemia and "ORS failure" Prediction Model 

 

No significant difference in the reported impact of ketonemia on treatment decision was 

observed between the ORS success group (mean 6.15/10) and the ORS failure group (mean 

6.42/10) (p = 0.32). 

 

The results of the adjusted logistic regression for predicting the probability of ORS failure are 

presented in Figure 2. The 0-10 scale weighted-ketonemia showed a significant but modest 

impact on the probability of ORS failure (OR 1.1 p = 0.043). Ketonemia alone did not impact 

the probability of invasive rehydration (OR 0.8 p-value = 0.395). The factors that seemed to 

have the most influence on the probability of ORS failure were male gender (OR 0.5 p = 0.011) 

and moderate dehydration (OR 5.5 p < 0.001). 
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Figure 2. Adjusted logistic regression: multivariate model 

  

The "ORS failure" prediction model demonstrated a good accuracy, as indicated by an Area 

Under the Curve (AUC) of 0.8 for the logistic regression model (Figure 3). Comparatively, 

ketonemia in the univariate model showed poor predictive performance for ORS failure, with 

an AUC of 0.67. 

 
Figure 3. ROC curves for univariate and multivariate models 

Variables included in the univariate model: Ketonemia 
Variables included in the multivariate model: Ketonemia, 0-10 scale, 

Ketonemia x 0-10 scale, Male, Moderate dehydration, Age, Duration of symptoms 

Age (months)

Ketonemia (mmol/l)

Impact of ketonemia (0-10 scale)

Moderate dehydration

Duration of symptoms (hours)

Sex: Male

Ketonemia (mmol/l) x 0-10 scale
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Different ketonemia thresholds for predicting ORS failure were empirically tested using 

univariate analysis; the results are represented in Table 2. 

 

 
Table 2. Prediction model of ORS failure based on different ketonemia thresholds 

ROC analysis for different ketonemia thresholds 
 

d) Glycemia 

Linear regression analyses suggested an inverse correlation between ketonemia and glycemia, 

across different age groups (see Figure 4), although the goodness of fit was poor (R-squared 

0.384). 

 
Figure 4. Glycemia in relation to ketonemia (mmol/l) 

Linear regression model, R-squared: 0.384  

Ketonemia mmol/l Sensibility Specificity
6.0 0.05 0.97
5.5 0.07 0.96
5.0 0.12 0.94
4.5 0.23 0.92
4.0 0.37 0.87
3.5 0.44 0.8
3.0 0.54 0.68
2.5 0.62 0.59
2.0 0.72 0.49
1.5 0.82 0.40
1.0 0.92 0.29
0.5 0.94 0.16
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DISCUSSION 

 

Here, we report the results of our prospective study assessing the relationship between ketone 

levels measured by capillary method and response to oral rehydration treatment. ORS failure 

group had significantly higher ketone mean levels compared to ORS success group. This result 

provides evidence supporting the use of ketonemia as a relevant factor in the decision to initiate 

invasive rehydration method (NR or IVR). 

 

To the best of our knowledge, this is the first prospective study based on a systematic and a 

less-invasive measurement of ketonemia independently of other invasive tests or treatments, 

concerning mild to moderate dehydration and evaluating the impact of ketonemia on 

management decisions. Indeed, previous studies12,14 have only relied on opportunistic measure 

of ketones from blood sample, leading to a non-negligible selection bias of illness severity. 

 

In the ORS failure group, we observed a higher proportion of clinical dehydration signs, 

moderate dehydration rate and ketone levels. These results suggest a link between ketonemia 

and negative energy balance, as previously reported in the literature 9. Concordant with these 

results, while not clinically meaningful, we also observed lower glycemia in the ORS failure 

group, directly inversely correlated with ketone levels. However, it is important to highlight 

that, statistically, the correlation between ketone levels and glycemia did not reach a high 

goodness of fit (low R" in the linear regression model). This may be attributed to the 

involvement of multiple glycemic regulation mechanisms, which could explain the modest 

decrease in blood sugar as ketone levels increased. Future studies would need to be conducted 

to further assess this relationship. 

 
Our study suggests a threshold around 3 mmol/l to initiate an invasive rehydration method.  

The study of Levy et al.12 reported a median serum ketone concentration of 3.6mmol/l in 

patients with moderate dehydration compared to mild dehydration measured at 1.4mmol/l (p-

value = 0.007).  Notably, ketonemia has been extensively studied in ketoacidosis related to 

Type I diabetes and 3 mmol/l was determined to be the threshold for the recommendation of 

intravenous treatment16–18. Insulin deficiency contributes to the stimulation of lipolysis, a 

mechanism also involved in the gastroenteritis.  
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Validated guidelines present ORS, NR and IVR as recommended rehydration methods. We 

question whether ketones may influence these guidelines toward other treatment methods. 

Previous studies by Levy et al.10 and Janet et al11 showed a significant decrease of ketone levels 

after a rapid intravenous dextrose solution administration (5% and 2,5% dextrose respectively 

in normal saline solution). These results also suggest a clinical improvement concerning mild-

to-moderate dehydration in children despite a lack of decrease in hospitalization rate. While 

serum ketones are commonly used in clinical settings, to this date, the relevance of validated 

ketones recommendation in acute pediatric gastroenteritis has not been established.  

 

Worthy of attention, investigator in our study were not blinded to capillary ketonemia.  

Therefore, a 0-10 Likert scale was used to mitigate this bias. While no difference between 

groups was detected, suggesting both groups were comparable, the average score for the 

questionnaire was around 6/10 for both groups, reflecting a significant influence of the 

unblinding to measurement. This was further confirmed by the multivariate analysis. However, 

clinical assessment appeared to have a greater impact on patient management compared to 

ketonemia. 

 

Among other limitations relevant to our study design: dehydration classification and treatment 

decision were subjective to clinician's assessment based on personal experience. Numerous 

studies pertaining to the evaluation of dehydration exist6 and multiple reported using weight 

loss as an objective criteria. Our analysis reported 26% missing data for weight loss. One of the 

most common reasons for missing weight loss data is the absence of baseline weight 

measurement as parents do not necessarily recall accurately weight and the data are recorded in 

health record only during health visits, which are often less frequent for older children. It is 

important to notice that weight loss can also be attributed to fat loss and not be related to fluid 

loss. Other limitations were noticed such as: single-center study, potential interference with 

other confounding factors not recorded for the purpose of this study, such as fever, the 

classification of dehydration by the investigators when not reported in the file, reliance on local 

protocol. 

 

Our study spanned four seasons of a year in a pediatric emergency department and included the 

most frequent age range of patients consulting in the emergency department. Ketonemia is an 

objective, quick and less-invasive method to inform the choice of rehydration method. The 
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results of our study highlight the potential therapeutic benefit of ketonemia to decrease the 

duration of the stay in the emergency department related to monitoring period.  

 

To conclude, as we established a correlation between elevated ketone levels and failure of ORS, 

we suggest that ketonemia may be a relevant objective factor in the decision process pertaining 

to the initiation of an invasive rehydration method (NR or IVR). Further studies are needed to 

validate the results, define a useful threshold, and evaluate other treatment options. 
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APPENDIXES 
 

 

Management of acute gastroenteritis and principles of rehydration in Pediatric Emergency 
Department 

Grenoble-Alpes University Hospital, La Tronche, France.  2016 
Authors: C.Barbier, MD, N.Thomassin, MD, A.Rubio,  MD, AP Michard-Lenoir, MD 

 

Clinical assessment 
 

Dehydration Absence 
weight loss < 3% 

Mild to Moderate 
weight loss 4-9 % 

Severe 
weight loss >10% 

Appearance Normal Normal or tired Prostrate, agitated, 
somnolent or lethargic 

Thirst Normal Thristy Very thirsty or unable to 
drink 

Heart rate Normal Normal or slightly 
higher 

Tachycardia or bradycardia 

Radial pulse Normal Normal or slightly 
decreased 

Weak or impalpable 

Breath* Normal Normal or slightly 
higher 

Polypnea 

Eyes Normal Slightly sunken Very sunken 
Tears Tears Decreased Absent 

Oral mucosa Moist Sticky Dry 
Skin fold* Absent Slight < 2" Pronounced >2" 

Capillary refill 
time* 

<2" Prolonged 2-3" Very prolonged or absent 

Extremity warm cold Cold, cyanotic, mottled 
Urine Normal slightly decreased Oliguria or anuria 

*	3 signs whose association is predictive of dehydration of more than 5 
 

Principle of rehydration: Stable Hemodynamic 
- ORS are the only recommended solutions for the oral rehydration of children. 
- Biological examinations are not indicated except in cases of severe dehydration, suspicion of invasive infections or 
complications (e.g., HUS), or if intravenous rehydration is required. 
- contraindications to ORS include: hemodynamic shock, impaired consciousness, uncontrollable vomiting despite 
splitting doses, ileus, acute intestinal intussusception, surgical abdomen, intolerance to monosaccharides, glycogenosis 

 
§ No dehydration, no clinical signs 
1. Provide an age-appropriate diet 
2. Correct fluid losses with ORS 
3. No risk factors: discharge with written instructions for monitoring. 
4. If risk factors are present: monitoring for a few hours 

 
§ Mild dehydratation, no risk factors 
1. Rehydrate with ORS at 50 ml/kg over 6 hours 
2. Correct additional losses with ORS, i.e. 10 ml/kg for stools or 5 ml/kg for vomiting 
3. If vomiting occurs: divide the doses for the first hour, then gradually increase intake, or consider nasogastric administration. 

Antiemetics are not indicated. 
4. Monitor for a few hours (ZES or UHCD) then perform a reassessment; if discharge is authorized (absence of dehydration 

signs of, normal hemodynamic parameters, adequate ORS intake, parents' good understanding of ORS and no risk factors): 
provide a written and explained monitoring sheet 

5. If complications arise: consider hospitalization 
6. Adapt diet to the child's age after rehydration (4-6 hours post-initiation) or continue breastfeeding 

 
§ Moderate dehydration 5-10% 
1. Rehydrate with ORS at 50 to 100 ml/kg over 6 hours 
2. Correct additional losses with ORS, i.e. 10 ml/kg for stools or 5 ml/kg for vomiting 
3. If vomiting occurs, divide the ORS intake for the first hour then gradually increase 
4. In cases of refusal of ORS or vomiting, place a nasogastric tube (Quantity of ORS for child rehydration according to “the 

royal’s children hospital of melbourne” protocol) 
5. In cases of persistent profuse diarrhea with ORS or more than two vomitings in one hour despite nasogastric rehydration or 

signs of shock or ileus: transition to IV rehydration (Infusion with daily requirements + 1⁄2 deficit (see “Hydro-electrolyte 
requirements protocol and IV rehydration principles”)) 

6. Monitor 4 to 6 hours, then perform a reassessment; 
7. If discharge is authorized (absence of dehydration signs, normal hemodynamic parameters, adequate ORS intake, parent's 

good understanding of the ORS and no risk factors): provide a written and explained monitoring sheet 
8. If complications arise: consider hospitalization 
9. Adapt diet to the child's age after rehydration (4-6 hours post-initiation) or continue breastfeeding 

Appendix 1. Extract translated from the local protocol 
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Appendix 2. Study form 

 
This strictly confidential document is used as part of the "Cetopiqueur" observational study carried out in the pediatric emergency 
department of Grenoble Alpes University Hospital. Any distribution is strictly prohibited. 

 
 
 
 
 
 
 
 
Age: ______years ______ months 
 
Gender:   ☐ Female  ☐ Male 
 
Weight at emergency department admission: ________ kg 
 
Weight before symptoms: __________kg 
 
Heart rate at emergency department admission: ___________ bpm 
 
Medical consultations in the previous 7 days (emergency department or doctor's office) :  
 ☐ Yes        ☐ No 
 
Duration of symptoms since the onset of vomiting or diarrhea: __________ hours 
 
Ketonemia: ______________ mmol/l 
 
Glycemia: ___________ g/l 
 
Sunken eyes:         ☐ Yes ☐ No 
 
Dry mucous membranes:     ☐ Yes         ☐ No 
 
Deterioration of general condition (asthenia, anorexia, weight loss) :     ☐ Yes ☐ No 
 
Presence of tears:        ☐ Yes        ☐ No 
 
Dehydration Severity (according to the clinician's overall assessment):  
 ☐ No dehydration ☐ Mild      ☐ Moderate    ☐ Severe 
 
Previous ORS intake (between the onset of symptoms and PED admission):  

☐ Yes      ☐ No 
 
Nasogastric Rehydration:      ☐ Yes      ☐ No 
 
Intravenous Rehydration:      ☐ Yes      ☐ No 
 
Acute gastroenteritis was confirmed as the final diagnosis:      ☐ Yes      ☐ No 
 
Presence of other concurrent acute complaints (e.g acute otitis media) : 

☐ Yes        ☐ No 
 

Recent antibiotic therapy  (within the last month).:      ☐ Yes       ☐ No 

 Date and time of arrival :____________________ 

Study form 
"Cetopiqueur" 

Exclusion criteria: 
- Gastrointestinal pathologies: colostomy, 

Hirschsprung's disease, chronic inflammatory 
bowel disease, celiac disease 

- Renal failure 
- Heart disease 
- Respiratory pathologies: respiratory 

insufficiency, cystic fibrosis 
- Cancers 
- Sickle-cell anemia 
- Endocrine disorders: diabetes, adrenal 

insufficiency 
- Glycogenosis, intolerance to monosaccharides 
- Prematurity (birth < 37 weeks) 
- Travel to a high-risk zone within the last 4 

weeks: Africa, Asia, Latin America, countries 
- tropical 
- Head trauma 

 
Does the patient have any of these characteristics? 

☐ Yes ☐ No 
 

Inclusion criteria : 
- Reason for admission : diarrhea and/or vomiting 
- Age from 6 months to 10 years 
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Appendix 3. CDS for children (total score from 0 to 8) 

 
Reference: Guarino, A.; Ashkenazi, S.; Gendrel, D.; Lo Vecchio, A.; Shamir, R.; Szajewska, H. 
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition/European Society 
for Pediatric Infectious Diseases Evidence-Based Guidelines for the Management of Acute 
Gastroenteritis in Children in Europe: Update 2014. Journal of Pediatric Gastroenterology and 
Nutrition 2014, 59 (1), 132. https://doi.org/10.1097/MPG.0000000000000375 
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Appendix 4. Information notice 

 

 

NOTICE D’INFORMATION SUR UN PROJET DE RECHERCHE 
CETOPIQUEUR 

Gastro-entérite aigue chez l’enfant :  
Étude de la relation entre la cétonémie et l’indication à débuter une hydratation entérale ou 

parentérale dans les cas de déshydratation légère à modérée. 
 

Madame, Monsieur, 
Cette fiche vous informe d’un projet de recherche, planifié ou en cours, organisé par le service d’accueil 
des urgences pédiatriques du C.H.U. Grenoble Alpes. Nous vous remercions d’avance d’en prendre 
connaissance. 
 

DESCRIPTIF DE L’ETUDE 
Cette recherche consiste à étudier de la relation entre la cétonémie et l’indication à débuter une 
hydratation entérale ou parentérale dans les cas de déshydratation légère à modérée. 
Cette étude devrait débuter en janvier 2022 et il est prévu qu’elle s’achève en janvier 2024. 
 

BENEFICES, CONTRAINTES ET RISQUES 
Ce projet utilisera les données du dossier médical de patients pris en charge dans ce service, pour faire 
progresser les connaissances et les pratiques médicales. Seules des données normalement acquises dans 
le cadre d’une prise en charge seront utilisées.  
La prise en charge d’un patient n’est aucunement modifiée par l’utilisation de ses données médicales ou 
par son opposition à cette recherche. 
 

CONFIDENTIALITE DES DONNEES 
Dans le cadre de cette recherche, un traitement de données personnelles va être mis en œuvre. 
Les données que nous prévoyons de collecter sont les suivantes : 

• Données démographiques 
• Données cliniques et paracliniques 
• Données concernant la prise en charge thérapeutique (moyen de réhydratation) 

 
VOS DROITS 

Vous disposez de droits d’accès et de rectification, d’opposition et d’un droit de réclamation à une 
autorité de contrôle (CNIL). 
 

QUE DEVEZ-VOUS FAIRE ? 
• Si vous ne vous opposez pas à l’utilisation des données de votre dossier médical, vous n’avez rien 

à faire. 
• Si vous souhaitez vous opposer à l’utilisation de vos données pour ce projet, vous pouvez : 

§ En parler directement au personnel du service que vous rencontrez aujourd’hui. 
§ Contacter le responsable de l’étude ou le délégué à la protection des données (voir ci-dessous). 

 

VOS CONTACTS 
Pour exercer vos droits, ou pour toute question à ce sujet : 
• Vous pouvez contacter le délégué à la protection des données du CHU Grenoble Alpes par mail 

(protection-donnees@chu-grenoble.fr) ou par téléphone au 04.76.76.82.02  
• Une demande peut aussi être envoyée par courrier à CHU Grenoble Alpes, Délégué à la Protection 

des Données, CS 10217, 38043 GRENOBLE Cedex 09. 
• Vous pouvez demander un formulaire d’opposition à l’accueil du service des urgences pédiatriques 
 
Si vous avez des questions sur l’étude, vous pouvez contacter le responsable ci-dessous : 
 
 

 

 

Investigateur responsable de l’étude : REVOL 
Alexandre 
 
Coordonnées : 
CHU Grenoble Alpes, Service d’accueil des urgences 
pédiatriques 
CS10217 CHU, 38043 GRENOBLE Cedex 09  
 

Organisme responsable du traitement des données :  
CHU Grenoble Alpes 
Coordonnées : 
CHU Grenoble Alpes - DRCI 
Pavillon Dauphiné – Rez-de-chaussée  
CS 10217 38043 GRENOBLE Cedex 9 
Tel : 04 76 76 59 57 
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Appendix 5. Collected data  
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VII. DISCUSSION GÉNÉRALE 
 

Nous avons réalisé une étude prospective évaluant la relation entre la cétonémie capillaire et la 

réponse à la réhydratation orale dans les gastro-entérites aiguës avec déshydratation légère à 

modérée chez l'enfant. Le groupe "échec de la réhydratation orale" avait une moyenne de 

cétonémie significativement plus élevée que dans le groupe "succès de la réhydratation orale". 

La cétonémie pourrait constituer un outil complémentaire à l'évaluation clinique dans la 

décision d’initier une méthode de réhydratation invasive. 

 

Bien que la cétonémie capillaire soit couramment utilisée, aucune recommandation validée n'a 

été établie dans la gastro-entérite aiguë chez l'enfant. 

 

Dans les études précédentes, la cétonémie était mesurée à l'occasion de prises de sang ou lors 

de la mise en place de réhydratation intraveineuse12,14, ce qui conduisait à un biais de sélection 

sur la gravité de la déshydratation.  

À notre connaissance, nous sommes la première étude prospective à avoir réalisé la cétonémie 

indépendamment de ces examens ou traitements dans le cadre des déshydratations légères à 

modérées. Il en est de même concernant l'estimation de l'impact de la cétonémie sur la prise en 

charge. 

 

Dans le groupe "échec du SRO" nous avons observé une proportion plus importante de signes 

cliniques de déshydratation. Ces résultats suggèrent un lien entre la cétonémie et la balance 

énergétique négative, comme déjà reporté dans la littérature9.  Bien que cliniquement peu 

significative, la glycémie semble moins élevée dans le groupe échec et semble inversement 

corrélée à la cétonémie. Néanmoins le modèle manque de puissance. En effet, les nombreux 

mécanismes de régulation de la glycémie pourraient expliquer la faible baisse de glycémie à 

mesure que la cétonémie augmente. 

 

Notre étude pourrait suggérer un seuil autour de 3 mmol/l pour initier une réhydratation 

invasive. Des valeurs similaires ont été retrouvées dans l'étude de Levy12 comparant la 

déshydration légère et modérée. Néanmoins d'autres études vont à l'encontre de ces résultats. 

À noter que la cétonémie a été largement étudiée dans le diabète de type I avec acido-cétose, le 

seuil de 3 mmol/L a été défini comme argument pour initier un traitement intraveineux16-18. En 
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effet, le déficit en insuline contribue à la stimulation de la lipolyse, mécanisme également 

impliqué dans la gastro-entérite. 

La réhydratation orale, naso-gastrique et intraveineuse sont les méthodes de réhydratation 

recommandées. Nous nous demandons si la cétonémie pourrait impliquer des traitements 

complémentaires comme le suggère la littérature sur l'administration rapide de solutions sucrées 

intraveineuses10,11 ou orales. 

Un des biais principaux de notre étude était l'absence d'aveugle. Nous avons anticipé ce biais 

en proposant avant le début des inclusions un questionnaire (échelle de 0 à 10) mesurant 

l'impact de la cétonémie sur la prise en charge de chaque médecin travaillant dans le service. 

Bien qu'aucune différence n'ait été retrouvée entre les deux groupes de l'étude, la moyenne des 

réponses était autour de 6/10. D'après cette analyse, il est important de noter que les signes 

cliniques semblaient avoir un impact plus important sur la prise en charge. 

D'autres limitations sont à relever : la subjectivité de la classification de la déshydratation et du 

choix du traitement, un recrutement monocentrique, l'interférence avec d'autres facteurs (par 

exemple si fièvre), la classification de la déshydratation réalisée parfois par les investigateurs, 

l'utilisation d'un protocole local. 
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VIII. CONCLUSION SIGNÉE
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IX. SERMENT D'HIPPOCRATE 
 

 
 




