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CHAPTER 1.
BACKGROUND AND AIMS

1.1 Background

Clinical practice guidelines (CPGs) are systematically developed statements to assist practitioners
in making decisions about appropriate health care in specific clinical circumstances [1]. Their
purpose is to make explicit recommendations with a definite intent to influence what clinicians do.
Clinical practice guidelines currently represent the standard of care and a support for medical
practitioners for the management of different acute and chronic conditions in different period of
life from infancy to elderly.

The primary goal of CPGs in pediatrics is to improve the health of infants and children by ensuring
that they receive up-to-date, evidence-based care.

However the process that leads from the identification of clinical problem to the delivery of
standard care to the target population is complex and time-consuming. It includes many different
steps from the development of clinical recommendations to their dissemination and local
implementation (Figure 1.1), and each of these steps is needed to ensure a rapid application of
evidence-based recommendations.

In the last 20 years the number of this kind of CPGs is progressively increasing in international
literature, including in the field of pediatrics. However, the plethora of CPGs has been
accompanied by growing concern about differences among clinical recommendations and about

the quality of guidelines [2-5].

1.2 The quality of guidelines

How does one define the quality of guidelines? A “good” guideline should be scientifically valid,
usable, reliable, and should improve the outcome of patients. However, it is rarely known how a
guideline performs in clinical practice. Evaluation of CPGs should include both methods used to
develop recommendations and applicability of recommendations (benefits, adverse effects and
costs) [6].

An international group of researchers, the Appraisal of Guidelines, Research and Evaluation
(AGREE) Collaboration, developed and validated a specific instrument to assess the quality of CPGs
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based on theoretical assumptions [7], in 2010 the same group of expert developed a new updated
version of this instrument [8].

A recent assessment of the quality of pediatric guidelines with the AGREE instrument
demonstrated better results for CPGs produced in the field of pediatrics than those addressed to
adult conditions [9]. In addition, the endorsement of leading Institutions or Scientific Societies
such as the American Academy of Pediatrics or the registration in the National Guidelines
Clearinghouse represent a guarantee of quality in most of cases.

We previously used this instrument to assess the quality of guidelines on acute gastroenteritis in
children, and to identify weaknesses and strengths, with the ultimate aim of improving the quality
and applicability of guidelines produced in this filed [6].

According to the AGREE criteria, the overall quality of published CPGs devoted to acute
gastroenteritis was fair, and, among the nine documents included in the analysis, only three were
strongly recommended without any provisos or alteration.

Aims, target population, synthesis of evidence, formulation of recommendations and clarity of
presentation are points of strength.

The involvement of professionals and users in the steering group is a point of strength in the
development process, however in our analysis all the CPGs but two failed to provide information
about patients preferences/expectations and experiences. Patient’s dimension should be factored
into decisions regarding clinical care, and this is particularly true for common diseases such as
acute infectious diarrhea.

Other relevant weak issues are applicability, including identification of organizational barriers and
adherence parameters, and cost/efficacy analysis.

The AGREE is also used during the development of a new guidelines to draw the frame of the
document and to define the quality criteria on which a high-quality CPGs should be built.
According to our data, the quality of CPGs for the management of acute gastroenteritis improved
during the time and mainly after the publication of the paper describing the AGREE-instrument
and domains of improvement were those related to methodology and editorial independence.
This may suggest that compliance with validated criteria may contribute to development of high

quality guidelines.

1.3 Implementation of guidelines



High-quality CPGs are a major tool to improve quality of care [10, 11]. However the development
of CPGs is not enough and pilot testing, capillary dissemination and local implementation are
critical steps to change clinical practice.

For many health conditions, there is a gap between what medical science has shown to be
effective practice and what is actually done [12].

Strong evidence reports that compliance with guideline recommendations is often poor in
different medical settings and a high rate of inappropriate medical interventions has been
reported for different clinical condition in pediatric age.

Two relevant papers published in the New England Journal of Medicine showed a poor adherence
to standard of care both in adults and pediatric population in United States [13, 14]. According to
these data, about half of patients receive evidenced-based care, and a large proportion of patients
receive everyday low quality care, not-recommended medications, unnecessary diagnostic and
medical interventions. This seems to be true for the management of both acute and chronic
conditions, and even in case of prevention strategies.

The deficits that the authors identified in adherence to recommended processes for basic care
pose serious threats to the health of the American public. A similar deficit in the quality of care
was reported in the management and prevention of pediatric diseases [14].

The authors of both papers concluded with a call for strategies to reduce the apparent deficits in
quality of delivered care.

Local implementation of CPGs and adherence to clinical recommendations has been demonstrated
effective in reducing inappropriate medical intervention and the number of visits, hospitalizations
and costs in children.

Implementation and dissemination strategies affect the probability of guidelines of being effective
[15]. Implementation depends on acceptance of specific recommendations by physicians, and on
the applicability of indications and acceptance by customers. Only a minority of physicians fully
complies with guidelines. To increase compliance, experts recommend that guidelines should be
tested in local settings [16-18]. Although AGREE requires guideline committees to undertake pilot
testing before publication to ensure that the guideline can be put into practice, only few CPGs
usually report this point in the document.

In addition, the process of CPGs development should consider potential barriers to

implementation and provide monitoring criteria to assess guideline’s impact.



1.4 Guidelines in pediatric infectious diseases

The infectious diseases are the most common illnesses in infants and children. Respiratory and
gastrointestinal infections represent the major indication to medical visit, access to emergency
department and hospital admission in pediatric age worldwide.

The melting pot of pediatric infectious diseases includes many different conditions that ranges
from acute, self-limiting and easy-to-mange illnesses (eg. flu-like illness, acute gastroenteritis) to
severe or chronic and life-threatening conditions such as HIV infection, tuberculosis or
opportunistic infections in at-risk or immune-compromised subjects. With few exceptions,
infectious diseases are curable if an accurate and rapid diagnosis is performed and the appropriate
treatment is provided. In addition, all these conditions, although with different rates, have high
social and economic burden.

Many different CPGs for the prevention and management of selected infectious conditions have
been produced and are continuously updated. The routine and correct application of evidence-
based recommendations may potentially have a dramatic impact on the burden of all infections in
pediatric age, improving child health and reducing inappropriate interventions, adverse effects
and health-care expenses.

For all these reasons, and from a methodological point of view the infectious diseases represents

an ideal setting to test the efficacy and applicability of CPGs.

1.5 Aims and overview of the thesis

This thesis depicts the entire evidence-based path that leads from the rigorous process of
guidelines development to the final step of local implementation of clinical recommendations.
The overall aims of this work are:

1) To describe the process guidelines development and assessment of quality of scientific
evidence for the management of specific infectious diseases in pediatric age (i.e. acute
gastroenteritis);

2) To describe the methodology for the identification of relevant outcome measures in the
field of pediatric infectious diseases;

3) To assess the appropriateness of medical interventions and quality of care delivered to

children with selected infectious diseases (i.e. acute gastroenteritis);



4) To test the efficacy and effectiveness of different interventions for the implementation and

local tailoring of recommendations for the management of infectious diseases in children.

To reach these objectives and describe the evidence-based process the thesis reports the results

of different works organized as follows:

The evaluation of the quality of scientific evidence on the acute gastroenteritis as basis for the
development of the new up-dated European evidence-based guidelines for the management
of acute gastroenteritis in children. In addition, the same process leaded the publications of
two reviews reporting the hospital management of children with acute diarrhea and exploring
the differences between evidence-based recommendations and clinical practice in children
living in developed and developing areas (chapter 2);

The identification of relevant clinical outcomes for the production of a core-outcome set to
standardize the evaluation of efficacy of different interventions aimed at reducing the impact
of infectious diseases (i.e. respiratory infections and acute diarrhea) and to drive future
clinical trials in the field (chapter 3);

The assessment of quality of care delivered to children hospitalized for acute intestinal
infections in Italian institutions through the design of a multicenter observational study
carried out in more than 30 pediatric wards (chapter 4);

The identification of effective interventions to promote the use of Lactobacillus GG to reduce
the duration of diarrhea in children admitted for acute gastroenteritis and local
implementation in a tertiary-care children hospital in United States (chapter 5);

An intervention trial aimed at evaluating the impact of an e-learning course on the knowledge
and clinical practice of pediatricians and family physicians in 15 European countries (chapter
6);

A quality care improvement study aimed at reducing the incidence and severity of infectious

events, mainly central-line associated blood stream infections in children with acute leukemia.



Figure 1.1 Evidence-based path: from the production to implementation of guidelines
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CHAPTER 2.
PRODUCTION OF THE ESPGHAN/ESPID GUIDELINES FOR THE
MANAGEMENT OF ACUTE GASTROENTERITIS IN EUROPEAN CHILDREN

2.1 Acute gastroenteritis in childhood and the need for a European guideline

Acute gastroenteritis (AGE) still represents a common cause of morbidity and mortality among
infants and children worldwide. In developing areas the rapid fluid loss related to acute diarrhea,
vomiting and fever, together with the difficult to oral rehydration and the limited access to clean
water and facilities, gives to AGE the second leading position among the causes of child death.

In industrialized countries, the disease is relatively mild and generally self-limiting, but
nevertheless can have a major impact on the quality of life of infected children and their families.
In these areas, AGE represents a major cause of outpatient visits and hospital admissions and
consequently it has a substantial effect on health-care expenses.

Before the large dissemination of rotavirus vaccines, in United States AGE determined about 1.5
million outpatient visits and over 200.000 hospitalizations every year [1].

Several guidelines for the management of AGE in children are available. However, only a minority
of physicians fully complies with guidelines, and clinical recommendations are only slowly put into
practice [2-5]. More specifically, the adherence to standard of care for AGE in United States is far
from optimal, ranging from 37% in outpatients setting [6] to 69% in hospitalized children [7].
However, a higher compliance to guidelines recommendations for AGE can reduce the economic
burden of the illness [7] and improve the clinical outcomes, by shortening the duration of diarrhea
and enhancing weight gain [8].

The management of AGE essentially consists of the replacement of fluids lost through diarrheic
stools, vomiting and fever. However, rehydration therapy does not reduce the severity not even
the duration of intestinal symptoms [9]. With the overall aim of reducing the clinical and social
burden of the illness, numerous anti-diarrheal drugs with different mechanism of action have been

tested worldwide.
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Europe encompasses a large number of countries that differ in terms of tradition, culture, wealth
and health care systems. The management of AGE is significantly affected by all these social and
economic aspects and covers today a broad range of interventions.

All European children are expected to present at least 1 or 2 episodes of AGE every year below 5
years of age.

In the attempt to reduce the intensity and duration of symptoms related to AGE, in several
countries, there is an excess of medical interventions that do not always result in clear beneficial
outcomes. New options in terms of diagnosis, nutritional interventions, drugs, and prevention
through the distribution of new vaccines against Rotavirus infection are becoming available. All
these interventions may influence the severity and duration of symptoms and the rate of
infection.

In 2008 a joint committee of experts belonging to the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) and to the European Society of Pediatric
Infectious Diseases (ESPID) developed two evidence-based guidelines for the management of AGE
in European children [10] and for the use of vaccines against Rotavirus infection in children [11].
These documents were addressed to practitioners at all levels of health-care, primary care
physicians, pediatricians and family physicians in Europe.

The collaboration between the Societies was triggered by the understanding that AGE is still today
a major pediatric health problem in all European countries.

These two documents represented a milestone for the care of European children with AGE in the
last 5 years and have had a major impact as judged by the number of citations (about 300) and by

several papers addressing their quality and impact [12, 13].

2.2 Methodology for guidelines production

As stated in the 2008 version, an update accounting for scientific evidence accumulated over the
last years was planned after 5 years since the publication of the guidelines.

This update used the same methodology reported in the previous version, however some
difference in the process were applied and specifically described below.

The process started with specifying clinical questions that define the target population for search

purposes defined as: previously healthy children 5 years of age or younger with clinically
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diagnosed AGE (diarrhea and/or vomiting presumably of infectious origin), in- or outpatients living
in geographic Europe.

However, since selecting evidence referred to this age group was not always possible in systematic
reviews, in some cases, the data obtained in individuals up to age 18 were included. Children with
at risk conditions, such as chronic disorders or immunodeficiency were not included.

The process continued through a rigorous review of available scientific data (focusing on the last 5
years), the grading of evidence and the production of tables of evidence that are the prerequisite
for a state-of-the-art evidence-based document.

The authors of each section of the guidelines conducted a literature search using primarily the
MEDLINE and the Cochrane Library databases to identify relevant literature in English; however,
relevant papers in other languages were also considered in some instances. When data referring
to Europe were missing or limited, the search was extended to non-European settings, including
developing countries.

In May 2013, the guideline development group met in Milan to discuss the outcome of the
literature search and a first proposal of clinical recommendations. After a thorough discussion of
each statement/question, the strength of recommendations and the strength of the supporting
evidence were graded according to the Muir-Gray & Cook methodology (Table 2.1).

The present document differs from the 2008 guidelines in that we have rated the quality of
evidence and the weight of recommendations using the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) system, which has advantages over other
rating systems (Table 2.2) [14]. However, to reflect the changes that have occurred, we have
retained and revised the Muir-Gray and Cook rating that we used five years ago [15, 16].

The rationale for using the GRADE system was based on the fact that it is considered the most
effective method of connecting evidence to clinical recommendations and is increasingly being
applied by guideline development groups. In brief, the GRADE system offers four categories of
quality of evidence (high, moderate, low, and very low) and two categories of the strength of
recommendations (strong or weak) (Table 2.2).

Recommendations were formulated and graded, and a consensus was reached. Any disagreement
was resolved by discussion until a consensus was reached. The draft of the guidelines was sent to
the group members for review and further comments. All critical feedback was discussed and
changes were incorporated as necessary. Finally, the guidelines were submitted for external peer

review and then approved by the ESPGHAN and ESPID Council.
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Table2.1. Strength of evidence and grade of recommendations in support of the

recommendations formulated in the 2008 ESPAGHAN/ESPID Guidelines for the Management of

AGE in Children in Europe

Strength of

Strong evidence from 21 systematic review(s) of well-designed RCTs.

Strong evidence from 21 properly designed RCT(s) of appropriate size.

Evidence from well-designed trials without randomization, single group pre-

post, cohort, time series, or matched case-control studies.

evidence IV | Evidence from well-designed trials, non-experimental studies from >1 center
or research group.

Va | Opinion of respected authorities.
Vb | Clinical evidence, descriptive studies, or reports of expert committees.
A | Supported by level | evidence, highly recommended.
B | Supported by level Il evidence, recommended.

Grade of
C | Supported by level Il evidence, recommended.

recommendation

D | Supported by level IV and V evidence; the consensus route would have to be

adopted.

Table 2.2. The GRADE system

Further research is unlikely to change our confidence in the estimate

High qualit
= v of effect.
Moderate Further research is likely to have an important impact on our
Quality of quality confidence in the estimate of effect and may change the estimate.
uality o - - X X
. Further research is very likely to have an important impact on our
evidence Low i . ) .
. confidence in the estimate of effect and is likely to change the
quality ]
estimate.
Verylow Any estimate of effect is very uncertain.
quality
When the desirable effects of an intervention clearly outweigh the
Strong .
undesirable effects, or they clearly do not.
Grade of — .
. When the trade-offs are less certain (either because of the low quality
recommendation . . )
Weak of evidence or because the evidence suggests that desirable and

undesirable effects are closely balanced).
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2.3 Major changes in the recommendations for the management of childhood diarrhea: 2014

guidelines update

Acute gastroenteritis still has a major impact in developed countries. The guidelines produced by
ESPGHAN and ESPID Societies in 2008 drove the clinical practice all around Europe, in the last
years. The management of AGE didn’t change dramatically, however an update of data on
epidemiology, diagnostic workup and treatment was needed and scheduled 5 years after the
publication of the first document. The continuous up-to-date of evidence is a necessary process to
improve clinical practice. Major changes between 2008 and 2014 versions of ESPGHAN guidelines

are reported in Table 2.3.

Epidemiology

This new version of guidelines reported new data on the epidemiology that slightly changed in the
last times. Rotavirus is still the most common cause of AGE in children in all European countries,
with an incidence as high as 1.33-4.96 cases/100 person year. Hospitalization rates for rotavirus
gastroenteritis ranged from 7% to 81% in various countries. This rate had a major impact on costs
[17]. Rotavirus serotype predominance appears to change on a seasonal basis within each country
and may even differ between regions of the same country.

It’s well known that beginning from the 2006 two oral live rotavirus vaccines, Rotarix® and
RotaTeq® have been licensed in Europe after the demonstration of their good safety and efficacy
profiles in large clinical trials [18, 19].

Vaccination coverage in European countries is still low, and to date only few countries (Finland,
Austria and Belgium) reported a coverage higher than 90% [20]. However, some changes in AGE
epidemiology have been reported in countries where a rigorous implementation campaign of
rotavirus vaccination has been promoted by the national institutions. In fact, the proportion of
new (G12) or selected (G2P4) strains increased in countries after the introduction of vaccination
[21, 22].

Norovirus, generally considered the second leading agent of AGE, is fast becoming a leading cause
of medically attended gastroenteritis in countries with high rotavirus vaccine coverage [23, 24].
Noroviruses represent 10-15% of causes of hospitalizations for AGE in European children.

In addition changes in bacterial and protozoal AGE have been reported in different countries with

a reduction in Salmonella and Campylobacter and a rapid increase of Clostridium difficile infection
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in selected settings, such as in United States where it has been related to community-acquired

acute diarrhea even in low-risk pediatric populations [25, 26].

Diagnostic work-up

In otherwise healthy children with AGE, investigations are generally not needed.

Dehydration reflects severity of illness and should be monitored by established score systems.
Since 2008, a number of studies were conducted in children 1 to 36 months with AGE to validate
the Clinical Dehydration Scale (CDS) [27]. The scale consists of 4 clinical items: general appearance,
eyes, mucous membranes and tears. Each item is rated from 0 to 2, and the total score ranges
between 0 and 8. The final three categories were: no dehydration (CDS score: 0), some
dehydration (CDS score: 1-4), and moderate/severe dehydration (CDS score: 5-8) [28].
Successively this scale was validated in several clinical studies and it was found to be useful in
predicting the need for intravenous rehydration [29, 30], weight gain [30], need for blood test [30,
31], need for hospitalization [30], the length of stay in hospital and in the ED [29, 31]. In addition, a

fairly good inter-observer reliability was reported for CDS [30, 32].

Diet and oral rehydration

Oral rehydration with hypo-osmolar solution is the major treatment and should start as soon as
possible. The so-called ESPGHAN oral rehydration solution containing 60 mmol Na' is still the first
treatment choice for European children. In breast-fed infants, breastfeeding should not be
interrupted during AGE episode. Regular feeding should continue with no dietary changes
including milk. Recent data based on a Cochrane systematic review suggest that in the hospital
setting, in non-breast-fed infants and young children with severe AGE, lactose-free feeds can be
considered in the management of gastroenteritis to reduce the duration of diarrheal episodes of

about 18 hours [28, 33].

Hospital management

This version of European guidelines includes a completely new section on hospital management of
children with severe AGE. Hospitalization should generally be reserved for children requiring
enteral/parenteral rehydration; most cases may be managed in an outpatients setting.

Despite the high number of hospitalization for AGE registered in all countries, yet a standardized

rehydration scheme is not available. The guidelines provided an accurate and updated protocol for
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the intravenous rehydration treatment [28]. In the last years rapid rehydration regimens have
been proposed with the aim of reducing hospital stay and health-care expenses. In any case the
level of evidence in support is still very low, and further studies in that field are needed to better
define the ideal modality of rehydration

Rehydration therapy through nasogastric tube is better than intravenous rehydration, in children
with moderate-severe dehydration base on meta-analysis results [34, 35].

Intravenous rehydration is rarely needed; guidelines recommend intravenous rehydration in case
of severe dehydration and/or in case of oral rehydration failure.

Despite the lack of evidence of efficacy, in the last years a rapid rehydration scheme (40-60ml/kg
normal saline bolus over 60 minutes) has been gradually incorporated into clinical practice with
the aim to obtain a reduction of symptoms, an improvement of appetite, and a reduction of
hospital stay and of global costs of AGE. A survey of North American physicians, specialized in
pediatric emergency, found that several regimens are used [36].

Ultrarapid rehydration proposed either by enteric or intravenous route demonstrated no
difference in clinical outcomes, however reduced rehydration times are associated with high

readmission rates and side effects.

Antiemetics and Anti-diarrheal drugs

Active therapy may reduce the duration and severity of diarrhea. Effective interventions include
administration of specific probiotics such as Lactobacillus GG or Saccharomyces boulardii or anti-
diarrheal drugs such as Diosmectite (an absorbent clay) or Racecadotril (an antisecretory drug).
Anti-infectious drugs should be given in exceptional cases being viruses the leading cause of AGE.
Since vomiting is still a major indication to emergency department consultation and hospital
admission and represents the most scaring AGE-related symptoms from physicians and families,
stopping vomiting is one of the main issues in the management of AGE.

Antiemetics may reduce the need of intravenous rehydration because of vomiting and the number
of hospital admission. The use of Ondansetron is supported by strong evidence of efficacy [37 -

39], but its routine use requires safety clearance given the warning about severe cardiac effects.
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Table 2.3 Summary of major changes in guidelines recommendations — 2014 update.

ISSUE

2008

2014

Definition of AGE

No change

Etiology

RV, Norovirus

Changes in countries where
RV vaccination as been implemented

Dehydration scores

No recommendation
Gorelick and Steiner scales suggested

Clinical Dehydration Scale

Nutritional intervention

Not recommended

Lactose free diet to be considered in
children hospitalized for severe AGE

Oral rehydration

Hypo-osmolar ORS recommended

Hypo-osmolar ORS recommended

Enteral rehydration

To be considered in selected cases

Superior to IV rehydration

Intravenous rehydration

Rapid rehydration recommended

PHARMACOLOGICAL TREATMENT

Ondansetron to be considered

Antiemetics Not recommended )
in selected cases after safety release
Antibiotics Not routinely recommended Not routinely recommended
L ) ] . To be considered in addition to ORS
Probiotics To be considered in addition to ORS ] )
New evidence in support
. ) ] . To be considered in addition to ORS
Racecadotril To be considered in addition to ORS ] )
New evidence in support
. ) ] . To be considered in addition to ORS
Smectite To be considered in addition to ORS ] )
New evidence in support
Zinc Not recommended Not recommended
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Objectives: These guidelines update and extend evidence-based indications
for the management of children with acute gastroenteritis in Europe.
Methods: The guideline development group fornulated questions,
identified data and formulated recommendations. The latter were graded
with the Muir Gray system and, in parallel, with the Grading of
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Results: Gastroenteritis severity is linked to etiology , and rotavirus isthe most
severe infectious agent and is frequently associated with dehwdration
Dehydration reflects severity and should be monitored by established score
systems. Investigations are generally not needed Oral rehydration with
hypoosmolar solution is the major weatment and should start as soon as
possible. Breast-feeding should not be interrupted. Regular feeding should
continue with no dietary changes including mulk. Data suggest that in the
hospital setting, in non—breast-fed infants and young children, lactose-free
feeds can be considered in the management of gastroenteritis. Active therapy
may reduce the duration and severity of diarthea. Effective interventions
inchude administration of specific probiotics such as Lactobacillus GG or
Saccharomyces boulard i, diosmectite or racecadotril. Anti-infectious drugs
should be given in exceptional cases. Ondansetron is effective against
vomiting, but its routine use requires safety clearance given the warning
about severe cardiac effects. Hospitalization should generally be reserved for
children requir ing enteral ‘parenteral reh vdration; most cases may be manaped
in an outpatients setiing. Enteral rehydration is superior io intravenous
rehydmtion Ultrarapid schemes of intravenous rehydration are not superior
to standard schemes and may be associated with higher readmission rates.
Conclusions: Acute gastroenteritis is best managed using a few simple,
well-defined medical interventions.

Key Words: acute pastroenteritis, child, children, definition of diarrhea,
guidelines

(JSPGN 2014;59: 132-152)

1. BACKGROUND

n 2008, the European Society for Pediaric Gastroenterology,
Hepatology, and MNutrmtion (ESPGHAN) and the European
Society of Pediatrie Infectious Diseases (ESPID) jointly developed
evidence-based guidelines for the management of acute gastroen-
teritis (AGE) in children for practitioners at all levels of health
care—pnmary care physicians, pediatricians, and family physi-
clans—in Europe (1). The gwdelines have had a major impact
on the management of gastroenteritis as judged by the number of
citations (a total of 160) and by several articles addressing their
quality and mpact (2.3). In addition, an e-learning program was
created to implement their application.
We have now updated the guidelines to take account of the
evidence accumulated over the last 5 years. The update differs from
the original guidelines in that we have rated the quality of evidence
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and the weight of recommendations wsing the Grading of Recom-
mendatons, Assessment, Development and Evaluations (GRADE)
system, which has advantages over other rating systems (4). To
reflect the changes that have ocowrred, we have, however, retained,
or wherever appropnate, revised, the Muir Gray rating that we used
5 years ago (see “*Methods for Guidelines Update Development™).
Another novelty is a section on the management of children in
hospital. This section addresses crucial issues in the management of
diarrhea, namely, enteral and parenteral rehydration, correction
of hydroelectrolyte imbalance, complications, and monitoring the
course of the discase.

As in the case of the 2008 AGE guidelines, the tables of
evidence are an integral part of the update. Interested readers can
access this material, which was used to produce the recommen-
dations, in the online version of the Jowmal of Pediatric Gastro-
enterology and Nutrition (www,jpgn.org).

2. METHODS FOR GUIDELINES UPDATE
DEVELOPMENT

We applied the same approach we had used to develop the
previous guidelines (see the 2008 guidelines for details). In brief,
the process started with specifying clinical questions that define the
population for search purposes.

These were defined as follows: previously healthy children
<5 years of age with clinically diagnosed AGE (diarrhea and/or
vomiting presumably of infectious origin), in- or outpatients living
in geographic Europe. Children with at-risk conditions, such as
chronie disorders or mmunodeficiency, are not covered.

Recommendations were formulated and graded according to
the Muir Gray (5) and Cook (6) (Table 1), and the GRADE system
{4) (Table 2). See addinonal information about methods in the
Onlme Repository.

3. DEFINITION

Acute gastroenteritis is generally defined as a decrease
in the consistency of stools (loose or liquid) and/or an increase
in the frequency of evacuations (typically >3 in 24 hours),
with or without fever or vomiting; however, a change m stool
consistency versus previous stool consistency 15 more indica-
tive of diarthea than stool number, particularly in the first
months of life. Acute diarthea typically lasts <7 days and not
=14 days.

4. EPIDEMIOLOGY

The incidence of diarrhea ranges from 0.5 to 2 episodes

per child per year in children <3 years in Europe.
Gastroenteritis is amajor reason for hospitalization n this
range of age.

Rotavirus is the most frequent agent of AGE; however,
norovirus is becoming the leading cause of medically attended
AGE in countries with high rotavirus vaceme coverage.

The most common bactenial agent 1s either Campylobac-
ter or Salmonella depending on country.

Intestinal mfections are a major cause of nosocomial
infection.

Hospital- and population-based studies showed that 45% to
75% of children with AGE had a pathogenic enteric organism
isolated from their stools. Rotavirus is the most common cause of
AGE in children in all European countries. A comprehensive
literature search in Westem Europe showed an incidence of
rotavirus gastroententis as high as 1.33 to 4.96 cases/100 person
year. Hospitalization rates for rotavins gastroenteritis ranged
from 7% to 81% in varous countres. Nosocomial rotavirus
gastroenteritis accounted for 50% to TP of all cases of hospi-
tal-acquired gastroenteritis, and prolonged hospital stays by 4 to
12 days. This rate had a major impact on costs (7). Rotavirus
serotype predominance appears to change on a seasonal basis
within each country and may even differ between regions of the
same country.

Two oral live rotavirus vaccines, Rotarix and RotaTeq,
licensed in Europe in 2006, were found to have good safety and
efficacy profiles n large clinical trals. A significant reduction of
AGE-related hospital admissions has been reported in countries
with a routine rotavirus vaccination program (8). Although vacei-
nation coverage in European countnies is sall low, changes in AGE
epidemiology have been reported after the mtroduction of rotavirus
vaceination. In fact, the proportion of new ((G12) or selected (G2P4)
strains mncreased in countries after the introduction of vaccination
(9,10).

Norovirus, generally considered the second leading agent of
AGE, is fast becoming a leading cause of medically atiended
gastroententis in countries with high rotavirus vacecine coverage
(11,12). Norovirnuses represent 10% to 15% of causes of hospital-
izations for AGE in Ewropean children, and are often associated

TABLE 1. Strength of evidence and grade of recommendations in support of the recommendations formulated in the 2008 ESPCHAMN/ESPID

guidelines for the management of AGE in children in Europe

Strength of evidence

1 Strong evidence from =1 systematic review(s) of well-designed RCTs

1 Strong evidence from =1 properly designed RCT(s) of appropriate size
11 Evidence from well-designed trials without randomization, single group pre—post, cohort, time series,
or matched case-control studies
IV Evidence from well-designed trials, nonexperimental studies from =1 center or research group
Va Opinion of respected authorities
Wh Clinical evidence, descriptive smdies, or reports of expert committees
Grade of recommendation
A Supported by level 1 evidence, highly recommended
B Supported by level 11 evidence, recommended
[ Supported by level 111 evidence, recommended
(8] Supported by level IV and level V evidence; the consensus route would have to be adopted

AGE =acute gastroenteritis; ESPGHAN = European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; ESPID = European Society for

Pediatric Infections Diseases; RCT =randomized controlled trial.
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TABLE 2. GRADE system

Quality of evidence
High quality
Moderate quality
Low quality

change the estimate
Very low quality  Any estimate of effect is extremely uncertain

Grade of recommendation
Strong
Weak

and undesirable effects are closely balanced)

Further research is unlikely to change our confidence in the estimate of effect
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Further research is extremely likely to have an important impact on our confidence in the estimate of effect and is likely 1o

When the desirable effects of an intervention clearly outweigh the undesirable effects, or they clearly do not
When the tradeoffs are less certain (either because of the low quality of evidence or because the evidence suggests that desirable

GRADE = Grading of Recommendations, Assessment, Development, and Evaluations.

with a more severe pattern of diarrhea, mainly in case of infection
with specific genotypes (GIM and Bristol group) (13,14). Severe
outbreaks owmng to new norovirus vanants were recently reported in
schools and mm day-care centers (15,16). Fmally, norovirus 1s the
first or second cause of AGE in traveler's diarrhea and in diarrheic
patients retuming from tavel (16,17).

A large study in the United Kingdom revealed major changes
in the etiological pattemn of gastroenteritis. In fact, there was a
decline of Salmonella and an increase in the detection of norovirus
and sapovirus (18). Bactenal (mamly Campylobacter and Salmo-
nella) and protozoan organisms are less common causes of AGE. In
addition, Clostridium difficile infection, whose frequency is rapidly
increasing worldwide, has been related to commumity-acquired
acute diarrhea even in low-risk pediatne populations (19,20).

Giardia 15 rarely associated with AGE in immunocompetent
children. Carriage of Giardia or Cryptosporidium in stool 1s low in
children hiving m Europe, namely 1% to 3% m day-care centers
(21,22). Giardia or Cryptosporidium infestation in Europe is fre-
quently asymptomatic; however, AGE outbreaks owing to Cryp-
tosporidium can oceur m children with normal immunity attendmg
day care centers (22).

Asymptomatic carriage m stools of nonpathogenic protozoa
is not mre in children returnmg from tropical countries.

5. RISK FACTORS FOR SEVERE AND/OR
PERSISTENT DISEASE
See supplemental table at hitp:/inks. lwvw.com/MPG/A3TO.

5.1 Is There a Relation Between Severe or
Persistent Diarrhea and Etiology?

Rotavirus s the most severe enteric pathogen of child-
hood diarthea (111, C) (strong recommendation, moderate-
quality evidence).

In children with persistent diarthea the main pathogens
detected are as follows:

* Rotavirus, norovirus, astrovirus, enleroaggregative
Escherichia coli, and atypical E coli (III, C) (weak
recommendation, low-quality evidence).

«  Giardia(l, A) (weak recommendaton, moderate-guality
evidence)

« Cryprosporidivm and Entamoeba histolytica (1L, C)
(weak recommendation, low-quality evidence)

Studies confirmed that viral pathogens, mainly rotavirus,
are the main cause of persistent or severe diarrhea in children in
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Europe, whereas parasites are the main cause i the develop-
ing world (23). In Spain, severe clinical conditions were often
associated with rotavirus infections (24). In a retrospective
Germman study, children with rotavinus infection had significantly
higher severity scores, more diartheal events, and longer-lasting
diarrhea than children with norovirus or adenovins-induced AGE
(25). A prospective survey reported an incidence of 1.2/100,000
cases of extremely severe rotavims diarrhea in Germany, which
included cases of rotavirus-related encephalopathy and deaths
(26).

Although norovirus may induce frequent and severe vomit-
ing (25), norovirus and adenovirus infections are less severe than
those caused by rotavirus (13,2527,28). Salmonella AGE was
found to be associated with more diarrheal episodes/day and longer
duration of diarrhea compared with common viral infections (25).
Comfection with different pathogens 1s associated with a more
severe course of symptoms (29).

Two studies found that parasites (Cryprosporidium,
Giardia, and E hisiolviica) (30-32) and some strains of enter-
otoxigenic E coli (ETEC) (33) are important causes of persistent
diarrhea in developing countries. However, no specific bacterial
species was associated with persistent diarrhea in more than
1000 ¢hildren in Peru (34). Therefore, it was suggested that
there 1s not sufficient evidence to justify the routine use of anti-
microbials for children with persistent diarrhea when etiology 15
unknown (35).

5.2 Is There a Relation Between Host-Related
Factors and Risk of Severe or Persistent
Diarrhea?

5.2.1 Risk Factor: Younger Age

The high incidence of dehydration in infants < 6 months
15 related to a higher exposure to rotavirus (11, C) (weak
recommendation, low-quality evidence).

In developing countnies, a young age (<6 months) 15
related to the seventy and persistence of diarrhea (11, B) (strong
recormmendation, low-guahty evidence).

Two observational studies performed in Ewope evaluated
whether young age 15 a risk factor for specific pathogens of diarrhea
(13.23). In 1 study the ctiology of diarrhea differed between infants
and children age =2 years as follows: viral (98% vs 44%), bacterial
(23% vs 50%), and parasitic (0% vs 31%) (23). Similar findings
were obtained by the other study (13).

Ten studies in developmg countries (31,33,34,36—-42) agreed
that persistent diarrhea was more frequent in infants age <6 months.

WWW.jpgn.org
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5.2.2 Risk Factor: Feeding Practice

Predominant breast-feeding may reduce the risk of AGE
in young European mfants (111, C) (strong recommendation,
moderate-quality evidence).

In developing arcas carly weaning may be associated
with carier onset of severe or prolonged diarrhea (111, C)
(weak recommendation, low-quality evidence).

A prospective study conducted in Spain showed that pre-
dominant breast-feeding for 4 to 6 months reduced the nsk of
gastroenteritis (43), and an earber prospective study conducted m
the United States showed that breast-feedng may prevent severe
episodes of diarrhea (44). Consistent and even stronger evidence of
the benefits of breast-feeding has been reported in developing
countres (31,32,45).

5.2.3 Risk Factor: Underlying Chronic Disease
or Immune Deficiencies

Children with immune deficiencies have a higher nsk of
developing more prolonged and more severe disease (111, C)
(weak recommendation, low-gquality evidence).

Malnutntion and immunodeficiencies are nsk factors
for persistent parasitic diarthea in developmg countries (111, )
(weak recommendation, low-gquality evidence).

C difficile is a major agent of severe diarrhea in selected
chronic diseases such as inflammatory bowel disease (IBD)
and oncologic conditions (111, C) (weak recommendaton, low-
quality evidence).

Children with mmmumodeficiency, undedying chronic con-
ditions, or undergoing treatment may have a more severe and
prolonged course of common diartheal infections (eg, rotavirus or
norovirus), or may be at a greater risk for contracting opportunistic
mfections (eg O difficile, Crypiosporidium, Giardia) (46—-50). C
difficile 1s emerging as a major agent of severe diarrhea in children
with IBD, neoplastic diseases, and other chronie conditions (19, 51,
52; references 51-222 can be viewed at hitpoflinks. bww. com/MP G/
AZIS).

Highly immunosuppressed patients failed to eliminate noro-
virus andhad a higher nsk of developing persistent or chronie diarrhea
(48). Similarly, prolonged antigenemia during rotavirus infection was
reported instem cell transplant recipients (49). A retrospective study
on 6500 children with rotaviral or nonrotaviral AGE did not find a
relation between chronic illnesses and the need for intensive care
treatment (46). In children who underwent renal transplantation,
Cryptosporidium should be suspected i this population (47).

Protein energy malnutrition, vitamin A deficiency, poor
folate status, and prior antibiotic use are risk factors for persistence
of diarrhea m developing countries (40,41,45,53-57).

5.3 Is There a Relation Between the Child’s
Clinical Condition and Risk of Severe or
Persistent Diarrhea?

Loss of appetite, fever, vomiting, and mucus in stools
are frequently associated with persistent diarrhea (111, C)
(weak recommendation, very low-guality evidence).
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Fever, severe dehydration, and lethargy, which are more
common I rotavirus infection, indicate systematic involve-
ment and are associated with severe diarthea (110, C) (weak
recommendation, low-quality evidence).

In developing countries, severe malnutntion, underying
clinical conditions, and concomitant diseases may significantly
affect disease seventy and climcal outcomes in children with
AGE (58). In mdustriahized areas, the seventy of AGE is reflected
by the degree of dehydration; however, persistent diarrhea and
systemic symptoms, which are occasionally observed in children
with AGE, are associated with a worse outcome.

Data on the relation between specific general features and the
risk of severe AGE may be extrapolated from observational studies.
The presence of high-grade fever and severe dehydmtion, as well as
the association of fever and lethargy with typical gastromtestmal
symptoms, probably indicates severe rotavirus-associated AGE
(59,60). Rotaviral AGE is associated with a higher risk of metabolic
disorders, particularly hypoglycemia (46). Benign afebrile seizures,
not melated to severe dehydration or electrolyte imbalance, have
been associated with viral (rotavirus and norovirus) gastroenteritis
(61-64). A considerable number of encephalopathies were reported
in a surveillance study in approximately 100 cases of extremely
severe diarrhea (26). In a retrospective controlled trial of nonty-
phoid Salmonella gastroenteritis, children with diarthea who
appeared toxic or presented seizures at hospital admission were
more likely to have bacteremia than those with isolated gastroin-
testinal symptoms (65). The severe consequences of these data
support the strong recommendation, although the quality of evi-
dence 1s low.

5.4 Is There a Relation Between Setting or
Socioeconomic Factors and Risk of Severe or
Persistent Diarrhea?

Children attending day care centers have a greater risk
of mild and severe diartheal illness than children at home (111,
C) (weak recommendation, low-quality evidence).

In European countries, there s evidence, although
weak, of a link between low socioeconomic status and the
severity or persistence of diarrhea (111, C) (weak recommen-
dation, very low-guality evidence).

Setting (hospital or day care) and socioeconomic factors may
affect the course of AGE because they are associated with increase
exposure to enteric pathogens and to risk of severe or protrcted
diarthea. The risk of nosocomial diarrhea is related to young age
and mereases with duration of hospitalization; it may reach 70% m
young children staying in hospiml for 6 days (7,66,67). The
incidence mate of nosocomial AGE decreased with age (26%—
48% in the first year of life, and 2% to 7% at 24 months) (68),
and mortality due to nosocomial rotavirus AGE may be higher m
children under 12 months of age than in children older than that age
(7). Nosocormal cases tended to be less severe than community-
acquired cases (69), and can be casily prevented by adherence o
hand-hygiene measures (70).

Children attending day care can be casily infected by rota-
virus (71). Stringent hygiene measures (including diaper changing,
hand washing, alcohol-based hand sanitizer, and food-preparation
equipment) may, however, reduce this risk (72,73).
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Two studies on the impact of low sociocconomic status
(estimated wsmg standardized deprivation mndices) on hospital
admission for AGE in UK children produced conflicting results
(74,75).

6. CLINICAL EVALUATION AND DISEASE
SEVERITY

6.1 What Are the Indications for a Medical
Visit?

A telephone riage can be appropriate in the manage-
ment of wmeomplicated AGE or to evaluate the need for a
medical visit (Vb, D) (weak recommendation, low-gquality
evidence ).

Infants and toddlers with AGE should be referred for
medical evaluation if any of the following are present:

¢« Age <2 months (IIL C) (srong recommendation, low-
quality evidence)

« Severe underlying disease (eg, diabetes and renal failure)
(Vb, D) (strong mcommendaton, very low-quality
evidence)

# Peraistent vormting (111, C) (strong recommendaton,
low-quality evidence)

# High-output diarrhea with elevated stool volumes (=8
episodes/day) (11, C) (strong recommendation, low-
quality evidence)

*  Family-reported signs of severe dehydration (Vb, DY
(strong recommendation, very low-quality evidence)

AGE m European countries 15 generally a relatively mild and
self-limiting condition, although it may occasionally evolve into a
serious illness. Most cases may be managed at home. Caregivers
should be encouraged to have oral rehydration solution (ORS) at
home and start admimstering it as soon as AGE sympioms begin in
order to reduce complications and the need for a medical visit.

A telephone consultabon can be appropnate in the manage-
ment of uncomplicated cases of AGE (76). The aim of a telephone
consultation 15 to obtain sufficient information to enable the phys-
ician to estimate the child’s clinical condition and the risk of
dehydmtion. Questions to caregivers should be specific and easy
to understand, and should focus on the following:

+ The child’s age

# The child's risk factors

« Recent medical history

« How long (hours or days) has the child been ill

¢« The number of episodes of diarthea or vomiting, and the
approximate amount of fluxds lost

+  Whether the child is able to reeeive oral fluids

¢« Unne output and hydration state

+ The child's neurological condition.

Infants 2 to 3 months old, although at a relatively low nsk of
diarrhea, may be at a higher nsk of dehydrmtion and complications,
and may need a medical visit. A comparison of AGE guidelines
published up to 2011 showed a significant consistency in the
recommendations  for medical consultation during childhood
AGE (3); however, other guidelines indicated family reliability
as a prerequisite for home management and included *‘reported
signs of severe dehydration’ as an indication for a medical visit
(77-79).
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6.2 How Is Dehydration Assessed?

The best measure of dehydration s the percentage loss
of body weight (Vb, D) (weak recommendation, low-guality
evidence).

Historical points are moderately sensitive as a measure of
dehydration (111 C) (weak recommendation, moderate-quality
evidence).

Classification into subgroups with no or minimal dehy-
dmaton, mild-toe-moderate dehydration, and severe dehydmtion
is an essential basis for appropriate treatment (1, A) (strong
recommendation, moderate-guality evidence).

Parental reports of dehydration symptoms are so low in
specificity that they may not be clmically useful; however,
parental report of normal urine output decreases the likelthood
of dehydration (Vb, C) (strong recommendation, low-quality
evidence).

Little is known about the seventy of diarthea andor
vomiting and dehydragon in industnalized countries; there-
fore, recommendations are largely based on data from devel-
oping countries. In the latter, infants and young children with
frequent high-output diarthea and vomiting are most at risk
(11, C) (weak recommendation, low quality evidence).

Clinical tests for dehydration are imprecise, generally
showmg only fair-to-moderate agreement among examiners
(1L C) (weak recommendation, modemte-quality evidence).

The best 3 individual examination signs for assessment
of dehydmtion are prolonged capillary refill time, abnormal
skn turgor, and abnormal respratory pattern (111, C) (weak
recommendation, moderate-guality evidence).

Classification of dehydration nto no, mild-to-moderate, or
severe 15 typically based on pre- and postillness weight. Postillness
weight gain is considered the eriterion standard for the assessment
of the severity of dehydration. Pruvost et al (80), however, recently
questioned the value of body weight measurement to assess dehy-
dration in children.

Scoring Systems to Assess Dehydration and

Severity of Iliness

The performance of sconng systems depends on settings and
the operator. There 15 no single standard method. Rather, the latter
derives from a compromise between accuracy and reliability on one
side, and operators and setting on the other. It seems reasonable that
different scoring systems are used in outpatient and inpatients.

Although dehydration is the major determinant of severity of
AGE, 1t 15 not the only one. Several sconng systems assess
dehydmation based on chinical signs and symptoms (eg, capillary
refill, skin turgor, urinary output) (dehydration scales). Other scores
evaluate the global climical features based on a cluster of symptoms
{eg, diarthea, vormting, fever) and the need of hospital stay or
follow-up (severity scores).

Clinical Dehydration Scales

It would be helpful to have a common tool to evaluate
dehydration. The use of the Clinical Dehydration Scale (CDS)
15 supporied by consistent evidence, and 1t 15 easy to use n the
assessment of dehydration (111, C) (weak recommendation,
low-quality evidence).

This scale should be used in combination with other
criteria to guide the need of medical interventions in individual
cases (111, C) (weak recommendaton, low-quality evidence).
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TABLE 3. CD5 for children (total scare from 0 to 8)

2

Characteristics 0

General appearance Normal

Eves MNormal Slightly sunken
Mucous membranes (tongue ) Muoist Sticky

Tears Tears Decreased tears

Thirsty, restless or lethargic but irritable when touched

Drowsy, limp, cold or sweaty + comatose
Extremely sunken

Dry

Absent tears

A score of 0 represents no dehydration; a score of 1 to 4, some dehydration; and a score of 5 1o § moderate/severe dehydration. CDS = clinical dehydration

scale.

In 2008 the ESPGHAN/ESPID Working Group observed
that none of the dehydmtion scales available at that time had been
validated in individual patients. Therefore, they concluded that
there was insufficient evidence to support the use of any 1 sigle
scoring system for the management of the individual child.

Starting in 2008, a number of studies were conducted to
validate the CDS for children 1 to 36 months with AGE in the
emergency department (ED) (81). The scale was developed using
formal measurement methodology, namely, item selection and
reduction, reliability, diseriminatory power, validity, and respon-
siveness. It consists of 4 clinical items: general appearance, eyes,
mucous membranes, and tears, Each tem 1s rated from 0 to 2, and
the total score ranges between () and 8. The final 3 categones were
as follows: no dehydrmtion (CDS score: 0), some dehydration (CDS
score: 1-4), and moderate/severe dehydration (CDS secore: 5-8)
(Table 3).

The CDS was validated m several chnical studies. It was
found to be useful n predicting the need for inravenous (I1V)
rehydration (82,83), weight gain (83), need for blood test (83,84),
need for hospitalization (83), and the length of stay in hospital and
in the ED (82,84). CDS was characterzzed by moderate-to-good
interobserver reliability (83,85).

Roland et al (86) proposed astandardized sconng system that
consists of 7 clmical items: mucous membranes, skin turgor, sunken
eyes, respiratory rate, pulse rate, neurological status, and capillary
refill time, each scored 0-2, which is summed for a total score
ranging between () and 10. The study, which involved 100 children
with symptoms of gastroententis, showed that a standardized
scoring system of clinical signs did not reduce the variability
between physicians’ assessments of the dehydrated children.

Other methods of estimating dehydmtion status that may
require specific tools have been evaluated, namely, the wse of
ultrasound to measure the inferior vena cava (IVC) diameter
(87), the ratio of IVC to aorta diameter (88), the aorta to IVC ratio
and IVC inspiratory collapse (89), bedside hand-held bladder
ultrasound scanning (90), and digial videography to measure
capillary refill time (91), or bioelectre impedance (92). Although

some of these methods are promising, further studies are required to
validate these diagnostic tools in the assessment of dehydration
in children.

Severity Scores

Severity scores provide a more global measure of general
chinical mvolvement and include dehydration and other parameters.
Limited but solid evidence support their use. The classic Vesikan
scale is a 20-point score (93) and a more simple score consists of 7
varigbles to differentiate whose scores range between (-8, 910,
and =11, which correspond to mild, moderate, and severe illness,
respectively. Recently, Schnadower et al (94) demonstrated that this
score significantly correlates with the grade of dehydration, hos-
pitalization, and subsequent day care and work absenteeism. The
authors concluded that this score is a reliable tool for the assessment
of the global severity of pastroententis and supported its use m
multsite outpatient clmical tnals (Table 4).

6.3 Is There Any Clinical Feature That May
Suggest a Bacterial Versus Viral Etiology of
Diarrhea?

High fever (=40°C), overt fecal blood, abdominal pain,
and central nervous system imvolvement cach suggests a
bacterial pathogen. Vomiting and respiratory symptoms are
associated with a viml etiology (111, C) (weak recommen-
dation, low-quality evidence).

Mo clincal feature of AGE can differentiate a bacterial from
a viral etiology. Children with viral intestinal infection had signi-
ficantly more respiratory symptoms and presented with more
frequent and longer-lasting vomiting than children with bacterial
intestinal mfection (25). Two observational studies of European
children <5 years, one involving 680 Italian outpatients (60) and the

TABLE 4. Modified Vesikari score

Points 0 1 2 3
Diarrhea duration, h 0 1-96 97-120 =121
Maximum number of diarrheal stools per 24-h period 0 1-3 4-5 =

(in the course of the disease)
Vomiting duration, h 0 1-24 25-48 =49
Maximum number of episodes per 24-h period 0 1 2-4 =5

(in the course of the disease)
Maximum recorded fever, “C <370 3T1-384 i8.5-389 =39.0
Future health care visit 0 — Primary care Emergency department
Treatment None IV rehydration Hospitalization —

Adapted from (94). 1V = intravenous.
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other involving 4880 German inpatients (46), found that rotavirus-
positive AGE is more likely to be associated with fever, dehy-
dration, and electrolyte imbalance than rotavimus-negative episodes.
Compared with other viral infections, rotavirus infection 1s associ-
ated with high-grade fever (>38°C), more frequent diarrheal epi-
sodes (=7/day), and longer-lastmg diarrhea, and, consequently, 1t
results in significantly higher severity scores (25,59,95). In contrast,
children with norovirus mfection have significantly more episodes
of vomiting than children with other viral infections, and in some
cases, vomiting may be the only gastromtestmal symptom (up to
20% of patents present without diarrhea) (25,95).

A pattern of “colitis™ characterized by numerous diartheal
episodes with small amounts of stool (25,96), bloody stools, high
fever, and abdominal pain (96) is more likely to be associated to
bacterial enteric infections.

7. DIAGNOSTIC WORKUP

Acute gastroentenitis does not generally require a
specific diagnostic workup (Vb, D) (strong recommendation,
low-quality evidence).

7.1 Are Microbiological Investigations Useful in
Children With AGE?

Children presenting with AGE do not require routing
etiological mvestigation; however, there may be particular
circumstances in which microbiological mmvestigations may
be necessary for diagnosis and treatment (Vb, D) (strong
recommendation, low-guality evidence).

Microbiological investigations may be considered in
children with underlying chronic conditions (eg, oncologic
diseases, IBDs, ete), in those in extremely severe conditions, or
in those with prolonged symptoms in whom specific treatment
15 considered. (Vb, D) (srong recommendation, very low-
quality evidence).

Microbiological investigation 18 not helpful in most cases.
Stwols should be sampled during outbreaks, especially in childeare,
school, hospital, and residential settings, where there may be a
public health need to identify the pathogen and establish its source.
Children with severe bloody diarrhea or a history of travel to at-risk
areas may benefit from etiology investigation.

7.2 Is There Any Reliable Hematological Marker
of Bacterial Diarrhea?

The differentiation of a bacterial from nonbacterial
etiology 15 not hikely to change treatment. C-reactive protein
(CRP) and procalcitomin measurements are not  routinely
recommended to identify a bacterial etiology (Vb, D) (weak
recommendation, low-guality evidence).

There 15 a lack of good-guality studies of the effectivencss
(reliability) and ability of specific laboratory tests w distinguish
between bacterial and viral gastroenterios (25).
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Evidenece suggests that raised CRP, also measured with the
Quick Read-CRP test (97), can detect bactenal causes of AGE,
although poor evidence quality should be taken mto consideration.
Nomal CRP does not exclude the possibility of bactenal gastro-
enterits. Other acute-phase proteins (interleukin [IL]-6, 1L-8, and
IL-10), and raised erythrocyte sedimentation rate levels were found
to be less accurate than CRP. Procaleitonin seems to be more
effective than CRP in differentiating between viral and bacterial
AGE (98), but additional data are needed before s use can
be recommended.

7.3 Can Any Stool Marker Differentiate a
Bacterial From a Nonbacterial Agent?

Based on avalable data we do not recommend the
routine use of fecal markers to distinguish between viral
and bacterial AGE i the clmical setting (Vb, D) (weak
recommendation, low-quality evidence).

Compared with fecal lactoferrin, fecal calprotectin more
closely reflects intestinal mflammation. This in tun is more fre-
quently associated with a bactenal than with a vimal or pamsitic
etiology.

Both fecal markers (calprotectin and lactofernin) have been
studied mostly in relation to the diagnosis and monitonng of IBD.
Although they are good indicators of 1BD, neither s specific for the
disease. In fact, elevated levels have been found in other diseases of
the gastrointestinal tract, namely, nfectious gastroenteritis, cancer,
polyposis, allergy, celiac disease, cystic fibrosis, protein-losing
enteropathy, necrotizing enterocolitis, immunodeficiency, and
diverticular disease (99).

The evaluation of fecal calprotectin combined with
CRP showed a diagnostic accuracy of 94% for bacterial AGE
(100).

Fecal lactoferrin is higher in patients with Salmonella or
Campylobacter infection than in patients with viral infection (101),
and is significantly correlated with disease seventy measured with
the Vesikan and Clark scores.

7.4 Does Any Biochemical Test Change the
Approach to the Child With AGE?

Tests of dehydration are imprecise, and, generally, there
is only fair-to-moderte agreement with the examiner's esti-
mate (111, C) (weak recommendation, low-guality evidence).

The only laboratory measurement that appears to be
useful in decreasing the likelihood of =3% dehydration is
serum bicarbonate (normal serum bicarbonate) (11, C) (weak
recommendations, low-quality evidence).

Electrolytes should be measured m hospatal settings:

+ In moderately dehydrated children whose history and
physical exammation findings are mconsistent with a
severe diarrheal disease, and in all severely dehydrated
children (Va, D) (srong recommendation, low-quality
evidence).

* In all children starong IV therapy, and dunng therapy,
because hyper- or hyponatrerma will alter the rake at
which IV rehydraton fluds will be given (Va, D) (strong
recommendation, low-quality evidence ).
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Several studies tred to define key clinical and laboratory
markers that can be used to objectively measure the degree of
dehydraton. On the contrary, laboratory studies, including serum
clectrolytes, are generally unnecessary in cases of AGE with mild-to-
moderate dehydration. Laboratory tests may be considered in dehy-
drated children 1f 1V rehydration therapy is started, if there are signs
and symptoms of hypematremia, and in case of shock Serum
bicarbonate, blood urea mitrogen, and low pH combined with a high
base excess correlate best with the percentage of weight loss;
however, none of the laboratory tests studied so far can accurately
estimate the percentage of weight loss in a general pediatric practice.

Serum sodium, potassium, creatinime, blood urea, and glucose
and the level of dehydrmtion were assessed in 251 children admitted o
hospital with AGE (102). In this study, which suffers from severe
methodological lmitations, serum urea was the best among all
parameters i predicting levels of dehydration. The results of this
study are in disagreement with the recommendations on laboratory
testing in AGE set out in the American Academy of Pediatrics
Practice Pammeters (77) and m the previous ESPGHAN/ESPID
guidelines. Owing to the methodological limitations of the above-
mentioned study, there is insufficient evidence to change present
recommendations for biochemical testing in children with AGE.

In summary, there are no data to support the presence and
utility of clinically significant biochemical disturbances in children
with gastroententis. High plasma bicarbonate levels were signifi-
cantly associated with the absence of dehydration, but the practical
usefulness of bicarbonate estimation m the detection of dehydration
15 unclear.

7.5 Is Endoscopy and/or Histology Useful for
the Management of Children With AGE?

There is no indication for endoscopy except in selected
circumstances or cases such as differential diagnosis with IBD
at its onset (Vb, D) (strong recommendation, low-guality
evidence ).

No studies have appeared sice the 2008 guidelines. Endo-
scopy, however, may be useful m the diagnosis of the infectious agent
in hospitalized or at-nisk children presenting with chrome diarrhea.
Such agents as C difficile are associated with a typical endoscopic
pattern of, for example, pseudomembranous colitis (103,104).

8. HOSPITAL MANAGEMENT

Gastroenteritis is a major cause of hospital admission and has
a major mpact on costs (105). Recently, an increase in emergency
admission to hospital has been observed 1n the Umited Kingdom
( 106). The hospitalization rate m the United Kingdom m 2011 was
65.7/10,000 children <5 years (74), although implementation of
guidelines reduced IV rehydration (107). Hospital practice varies
greatly among mstitutions m developed communities, and many
children who are not severely dehydrated are admitted to hospatal
and receive unnecessary interventions; therefore, there s a need for
standardized management (108,109).

8.1 What Are the Indications for
Hospitalization?

The recommendations for hospital admission are based
on consensus and include any of the following conditions
(Vb, D) (strong recommendation, low-quality evidence):
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+ Shock

* Severe dehydraton (>9% of body weight)

« Neurlogical abnommalities (lethargy, seizures, etc)

* Intractable or bilious vomiting

*  Faillure of oral rehydration

« Suspected surgical condiion

+ Conditions for a safe follow-up and home management
are not met

There are no established admission enteria for AGE. Case-
controlled studies cannot be performed for ethical reasons.

Social and logistical concems are still a questionable indica-
tion for hospital admission for AGE (74,75).

8.2 What Hygiene and Isolation Precautions
Are Indicated for a Child With AGE?

Contact precautions are advised in addiion to standard
precautions (hand hygiene, personal protective equipment,
soiled patient-care equipment, environmental control includ-
ing textiles, lundry and adequate patient placement) (Vb, D)
(strong recommendation, very low-quality evidence ).

As indicated by the American Academy of Pediatnes (110)
the following contact precautions are indicated during management
of children with AGE:

« If possible, smgle-patient room (for younger children who do
not control body excretions)

« Gloves (nonstenle)

+« Hand hygiene after removal of gloves

« Gowns should be wom durng procedures and patient-
care activities

Cohorting is discouraged, even if based on etiology, because
of the nsk of harbonng multiple agents that may worsen the disease
(29).

8.3 What Are the Indications for Nasogastric
Rehydration?

When oral rehydration is not feasible, enteral rehydra-
tion by the nasogastric (NG) route is the preferred
method of rehydration, and should be proposed before 1V
rehydration (I, A) (strong recommendation, moderate-quality
evidence).

Enteral rehydration is associated with significantly
fewer major adverse events and a shorter hospital stay than
IV rehydration and 15 successful inmost children (I, A) (strong
recommendation, moderate-guality evidence).

The rapid (40-50 mL/kg within 3—6 hours) and stan-
dard (24 hours) NG rehydration regimens are equally e ffective
and may be recommended (11, B) (weak recommendation,
moderate-quality evidence).

Health care providers and caregivers are more familiar with
IV than with NG rehydration (111). A shift from the former to the
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latter practice requires changes in management strategies, and there
15 no proof of success.

There is no agreement about the amount of fluids that should
be administered through an NG tube. Data on NG rehydration
regimens may be extrapolated from studies included m meta-
analyses (112) and from 2 systematic reviews (113). The regimens
were similar in all trials, and a total volume of 40 to 50 mL/kg for 3
to 6 hours was usually administered.

A randomized, controlled trial { RCT ) conducted in Australia,
which was the only 1 to specifically compare 2 different NG
regmmens in children accessing emergency, did not find any differ-
ences in terms of efficacy and safety between  standard
{>24 howrs) and mapid (4 hours) replacement of fluid losses
(114); however, although the authors concluded that rapid NG
tube rehydmtion may reduce the need for hospitalization, about
one-quarter of mpidly rehydmted patients needed additional fluids
and failed to be discharged.

8.4 What Are the Indications for IV
Rehydration?

IV fluids are required in the following cases (Vb, D)
(strong recommendation, low-quality evidence):

= Shock

* Dehydration with altered level of consciousness or
severe acidosis

« Worsening of dehydration or lack of improvement
despate oral or enteral rehydration therapy

« Perastent vomiting despite appropoate flnd adminis-
tration orally or via an NG tube

+  Severe abdommal distension and ileus

Oral rehydration 1s the first-line treatment for all of the
children with AGE, and an efficacy comparable with IV has been
reparted also m children with severe dehydration (115,116).
Selected clinical conditions may, however, require 1V rehydmation.
The following recommendations denve from expert consensus
opimon and are similar to recommendations in other guidelines
(79,117,118).

Because oral rehydration 1s more effective and less invasive
than IV rehydmtion, administraion of ORS should be attempted
and promoted. Inthe case of children on IV therapy, attempts should
be made to switch to oral rehydration as soon as indications for
parenteral rehydration are no longer observed.

8.5 How to Administer IV Fluids
For Children Presenting With Shock

Children presenting with shock secondary to AGE
should receive rapid IV infusion of isotonic erystallod
solution (0.9% saline or lactated Ringer's solution) with a
20-mL/kg bolus (Vb, D) (strong recommendation, very low-
quality evidence).

If the blood pressure has not improved after the first
bolus, a second (or even a third) bolus of 20 mL/kg should be
administered =10 to 15 mmnutes and other possible causes of
shock should be considered (Vb, D) (strong recommendation,
very low-quabty evidence).

For Children With Severe Dehydration
Without Shock

Children with severe dehydration requiring IV fluids
may receive mpd rehydmtion with 20 mL -kg_' -h ! of 0.9%
saline solution for 2 to 4 hours (11, B) (strong recommendation,
maoderate-quality evidence).

In IV-rehydmted children, a  dextrose-containing
solution may be used for maintenance (111, C) (weak recom-
mendation, low-quality evidence).

A solution containing not <0.45% saline (at least 77
mEg/L [Na™])is recommended duning the first 24 hours of 1V
rehydration thempy to prevent hypomatremia (111, C) (weak
recommendation, low-quality evidence).

After the child starts to unnate and if serum electrolyte
values are known, add 20mEg/L of K™ chlonde (Vb, D) (weak
recommendation, low-guality evidence).

The modality for IV fluid therapy in children has been poorly
studied, and a standardized protocol based on strong evidence of
efficacy is not available. Most reported schemes vary in terms of
volumes, duration, and flud composition, and, in most cases, are
supported only by histone recommendations and personal elimeal
CXPLTICnee.

8.5.1 IV Rehydration Rates

Rapid rehydration with 20 mL-kg™ -h™ for 2 to
4 hours followed by oral rehydration or continuous infusion
of dextrose solution is adequate for mitial rehydration of most
patients requinng hospital assistance (1L B) (strong recom-
mendaton, moderate-quality evidence).

More rapid 1V mchydmtion may be associated with
clectrolyte abnommalities and is associated with long time to
hospital discharge, and therefore is not reecommended (11, B)
(strong recommendation, low-quality evidence).

Rehydration therapy with IV fluids has traditionally been
administered slowly, typically for 24 hours (119). Consequently, it
took a long time to rehydrate children and they remained in hospital
for a prolonged period. The aim of IV rehydration is to replace the
loss of fluids due to AGE and ongoing physiological flud losses
(mamtenanee), which 15 caleulated according to the Holhday—
Segar scheme (120) (Table 5).

Many experts now favor more rapid IV rehydration. In fact,
rapid replacement of extracellular fluids, which improves gastro-
intestinal and renal perfusion, allows carlier oral feedmg and a
faster comrection of electrolyte and acid—base abnormalities, which,
in turn, results in an excellent recovery rate and shorter duration of
hospitalization (121,122). The WHO recommends IV rehydration
be completed within 3 to 6 hours depending on age (123).

TABLE 5. Holliday—Segar method to calculate maintenance fluid

Child’s weight Baseline daily fluid requirement

1-10 kg 100 Ml'kg
10-20 kg 1000 M1+ 50 MUkg for each kg =10 kg
=20 kg 1500 M1+ 20 MUkg for each kg =20 kg
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CGiiven this seenario, vanous scientific societies recommend a
rapid 1V infusion of approximately 20 mL-kg™"-h™" 0.9% saline
for 2 to 4 hours followed by oral rehydration treatment or a
continuous infusion of dextrose-contaming erystalloid solution, if
prolonged IV hydmtion 1s required (77,117,124).

A prospective study that compared a new mapid scheme
(20 mL -kg_' -h~! 0.45% saline in 2.5% dextrose) with a histonic
24-hour rehydration scheme demonstrated a significant reduction in
admission rate and length of ED stay in modemtely dehydmted
children (125). Even faster rehydration schemes are gradually bemg
used in clinical practice with the aim of obtaming faster control of
symptoms, shorter hospital/ED stays, and a reduction of the global
costs of AGE. In an RCT that compared 2 rapid 1V schemes,
tolerance to the admimstration of 50 mL/kg in 1 hour was similar to
that of 50 mL/kg in 3 hours, but it was assocmated with ecarlier
discharge from ED (2 vs 4 hours) (126).

A blinded RCT of children accessing the ED compared the
efficacy of 20 mL/kg (standard regimen) and 60 mL/kg (standard
regimen) of 0.9% saline infusion for 1 hour, followed by 3%
dextrose m 09% saline for mamtenance (127). No difference
was observed between the 2 groups m terms of percentage of
children rehydmated after 2 hours, treatment duration, dehydration
scores, readmission to emergency, or adequate oral intake. In the
same children, those mndomized to wtrampid IV rehydration (60
mL/kg) experienced a greater mean inerease 1in serum sodium and
were less hikely to have a serum sodium deerease =2 mEqg/L than
children receiving standard mate infusion (128); however, the
median time-to-discharge was slightly longer in the ultrarapid than
in the standard group, and more children receiving rapid IV
rehydration were admitted to hospital.

These data and the trend towand worse outcomes in children
with AGE do not support the use of ultrarapd IV rehydration
schemes, and caution should be exercised before recommending the
routine use of such a scheme.

8.5.2 Composition of Fluids for Rehydration

Isotonic (0.9%) saline solution effectively reduces the
nsk of hyponatremia and is recommended for initial rehydra-
tion in most cases. In the rare but extremely severe cases of
shock, Ringer's lactate solution 1s recommended (IL C)
(strong recommendation, low-quality evidence).

Glucose may be added to saline solution once fluid
volume has been restored m the subsequent phase of 1V
rehydraton (“mamtenance™) (111, C) (weak recommendation,
low-quality evidence).

There is no standard flwd composition for IV rehydration
regimens in children with AGE. UK and US guidelines recommend
the use of 1sotonic fluids (0.9% saline or lactated Ringer's solution)
to start IV rehydration to reduce the risk of hyponatremia (79,117),
and m a survey of pediatneians working in EDs in Canada and the
United Sates, 93% of responders presenbed nomal saline for IV
rehydration (129).

A meta-analysis of 6 trials of the effeets of IV rehydration m
children with different illnesses showed that the admimistration of
hypotonic solutions significantly increased the nisk of developing
acute hyponatrernia and was associated with increased morbidity and
lower values of serum sodium after reatment (130); however, only 1
RCT specifically included children with AGE (131). It found that
Na” blood concentration was significantly better i children receiv-
mg standard 1sotonie solution than in those receving the hypotome
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solution. A subsequent retrospective study on children meceving
hypotonic 1V solutions found that 19% of children isonatremic at
admission developed mild hyponatremnia during treatment (132).

Omnee 1V fluds have restored the Mluid volume, children can be
shifted to a dextrose-contaming solution. Glucose added to mamten-
ance solutions may support brain metabolism and reduce body protein
catabolism and sodium loss( 133). A case—control study on preschool
children with AGE demonstrated that children who received smaller
amowunts of dextrose-containing IV solution to correct dehydmtion
were significantly more likely to retum to hospital and be admitted,
irespective of the amount of fluid admmistered (134).

8.5.3 Treatment of Hypernatremia

Oral or NG rehydration with hypoosmolar ORS 15 an
effective and safe treatment and has fewer adverse effects than
IV rehydmtion (III, C) (weak recommendation, very low-
quality evidence ).

If the child 15 hypematremic and needs 1V rehydration:

¢ Use an isotonic solution (0.9% saling) for flud deficit
meplacement and mammtenance (I, C) (strong mecom-
mendation, very low-quality evidence).

* Replace the fluid deficit slowly, typically for 48 howrs,
with the aim of reducing it to < 0.5 mmol- L™' - h™" (111,
C) (weak recommendation, very low-guality evidence ).

* Monitor plasma sodivm frequently (Vb, D) (weak
meeommendation, very low-quahty evidence).

Hypermatrermie dehydmtion (Na™ = 145mmol/L)is mre dunng
AGE; its frequency varies between < 1% to 4% ofcases depending on
setting and defimition (135-137). In children with hypematremia,
dehydration may be underestimated owing to the lack of typical
climical signs; children (mamnly infants <6 months) may present with
““doughy™ skin, tachypnea, and neurological signs, namely increased
muscle tone, hypermreflexia, convalsions, drowsiness, or coma.

The route of fluid admimnistration does not seem to affect the
risk of hypematremia acquired durnng rehydration therapy. In a
Cochrane review that compared the effects of enteral and 1V
rehydration, the incidence of hypernatremia did not differ statisti-
cally between the 2 types of rehydration (112). An early trial that
compared enteral rehydration with ORS versus IV rehydmtion with
Ringer’s solution reported a higher rate of seizures (25% vs 6%) in
children undergoing IV rehydration (116).

Two retrospective studies demonstrated the safety of 1V
rehydration in children with hypernatremic dehydration. The first
study reported good outcomes in children treated with mamtenance
fluid plus 50 (moderately dehydrated) or 100 (severely dehydrated)
mL/kg IV solution contaming approximately 60 mmol'L Na (Na™
blood level should not be reduced faster than 0.6 mmol -L™" -h™"
(138) A more recent retrospective study confirmed the efficacy of
normal 0.9% saline given as bolus followed by a48-hour infusion of
0.%% saline in 5% dextrose for treatment of diarthea-related
hypematrermia (139).

8.6 Can Any Therapeutic Intervention Reduce
the Length of Hospital Stay?

Administration of effective probiotic strams reduce the
duration of hospital stay and may be considered in children
admitted with AGE (11, B) (srong recommendation, low-
quality evidence).
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Hospitahized children with severe rotavirus gastroenter-
itis may benefit from oml admimstration of serum immuno-
globulins (111, C) (weak recommendation, very low-gquality
evidence ).

Lactose-free formulas can be considered in the manage-
ment of AGE in hospitalized cluldren age <5 years (I, A)
(weak recommendation, low-gquality evidence).

Once a child with AGE has been admitted, the time spent in
the hospital depends on the underlying clinical condition, and
essentbially the duration of diarrhea, vomiting, and the ability to
tolerate oral rehydration. The smmple replacement of lost fluids does
not shorten the course of diarrhea, but mterventions to reduce the
duration of symptoms may be applied.

Probiotics

Several probiotic strains have been tested in hospitabzed
children with different results. Despite consistent evidence that
probiotics reduce the duration of diarrhea, there is only weak evidence
for their efficacy in reducing the duration of hospitalization.

A review reported that adminsstration of probiotics in hos-
pitalzed children reduced the mean length of hospitalization by
1.12 days (95% confidence mterval [CI] —1.16 to 0.38) (140).
Compelling evidence i support of effective strains is available for
Lactobacillus rhamnosus GG and 8 boulardii. A subgroup analysis
of 4 RCTs (n=1615) showed a reduction in the dumtion hospi-
talization for children treated with Lactobacillus GG (LGG) com-
pared with the control group (mean difference [MD]=0.82 day,
95% C10.95 to —0.69). This result was, however, not confimmed ina
random-¢ fTects model (MD = 1.42 days, 95% C1 3.05-0.21) ( 141),
probably because of a borderline difference in the dumation of
diarrhea between treated and control children (n= 1768, MD
0.61 day, 95% C1 1.4-0.19).

Few tnals have examined the effect of § bowlardii on
hospitalization. A review reported that admmistration of this pro-
biotic strain may reduce the duration of hospitalization n inpatient
children (n =449, MD = —0.8 day, 95% CI —1.1 © —0.5) (142).
Although data on hospital stay are not conclusive, the use of
probiotics m this seting may have significant impact on the health
care burden of AGE and diarthea-associated costs.

Nutritional Interventions

A Cochrane review (143) evaluated the efficacy of lactose-
free vs lactose-contaiming diets in children age <5 years. The
review (33 tmals, 2973 children) mncluded 29 studies conducted
exclusively on inpatients, all from high- or middle-income
countries. Compared with lactose-contaming milk, milk products,
or foodstufts, lactose-free products were associated with a reduction
of diarthea in hospitalized children by approximately 18 hours (MD
—17.94, 95% CI —26.28 to —9.59, 14 trials, 1342 participants).
Treatment failure was defined in various ways (continued or
worsening diarrhea or vomiting, the need for additional rehydration
therapy, or continuing weight loss and lactose-free products
reduced treatment farlure with a relative nsk of 0.52 (95% C1
039-0.68, 18 trials, 1470 participants). Data were, however,
different in outpaticnts setting.

Other Treatments

Oral administration of immunoglobuling in rotaviral AGE
reduced the length of stay in severe and/or mmunocompromised
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patients and in patients with severe diarrheal episodes (see Antiviral
Treatment).

Other drugs such as smectite (144,145) and racecadotril
(146) have proven effective n reducing the duration of symptoms
in children with AGE (see Pharmacological Therapy).

A recent article comparing the efficacy of a product contain-
ing smectite and LGG versus LGG alone in children hospitalized for
AGE demonstrated a sigmficantly shorter duration of IV therapy
but did not find any effect on duration of hospitalization (147).

A determimistic and probabilistic sensiivity analysis on the
economic impact of racecadotnl showed a reduction in hospital
costs related to an AGE event of approximately £380 compared
with ORS. The amount spared is related to pnmary care reconsulta-
tion and, mainly, to sccondary care costs (148).

8.7 When to Discharge a Child Admitted
Because of Acute Gastroenteritis

Prompt discharge from hospital should be considered in
children admitted for AGE when the following conditions are
fulfilled (Vb, D) (weak recommendation, low-quality evi-
dence):

« Sufficient rehydrationis achieved as indicated by weight
gain and/or clinical status

IV fluids are no longer required

Omal intake equals or exceeds losses

Medical follow-up is available via telephone or office
visit

A child may be discharged from hospital when he or she no
longer needs thempeutic or diagnostic procedures that must be
performed in a hospital setting and when the family is able to
safely manage him or her at home. In most cases, this does not
correspond with complete recovery from AGE and complete
cessation of diarrhea. It 1s important to distinguish between
discharge from hospital and the child’s retum to a normal social
life; the latter may require some extra days after discharge when
the stools become more formed and the child has a better control
and a frequency of evacuations. An early hospital discharge may
result in readmission to the ED; however, in a recent retrospective
analysis of 40,000 children with acute illnesses discharged from
the ED on the same day as admission, AGE was not related to a
higher risk of readmission (149). Providing effective information
may improve caregivers’ ability to manage their child at home
and hence reduce the possibility of readmission to hospital. A
recent nonrandomized educational trial demonstrated that verbal
reinforcement of written discharge instructions by a discharge
facilitator improves parental recall of discharge instructions for
AGE (150).

9. TREATMENT

9.1 Rehydration
9.1.1 Reduced Osmolarity ORS

Reduced osmolarity ORS (50/60 mmol/L Na) should be
used as first-line therapy for the management of children with
AGE (1, A) (strong recommendation, moderte-quality evi-
dence).
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Reduced osmolarity ORS 1s more effective than full-
strength ORS asmeasured by such important clinical outcomes
as reduced stool output, reduced vomiting, and reduced need
for supplemental IV themapy (1, A) (strong recommendation,
moderate-quality evidence).

The ESPGHAN solution has been used successfully in
several RCTs and in a number of non-RCTs in European
children. It may be used in children with AGE (11, A) (strong
recommendation, moderate-quality evidence ).

Modified ORS

There is msufficient evidence to recommend in favor or
against the univessal addition of emriched ORS (11, B) (weak
recommendation, low-quality evidence).

Efforts to improve the efficacy of ORS continue. These
imclude the addition to ORS of zine (151), zine and prebiotics
(fructooligosaccharides and xylooligosacchandes) (152), glucose
polymers (153) (154), v-soleucine (155), or honey (156).
Although some interventions ame promising, no major break-
through has been made since the discovery of the scientific basis
for oral rehydration and the mtroduction of ORS into daily
practice. Furthermore, most studies were carmed out in low-
income countries, which limits their relevanee to the European
population.

There 1s limited evidence for similar efficacy of ORS
with standard taste and ORS with mproved taste (IL B) (weak
recommendation, moderate-guality evidence ).

Frozen fruit-flavored ORS is better tolerated than con-
ventional ORS (1L C) (weak recommendation; very low-
quality evidence).

Three RCTs investigated ORS with mmproved taste.
Two were conducted on healthy children (157,158) to test accep-
tance. One RCT that compared an apple-flavored hypotonic
ORS with a regular hypotonic ORS 1in outpatients showed that
they were equally effective and may be used interchangeably
(159).

One controlled, crossover tnal compared standard ORS with
flavored frozen solution. Children were more likely to tolerate the
frozen solution than the conventional solution (P < 0.001). For
treatment fatlures, after crossover, a significantly higher percentage
of children tolerated the full amount of the frozen solution than the
reverse (160).

9.2 Nutritional Management

Both the ESPGHAN/ESPID guidelmes and the Natiomal
Institute for Health and Care Excellence guidelines agree on the
key recommendations related to the diagnosis and management of’
AGE, including fast oral rehydration with rapid reintroduction of
previous regular feeding, All guidelines state that breast-feeding
should be continued throughout rehydmtion, an age-appropriate
diet should be started during or after mitial rehydration (4—6 hours),
and dilution of the formula or the use of'a modified milk formula is
usually unnecessary.
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9.2.1 Early Versus Late Feeding of a
Child With AGE

Early resumption of feeding after rehydration therapy is
recommended. Further studies are, however, needed to deter-
mine whether the tming of refeeding affects the duration of
diarrhea, total stool output, or weight gain in childhood acute
diarrhea (I, A) (strong recommendation, low-quality evi-
dence).

Early refeeding has been advocated to enhance enterocyte
regeneration, promote recovery of brush-border disacchandases,
nutnent absorption, and weight gam. Early studies showed that
early refeeding has a significant nutritional advantage, especially m
malnourished children.

A recent Cochrane review analyzed the data on early (food
mtake dunng or mmediately afer rehydration onset) versus late
refeedmg (food intake 20 to 48 hours after rehydmtion onset) m
children age < 10 years with acute diarthea. The review mcluded 12
trials (1226 participants) published between 1979 and 1997, Only 2
trials considered the participants’ nutritional status. The type of
feeding included breast mulk, or cow’s-milk formula (full-strength
or half-strength), or soy- or rice-based formula. There was no
significant difference between carly and late refeeding groups m
the number of participants who needed unscheduled 1V fluids (6
trials with 813 participants), who experienced episodes of vomiting
(5 trials with 466 participants), and who developed persistent
diarrhea (4 tnals with 522 participants). The mean length of hospital
stay was also similarin the 2 groups (2 mials with 246 participants).
Overall, diarthea lasted longer i the late refeeding group than in the
early refeeding group, although the MD was not significant. The
comparison of the mean total stool volume in the first 24 and 48
hours (3 trials) after starting rehydration showed significant hetero-
geneity and no conclusion could be drawn. No difference was
observed in the mean percentage weight gain at the 24th hour after
starting rehydration or at resolution of 1llness (4 trials). No adverse
effects were associated with the practice of carly refeeding, as
reported in the Cochrane meta-analysis. Most studies were, how-
ever, conducted =20 years ago, and some mportant outcomes
could not be assessed because of methodological diversity (161).

9.2.2 Are Modified Formulas Indicated for AGE?

The routine use of lactose-free feeds is presently not
recommended in outpatient setting (1, A) (strong recommen-
dation, low-quality evidence).

There is insufficient evidence to recommend in favor or
against the use of diluted lactose-containing milk (I, A) (weak
recommendation, low-quality evidence).

There is some evidence that lactose-free feeds can decrease
the duration of diarthea compared with lactose-containing feeds,
but the evidence is limited in outpaticnts. As reported above (see
section Can Any Therapeutic Intervention Reduce the Length of
Hospital Stay?), a recent Cochrane review (143) demonstrated a
shorter duration of diarhea in hospitalized children receiving
lactose-free  products compared with lactose-contaming  milk.
The only 2 studies including outpatient children (143 participants),
however, did not find any significant effect of lactose-free formulas
on diartheal duration (7.59 hours 95% Cl —83.51 to 98.69).
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Diluted lactose-containing milk did not reduce diarrhea
duration compared with undiluted milk or milk products (5 trals,
417 participants), but showed a potential for reducing the risk of
prolonged or worsening diarthea (relative nsk 0,65, 95% CI 0.45—
0.94, 9 trials, 687 participants).

9.2.3 Milk-Free Mixed Diets, Cereal-Based
Milk/Formulas, Home Available Staple Foods,
and Other Types of Food or Drinks

The bread, nee, apple, toast (BRAT) diet has not been
studied and 15 not recommended (Vb, D) (strong recommen-
dabon, low-gquality evidence).

Beverages with a high sugar content should not be used
(I, ) (strong recommendaton, low-guality evidence).

There is a lack of new good-quality evidence to support a
change of the present recommendations with regard to nutritional
management dunng AGE in children in Europe.

An RCT, published after the 2008 guidelines, performed in
Bangladesh in children undergoing standard antibiotic treatment for
Shigella, compared a nce-based diet supplemented with green
bananas versus nce-based diet wathout green bananas. Bloody
diarrhea was reduced in the green banmana group (96% vs 60%)
(162).

9.3 Pharmacological Therapy

9.3.1 Antiemetics
Ondansetron

Ondansetron, at the dosages used in the available stu-
dies and administered orally or intravenously, may be effective
in young children with vomiting related to AGE. Before a final
recommendation i made, a clearance on safety in children is,
however, needed (11, B) (strong recommendation, low-quality
evidence ).

The authors of a meta-analysis (163) of 6 RCTs found that
ondansetron therapy decreased the nsk of persistent vomiting,
reduced the need for IV fluids, and decreased the risk of immediate
hospital admission in children with vomiting as a result of gastro-
ententis; however, compared with placebo, ondansetron signifi-
cantly mereased stool outputs mn treated patients, and it did not
affect return to care.

A more recent Cochrane review (164) included 7 RCTs that
compared ondansetron therapy with placebo and 4 of these mves-
tigated oral route of administration. Children age <18 years who
presented with vomiting and had a clinical diagnosis of gastro-
ententis were enrolled. Compared with placebo, ondansctron sig-
nificantly mereased the proportion of children with cessation of
vomiting, and reduced the need for IV therapy and the immediate
hospital admission rate. In 3 RCTs, there was a significantly
mereased rate of stool outputs m the ondansetron  group
(P<0.05). A entical overview of data available in the Cochrane
database of systematic reviews showed that children who received
omral ondansetron had lower hospital admission rates w ED com-
pared with placebo and lower risk of receiving IV rehydration ( 140).

Only the Canadian Pediatric Society (165) has recommended
that oral ondansetron therapy, as a single dose, be considered for
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children from 6 months to 12 years of age with vomiting related o
suspected AGE, and who have mild-to-moderate dehydration or
who have failed oral rehydration therapy. The use of ondansetron
was not recommended in children with AGE predominantly pre-
senting as moderate-to-severe diarthea because one of the most
common adverse effects of ondansetron is increased frequency of
diarthea. Of note, although outside the context of diarrhea, in a
“*black box™ alert 1ssued in September 2011, the Federal Drug
Agency recommended electrocardiogram monitoring in patients
with ““electrolyte abnormalities (eg, hypokalemua or hypomagne-
semia)”” who are receiving ondansetron because they may be at nsk
for developing prolongation of the QT interval, which can lead toan
abnormal and potentially fatal heart rhythm, including Torsade de
Pointes (166).

Other Antiemetics

There is no evidence to support the use of other antie-
metics (1L B) (strong recommendation, low-guality evidence).

The effects of the antiemetics dexamethasone, dimenhydri-
nate, gramsetron, and metoclopramide have also been studied using
a meta-analytic approach (163,164). These analyses mdicate that
there is no evidence to support the use of dexamethasone or
metoclopramide, and there is only limited evidence that granisetron
or dimenhydrimate stops vormting. A double-blind RCT, pubhished
after the above meta-analyses, confimmed that compared with
placebo, oral dimenhydrnnate did not affect the frequency of
vomiting in children 1 to 12 years of age with AGE (167).

The protocol of a new multicenter RCT comparing oral
ondansetron versus domperidone for symptomatic treatment of
vomiting durmg AGE i children has been published (168). A
multicenter RCT conducted in 56 Japanese children with AGE,
however, failed o show the efficacy of domperidone with ORS
compared with ORS alone in reducing early vomiting in AGE (169).
A waming about possible cardiac effects by domperidone was
released m March 2014 by the European Medicines Agency, with
specific reference to its use in children with vomiting (hap:#
www.ema.enropa.ew/docsfen_GB/document_librarv/Press_release/
201403/WC 500162558, pef).

9.3.2 Antimotility or Antiperistaltic Drugs
(Loperamide)

Loperamide 1s not recommended in the management of
AGE in children (11, B) (strong recommendation, very low-
quality evidence).

No new RCTs were identified.

9.3.3 Adsorbents
Diosmectite

Diosmectite can be considered in the management of
AGE (1L B) (weak recommendation, moderate-quality evi-
dence).

Two RCTs have been published smee the previous guide-
lines; however, neither was performed in a high-income country.
Dupont et al (144) camied out 2 parallel, double-blind studies w
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evaluate the efficacy of diosmectite on stool reduction in 602
children with acute watery diarrhea from 2 countries (Peru and
Malaysia). The results are reported separately for the 2 populations
because of differences n the definitions of some outcomes. In Peru
(n=300), the 72-hour cumulative stool output was lower
(P=10.032) and diarrhea duration shorter (P = 0.001) in the dios-
mectite group than in the placebo group. The positive effect of
diosmectite was confirmed m both rotavinus-positive and rotavirus-
negative children. In Malaysia (n=302), the 72-hour stool output
was also significantly lower in children who received diosmectite
than 1n controls (P = 0.007). The median duration of diarrhea was
significantly shorter i children who received diosmectite than
controls (P = 0.001); however, the beneficial effect was observed in
rotavirus-negative children only.

A more recent open RCT carried out in India also found that
diosmectite reduced the duraton of diarthea and prevented a pro-
longed course (145). The time for resolution of the diarrhea was
sigrificantly shorter (P < 0.001) as was the total duration of diarthea
(P < 0.001) in the diosmectite group than m the control group.

Diosmectite Plus LGG

Smectite plus LGG and LGG alone are equally effec-
tive in the treatment of young children with AGE. Combined
use of the 2 interventions is not justified (11, B) (weak
recommendation, low-quality evidence).

In countries where both LGG and smectate are available, ther
concomitant use is frequently practiced. One double-blind placebo-
controlled RCT compared LGG plus smectite with LGG alone
{147). The duration of diarrhea was simular (P =0.43) in the LGG/
smectite (n=44) and LGG/placebo groups (n= 37).

Other Absorbents

Other absorbents (namely, kaolin—pectin and attapul-
gite-activated charcoal) are not recommended (111 C) (weak
recommendation, very low-quahity evidence).

Only 1 mial (not dentified in the 2008 edison of the
ESPGHAN/ESPID guidelmes) was found for activated charcoal.
This RCT (n = 39; children ages 6 weeks to 10 years with AGE and
severe dehydration), whose methodology 1s questionable (unclear
randomization, allocation concealment, follow-up, and bascline
comparability), found a signficant reduction in the duration of
diarrhea, and reduced ORS ntake n the group receiving activated
charcoal compared with the control group. There was no significant
difference in the mean IV therapy requirement between the groups
(170).

9.3.4 Antisecretory Drugs
Racecadotril

Racecadotrl can be considered in the management of
AGE (1L B) (weak recommendation, modemte-quality evi-
dence).

Arecent individual patient data meta-analysis ( 146) assessed
the efficacy of racecadotril as an adjunct to ORS compared with

wwwjpgn.org

39

ORS alone or with placebo. Raw data from 9 RCTs involving 1348
children ages 1 month to 15 years with AGE were available for the
analysis. The expenmental reatment was compared with placebo,
with no treatment (2 RCTs), and with kaolin—pectin (2 RCTs, the
latter was not in line with the authors’ objectives). There were 4
studies in the inpatient setting, and 5 studies in the outpatient
setting. Compared with placebo, racecadotril significantly reduced
the duration of diarthea. Almost twice as many patientsrecovered at
any time 1 the racecadotnl group vemsus the placebo group
(P<0.001). There were no mteractions between treatment and
dehydmation, motavirus imfection, type of study (outpatientinpati-
ent), or country. In the studies of impatients, the mtio of mean stool
output racecadotril/placebo was reduced (F < 0.001). In outpatient
studies, the number of diarrheal stools was lower in the racecadotril
group (P < 0.001). In the responder analysis (defined as a duration
of diarrhea of <2 days), the proportion of responders was signifi-
cantly higher m the racecadotnl group than in the placebo group
(50.3% vs 25.8%, respectively). By adjusting for dehydration and
rotavirus, the absolute nsk difference was 24 7% (95% C1 19.8—
20.7), and the associated number needed to treat was 4. The
secondary need for care i outpatients was significantly in favor
of racecadotril in 2 studies. Also, the need for IV therapy was lower
in the racecadotril group than in the placebo group. There was no
difference in the incidence of adverse events between the groups.

Bismuth Subsalicylate

Bismuth subsalicylate 1s not recommended in the
management of children with AGE (111, C) (strong recom-
mendation, low=gquality evidence).

No new RCTs were identified.

Zinc

Children age =6 months in developmg countries may
benefit from the use of zine in the reatment of AGE; however,
in regions where zine deficiency 1s rare, no benefit from the
use of zine is expected (I, A) (strong recommendation,
modemte-quality evidence).

Three new meta-analyses of the use of zine for treating AGE
in children have been published. The first one identified 18 RCTs,
mostly performed in developing countries where zine deficiency is
common, mvolving 11,180 participants. The use of zine was
associated with a significant reduction in diarthea duration and
risk of diarthea lasting =7 days, but not with a significant reduction
in stool volumes (171). The second meta-analysis found that zme
supplementation reduced the mean duration of acute diarthea by
19.7% (19 RCTs, n==58957) and the mean duration of persistent
diarthea by 15% to 30%; however, zme supplementation had no
effect on stool frequency or stool output, and it mereased the risk of
vomiting (172).

A recent review (173) identified 24 RCTs companng oral
zine supplementation with placebo in children ages | month o
5 years with acute diarrhea, who were mainly from developing
countries wherein zine deficiency 1s common. Interestingly, m
children age <6 months, zine supplementation did not affect the
mean duration of diarrhea and it may increase the risk of diarrhea
persisting until day 7. In children =6 months, zinc reduced the
duration of diarrhea, and the nsk of diarrhea persistmg until day 7.
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Omnly 1 RCT has been carried out in Europe. In this trial, 141 Polish
children with AGE ages 3 to 48 months were randomized toreceive
zine sulfate or placebo for 10 days. Diarthea duration did not differ
significantly between the groups (P = 0.03), neither did secondary
outcome measures, namely, stool frequency on days 1, 2 and 3,
vomiting frequency, IV {luid intake, and the number of children
with diarrhea lasting >7 days (174). At least 1 large trial in a high-
income country (USA) of oral zine for the treatment of acute
diarrhea 15 presently m progress (clinicaltrialy. gov NCTO1198587).

9.3.5 Probiotics

Active treatment with probioties, m adjunet to ORS, 15
effective in reducing the duration and mtensity of symptoms
of gastroententis. Selected probiotics can be used in children
with AGE (I, A) (strong recommendation, moderate-quality
evidence ).

New evidence has confirmed that probiotics are effec-
tive in reducing the duration of symptoms in children with
AGE (1, A) (strong recommendation, moderte-quabty evi-
dence).

The use of the following probiotics should be con-
sidered in the management of children with AGE as an adjunct
to rehydration therapy:

L rhamnosus GG and § bowlardii (L A) (strong
recommendation, low-quality evidence).

With regard to probioties, these gudelmes endorse the
document developed by the ESPGHAN Working Group on Pro-
biotics and Prebiotics, which provided recommendations for the use
of probiotics for the reatment of AGE m infants and children ( 175).
In brief, these recommendations were based on a systematic review
of previously completed systematic reviews and of RCTs published
subsequently to these reviews. Probiotics (as a group) reduced the
duration of diarrhea by approximately 1 day; however, probiotic
effects are strain-specific, so the efficacy and safety of cach should
be established. Moreover, the safety and climcal effects of 1
probiotic microorganism should not be extmpolated to other pro-
biotic microorganisms. A lack of evidence regarding the efficacy of
a certam probiotic(s) does not mean that future studies will not
establish health benefit(s). For details, see Table 6. According to the
ESPGHAN Working Group on Probiotics and Prebiotics, the use of
the following probiotics may be considered in the management of
children with AGE in addition to rehydration therapy: L rhamnosus
GG (low-guality evidence, strong recommendation), § bowlardii
(low-quality evidence, strong recommendation), based on a con-
sistent amount of evidence in various settings.

L reuteri DSM 17938 was also meluded m the list of strains
recommended (weak recommendation, very low-quality evidence).
Another heat killed Lactobacillus strain (L acidophilus LB), which
cannot be defined a probiotic strain, demonstrated some efficacy in
reducing AGE-related symptoms in pediatric age (weak recom-
mendation, very low-gquality evidence) (175).

9.3.6 Synbiotics

None of the synbiotics studied thus far can be recom-
mended until confrmatory data are available (11, B) (weak
recommendation, low-quality evidence).

Synbiotics were not addressed in the previous ESPGHAN/
ESPID guidelines owing to lack of data. Three RCTs evaluated the
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efficacy of synbiotics for the management of AGE. The first RCT
compared the efficacy of a combination of 5 probiotic strams (Str
thermophilus, L rhamnosus, L acidophilus, B lactis, and B infantis)
and fructooligosacchardes in 111 children with acute diarrhea
(median age 40 months) (176). The median duration of diarrhea
was significantly shorter in the synbiotic group than in the placebo
group (P < 0.005), The number of children with nomalized stool
consistency was higher at day 2 (P < 0,001 ) and at day 3 (P << 0.001)
in the synbiotic group than in the placebo group. Moreover, fewer
additional medications (antipyretics, antiemetics, antibiotics) were
administered in the synbiotic group.

In the second single-blinded RCT, which mcluded 209
Turkish hospitalized children, the efficacy of treatment with Lac-
tobacillus acidophilus, L rhamnosus, Bifidobacterium bifidum, B
longuen, and Emterococcus faecium at a dose of 2.5 x 10° CFU, and
625 mg fructooligosaccharide for 5 days was evaluated. Adminis-
tration of the synbiotic mixture in addition to conventional rehy-
dration therapy compared with rehydration only reduced the
duration of diarrhea and the dumation of hospitalization (177).

In the third RCT (178), which included 107 Italian children
ages 3 to 36 months, another synbiotie combimation (L paracasei
B21060 plus ambinogalactan and walooligosacchandes) also
appeared to be beneficial. Resolution of diarrhea at 72 hours was
significantly more frequent in children who received the synbiotic
combination than in the placebo group (F=0.005). Moreover,
children in the synbiotic group experienced a significant reduction
in the total duration of diarthea (P = 0.04), number of stool outputs
48 to 72 hours after treatment (P = 0.005), and stool consistency
score 48 to 72 hours after treatment (P =0.002). The percentage of
patients requiring hospitalization, percentage of parents that missed
at least 1 working day, and rate of use of adjunct medications were
also significantly lower in the synbiotic group.

9.3.7 Prebiotics

The use of prebiotics in the management of children
with AGE 15 not recommended (11, B) (weak mecommen-
dation, low-quality evidence).

No new trials identified.

9.3.8 Micronutrients

Folic acid is not recommended for the management of
children with AGE (11, B) (weak recommendation, very low-
quality evidence).

9.3.9 Gelatine Tannate

Gelatine tannate 1s not recommended for the manage-
ment of children with AGE (111, C) (weak recommendation,
very low-quality evidence)

Gelatine tannate 15 a mixture of tannie acid and gelatin, Tanmnic
acid has stnngent properties owing to its capacity to form protein—
macromolecular complexes, as well as anobactenal, antioxidant, and
anti-inflammatory properties (179). One clnical tnal (no random-
1zation, no blinding, wnbalanced baselhne charactenistics) mn 211
children ages 3 months to 12 years with AGE (>3 hquid stools
for <72 hows) found a significant decrease in stool number and
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TABLE 6. Probiotics for treating acute gastroenteritis (recommendations developed by the ESPGHAN Working Group on probiotics/prebiotics)

Strain(s) Quality of evidence Recommendation Dose
Probiotics with a positive recommendation
LGG Low Strong = 10" CFUiday (typically 5-7 days)
Saccharomyces boulardii Low Strong 250750 mg/day (tvpically 5-7 days)
Lactobacillus rewteri DSM 17938 Very low Weak 10°-4 = 10° (typically 5-7 days)
Heat-killed Lactobacillus acidophilus LB” Very low Weak Minimum 5 doses of 10" CFU
for 48 h; maximum 9 doses of
10'" CFU for 4.5 days
Cuality of evidence Recommendation Reason
Probiotics with a negative recommendation
Enterococcus faecium (SFO strain) Low Strong Safety issues (a possible

recipient of the vancomycin-
resistance genes)

Reason for a lack of

Quality of evidence recommendat ion

Probiotics with a lack of recommendation
E coli Nissle 1917
L acidophilus
L acidophilus rhamaesus 573071, 5T3L72, 573L/3
L paracasei ST11
L acidophilus, L rhamnosus, B longum, 5 boulandii

L helveticus RO052, L rhamaosus ROO1 1

Bacillus mesentericus, Clostridium butyricum,
Enterococcus faecalis

L delbrueckii var bulgaricus, L acidophilus,
Str thermophiles, B bifidum (strains LMG-P17350,
LMG-P 17549, LMG-P 17503, and LMG-P 17500)

Rifidobacterium lactis Bbl2

B lactis Bb12, Str the muophiles TH3

Bacillus clausii (O/CB4, N/RE4, TR, SINE4)

L acidophilus, L paracasei, L bulgaricus, L plantarum,
B breve, B infantis, B longum, Str the rmoph iles

L acidophilus, B infantis

L acidophilus, B bifidum

Very low Methodological issues
Very low No strain identification
Moderate Only 1 RCT available
Moderate Only 1 RCT available
Moderate Only 1 RCT available; no
strain identification
Wery low Only 1 RCT available
Very low Only 1 RCT available; no
strain identification
Wery low Only 1 RCT available
No data Lack of data
Wery low Only 1 RCT available
Low Only 1 RCT available
Very low Only 1 RCT available; no
strain identification
Very low No strain identification
Very low No strain identification

CFU =colony-forming unit; ESPGHAN = European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; LGG = Lactobacillus GG

RCT = randomized controlled trial.
" 'This is not a probiotic sirain being heat killed.

improvemnent in stool consistency in the group treated with ORS plus
gelatn tanmate compared with ORS alone (180).

9.4 Anti-Infective Therapy

Anti-infective therapy should not be given to the vast
majonty of otherwise healthy children wath acute gastroen-
teritis (Va, D) (strong recommendation, low-quality evi-
dence).

Acute gastroententis i a child without significant under-
lying disease is usually self-limited regardless of the etiologic
microorganism, which 15 seldom known at the onset of symptoms.
Even without specific antimicrobial therapy, clinical recovery
generally occurs withm a few days and the causative organism is
cleared in a relatively short time, usually within a few days or
wieeks., Complications are uncommon.
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9.4.1 Antimicrobial Therapy of Bacterial
Gastroenteritis

Antibiotic therapy for acute bacterial gastroententis 1s
not needed routinely but only for specific pathogens or in
defined clinical settings (Va, D) (strong recommendation,
low-quality evidence).

9.4.2 Pathogen-Based Approach

The etiological agents and antibiotic reatment of bactenal
gastroententis are listed in Table 7.

Shigella Gastroenteritis

Antibiotic therapy is recommended for culture-proven
or suspected Shigella gastroenterias (11, B) (strong recommen-
dation, modermte-quality evidence).

147



Guarnno et al

JPGN = Volume 59, Mumber 1, July 2014

The first-line treatment for shigellosis is azithromycin
for 5 days (11, B) (strong recommendation, moderate-quality
evidence).

A meta-analysis of 16 studies, which included 1748 children
and adults with Shigella dysentery, concluded that appropriate
antibiotic therapy shortened the duration of the disease (181). Several
well-designed controlled studies have shown that appropriate anti-
biotic treatment of Shigella gastroenteritis significantly reduced the
duration of fever, diarrhea, and fecal excretion of the pathogen, and
thus infectivity, which is extremely important in children attending
day=care centers, m mstitutions and hospitals. Antibiotic treatment
may also reduce complications including the risk of hemolytic—
uremic syndrome after § dysenteriae 1 infection (182).

The WHO recommends that all episodes of Shige la infection
be treated with ciprofloxacin or 1 of the 3 second-line antibodies
(pivmecillinam, azithomyemn, or cefinaxone) (183). The major pro-
blem, however, is the increasing worldwide resistance of Shigella o

antibiotics that is also being observed in Europe. Therefore, Shigella
isolates should be tested for susceptibility, and local resistance
pattems closely monitored. A systematic review of data from 1990
to 2009 identified 8 studies in children up to 16 years with shigellosis,
reporting clinical failure 3 days after treatment. In additon 4 studies
evaluated bacteriologic failure and 5 assessed bactenologic relapse.
Clinical failure rate was 0.1%, and bacteriologic relapse was 0.0%.
Based on these figures, which however derive from low-income
countries, antibiotic therapy is effective and strongly recommended
in all ofthe children with shigdlosis. It should be noted, however, that
this finding has not been demonsirated in outpatients. Because of the
high worldwide resistance, trimethoprim—sulfamethoxazole and
ampicllin are recommended only if the stram isolated is susceptible,
or if present local microbiologic data suggest susceptibility. A
resistance rate of 12.8% to nabidixe acid was reported m Belgium
{184). In Europe and the United States, resistance to cefinaxone
(185), azithromyein (186,187), and ciprofloxacin has been reported,
but 5 uncommon (185,188).

The fimst-line oral empiric treatment recommended for
Shigella gastroententis is azithromyein for 5 days, which was found

TABLE 7. Antibiotic therapy of bacterial gastroenteritis

Pathogen Indication for antibiotic therapy

Drug of choice™ Alternative agents

Shigella spp Proven or suspected shigellosis

Salmonella spp
(nontyphoidal)

Antibiotic therapy is indicated
only in high-risk children® to
reduce the risk of bacteremia
and extraintestinal focal infections

Campylobacter spp Antibiotic therapy is recommended
mainly for the dysentetic
Campvlobacter gastroenteritis
and most efficacions when started
within 3 days afier onset of the
disease

Shiga toxin-producing Antibiotic therapy is not recommended
Escherichia coli

Enterotoxigenic:
Escherichia coli

Antibiotic therapy is recommended,
mainly for traveler’s diarrhea

Vibrie cholerae Antibiotic therapy is recommended for
confirmed or suspected case by
travel history

Antibiotic therapy is recommended

for moderate and severe cases

Clostridium difficile

Cefixime (8 mg - kg ' - day ')
ciprofloxacin’ PO (20-30 mg -
kg~' - day~"). For a known
susceptible strain: TMP/SMXT
(8mg-kg ' - day ' of TMP)
or ampicillin (100 mg - kg L.
day ") or nalidixic acid
(55 mg kg ' - day™')

Azithromycin (10 mg - kg™ ' -
day '); ciprofloxacin’ PO
(20-30 mg - kg™ - day ™' ):
for a known susceptible strain,
TMP/SMX (8 mg - kg !
day ™" of TMP).

Doxycycline (8 vears) or
ciprofloxacin (=17 years),
when susceptible )

Oral: azithromycin (12 mg'kg
on day 1, followed by
6 mgkg for 4 days);
parenteral, IV, IM:
ceftriaxone (50 mgkg
for 2-5 days)’

Cefiriaxone (50100 mg -
kg 1 - day l

Azithromycin (10 mg - kg .
day ' for 3 days, or a
single dose of 30 mgkg)

Azithromyein (10 mg - kg~ -

Cefixime (8 mg - kg - day '
day ' for 3 days)

for 5 days); TMP/SMX*

(8mg-kg ' - day ' of

TMP); clpmﬂmf.acin§ PO

(20-30 mg - kg ' - day ')

rifaximin (=12 years,

600 mg/day, for 3 days)
Doxyeycline (=8 vears),

Ciprofloxacin (=17 years), or

TMP/SMXF (when susceptible)
Vancomycin PO (40 mg -

kg ' - day )

Azithromycin (10 mg - kg™' -
day ! for 3 days, or a
single 20 mg/'kg dose)

Metronidazole (30 mg - kg
day ™' for 10 days)

PO =per 05

- Depends on local antibiotic susceptibility profile, which should be monitored.

TTMP/SMX, trimethoprim—sulf smethoxazole.

*Ciprofloxacin is usually not recommended in the pediatric age group, but it can be used in children <17 years when an alternative is not feasible.

¥ See text.
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to be more effective than either cefixime or nalidixic acid
(189,190). Altematively, nalidixic acid or cefixime can be admi-
nistered, both for 5 days. When Shigella isolates are susceptible to
trimethoprim—sulfamethoxazole and/or ampicillin (ie, in an out-
break setting), these agents are the recommended first-line treat-
ment. Oral fluoroquinolones can be used in children age <17 years
when no other alternative is feasible. The recommended first-line
parenteral treatment is cefinaxone for 5 days (191). Two doses of
ceftnaxone can be given to patients without underdying immune
deficiency or bacteremia who are fever-free after 2 days of cef-
tnaxone treatment (192).

Salmonella Gastroenteritis

Antibiotic thermapy is not effective on symptoms and
does not prevent complications. It is associated with a pro-
longed fecal excretion of Salmonella. Therefore, antibiotics
should not be used in an otherwise healthy child with Salmo-
nella gastroenteritis (1, A) (strong recommendation, moderate-
quality evidence).

Antibiotics are suggested m high-risk children to reduce
the nsk of bacterermia and extruntestinal mmfectons (Vh, D)
(strong mcommendation, low-quality evidence). These
include neonates and young infants (<3 months) and children
with undedying immune deficiency, anatomical or functional
asplenia, corticosteroid or mmmunosuppressive therapy, 1BD,
or achlorhydna (Vb, D) (weak recommendation, low-guality
evidence).

A Cochrane systematic review showed that antibiotic therapy
of Salmonella gastroenteritis does not significantly affect the
duration of fever or diarthea in otherwise healthy children or adults
compared with placebo or no treatment Moreover, antibiotics were
associated with a significant increase of camage of Salmonella,
although other adverse events were not reported. As secondary
Salmonella bacteremia—with extraimtestinal focal infections
occurs more often in children with certain underdymg conditions,
and in neonates or young infants (58), antibiotic therapy 1s suggested
in these children to reduce the nsk of bacteremia (Table 5).

Campylobacter Gastroenteritis

Antibiotic therapy for Campylobacter gastroententis is
recommended mamly for the dysenteric form and to reduce
transmission in day-care centers and institutions. It reduces
symptoms if instituted in the early stage of the disease (within
3 days after onset) (I, A) (strong recommendation, moderate-
quality evidence).

The drug of choice 15 azithromycin, but antibiotic
choice should be based on local resistance pattern (111, C)
{weak recommendation, low-guality evidence).

A meta-analysis of 11 double-blind, placebo-controlled rials
showed that antibiotic treatment of gastroententis caused by Cam-
pylobacter spp reduces the duration of intestinal symptoms by 1.3
days (193). The effect was more pronounced if treatment started
within 3 days of illness onset (193) and in children with Campy-
lobacter-induced dysentery. In a parallel group, assessor-blind trial,
testing for mequality m 130 children with Campylobacier jejuni/
coli enterocolitis, azithromyein in a single dose of 30 mgkg was
more effective than erythromyein for 5 days, and the latter wasofno
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benefit compared to placebo when started =60 hours of discase
onset (194). Antibiotic treatment significantly reduces the duration
of fecal excreton of Campylobacter spp, and thus its infectivity. It
is unclear whether antibiotic treatment of Campylobacter gastro-
enteritis prevents the development of postinfectious Guillain-Barre
syndrome. Azithromyein is the drug of choice in most locations,
although local resistance pattems should be closely monitored
(194).

Diarrheagenic E coli

Antibiotics should not be routinely given for AGE due
to E coli. The treatment is nonspecific and administration of
antibioties could have adverse effect (Vb, D) (weak recom-
mendation, very low-quality evidence).

Antibiotic therapy for Shiga toxin-producmg E coli is
not recommended ( Vb, D) (strong recommendation, low-gual-
ity evidence).

Antibiotic therapy for enterotoxigenic E coli is recom-
mended (11, B) (strong recommendation, moderate-guality
evidence).

Antibiotic treatment of diarrhea induced by Shiga toxin-
producing E cofi (STEC), also called enterohemaorrhagic E coli,
does not significantly affect the clinical course or duration of fecal
excretion of the pathogen. As 2 case-controlled studies obtained
conflicting results about antibiotic treatment of STEC gastroenter-
itis and the nsk of developing hemolytic-urermia  syndrome
(195,196), this 1ssue is currently unclear and not routinely indicated.
Antibiotic treatment of gastroenteritis caused by enterotoxigenic E
coli or by enteropathogenic E coli significantly shortens the clinical
course (mainly the duration of diarrhea) and fecal excretion of the
pathogen. Rifaximin, a broad-spectrum, nonabsorbed antimicrobial
agent, can be used in children =12 years for nonfebnle watery
diarthea presumably caused by enterotoxigenic (197,198) or enter-
oaggregative E coli gastroenteritis (199).

C difficile

This 15 an emerging agent of diarrhea whose role is limited
or questionable in children age <36 months. It 1s also a major
agent of antibiotic induced diarrhea and of severe diarrhea in
children with underlying chronic conditions such as IBDs.
Hypervirulent strains may induce severe symptoms and should
be treated with oral metromidazole or vancomyein (200). Anti-
biotic-associated diarrhea is often caused by C difficile. Mild
disease often resolves by discontinuation of the antibiotic used.
For moderate or severe discase, the first-line treatment is oral
metronidazole (30mg -kg ™' - day™"); oral vancomyein is reserved
for resistant stmains (19).

Other Causes of Bacterial Gastroenteritis

Antibiotic therapy 15 recommended for Vibrio cholerae
gastroentenitis (11, B) (strong recommendation, moderate-
quality evidence).

Appropriate antibiotic treatment of cholera reduces the
durations of diarthea by approxmately 5P and fecal shedding
of V cholerae by approximately 1 day. WHO recommends admin-
istration for 3 to 5 days of furazolidone, trimethopnim—sulfa-
methoxazole, or erythromyem to children <8 years and of
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tetracyelne to older children. A randomized, controlled study
demonstrated that a single 20 mg/kg azthromycin dose 18 more
efficacious clmically and microbiologically than ciprofloxacin
{201); it 1s the drug of choice for children age <8 years. Altemative
treatment for older children is doxyeyeline. Trimethoprim—sulfa-
methoxazole can be used for susceptible stramns. Limited data are
available regarding the efficacy of antibiotics for gastroententis
caused by Yersinia spp, which is recommended for bacteremia or
extramtestinal infections caused by these pathogens. Antibiotic
therapy 1s usually not needed for the uncommon cases of gastro-
ententis caused by noncholera Vibrio spp, Aeromonas spp, or
Plesiomenas shige lloides.

Antibiotic therapy 15 not generally needed for antibiotic-
associated diarrhea, but should be considered in moderate-to-
severe forms (Wb, D) (weak recommendation, very low-qual-
ity evidence).

Antibiotic-associated diarthea can be defined as change in
nomal stool frequency with at least 3 liquid stools/day for 1 (WHO)
or 2 consecutive days (202—-206) for which no other cause can be
identified (intercurrent viral or bactenal infection, laxative use,
other cause) and microbiological investigations for C difficile are
negative (207). It occurs during (early onset) or 2 to 6 weeks afier
(late onset) antibiotic treatment (204,208).

9.4.3 Empiric Antibiotic Therapy in Sporadic
Cases of AGE

The choice of the antimicrobial agent depends on the
local prevalence of the 3 pathogens (Shigella spp, Campylo-
bacter spp, and Salmonella enterica) and the resistance pat-
tems (Va, B) (strong recommendation, modemte-quality
evidence ).

In children with watery diarthea, antibiotic thempy is
not recommended unless the patient has recently tmaveled or
may have been exposed to cholem (Vb D) (strong recom-
mendation, moderate-guality evidence).

Bloody diarrhea with low orno fever is typical of STEC
(enterohemorthagic E coli), but can be mild shigellosis or
salmonellosis. Antibiotics are not recommended unless epi-
demiology suggests shigellosis (Vb, D) (weak mecommen-
daton, low-quality evidence).

Parenteral rather than oral antibiotic therapy 1s recom-
mended (Va, D) (strong recommendation, low-quality evi-
dence) for:

1. Patients unable to take oral medications (vomiting, stupor,
ete)

2. Patients with underlying immune deficiency who have
AGE with fever

3. Severe toxemia, suspected or confirmed bacteremia

4, Neonates and young infants (<3 months) with fever

Scpsis workup and antibiotics should be considered
according to local protocols

The cause of sporadic AGE is usually not known at presen-
tation. The classification of these cases into invasive (or nflam-
matory) and watery (or nonmmvasive) may help deciding whether or
not to start emprric antibiotics. Invasive gastroententis s defined as
acute onset of bloody/mucous diarrhea (or fecal polymorphonuclear
leukocytes when the examination is available) with high fever. The
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common causes are Shigella spp, Campylobacter spp, and Salmo-
nella enterica. It 15 important o treat hospitalized children and
children attending day-care centers to reduce transmission of
Shigella and Campvlobacter.

9.4.4 Antimicrobial Therapy of Systemic Infections
Cause by Enteric Pathogens or Involvement of
Extraintestinal Organs

Antibiotic therapy is recommended for the rare but
severe extraintestinal infections caused bacterial enteric patho-

gens (Vb, D) (strong recommendation, low-quality evidence).

Occasionally enteric bactenal pathogens can spread and
cause extraintestmal infections, including bacteremia or focal
mfections. These mfections should be treated with antibiotics,
usually parenterally.

9.4.5 Antimicrobial Therapy of Parasite-Induced
Gastroenteritis

Antiparasiic treatment 1 generally not needed in other-
wise healthy children; however, it may be considered if
symptoms are severe (111, C) (srong recommendation, very
low-quality evidence).

Severe cases of glardiasis can be treated with metroni-
dazole, ntazoxamide, albendazole, or timdazole (111, C) (weak
recommendation, low-quality evidence).

Cryptospondiasis should be treated mainly in immuno-
compromised children with nitazoxanide (I, C) (strong
recommendation, low-quality evidence).

Amebic colitis should be treated with metronidazole
(1L, C) (strong recommendation, low-quality evidence).

Giardia 15 rarely involved in AGE, but the parasite should
be treated if there 1s evidence of its active role in producing
symptoms. Metromdazole (10 mg/kg 3 times daily for 7-10 days)
remains the first-line treatment (209). Albendazole (once daily
for 5 days) is probably as effective as metronidazole i achieving
pamasitological cure, but trials were performed in children with
polyparasitism. A recent tnal in adults with Giardia monoinfec-
tion showed equivalence of the 2 drugs in terms of pamsitological
cure and improving symptoms (210). Tinidazole (single dose ) had
similar results; nitazoxanide was found to be less effective
(209,211).

Acute gastroenteriis due to Cryptosporidiem spp in children
with normal immunity is generally self-hmited and most patients
require only oml rchydmtion (22,212). Cryptospondiosis 15 an
important cause of morbidity in malourished or HIV-positive
children.

During outbreaks mn hospitals or day-care centers, hygieme
measures and prevention are probably as important as antimicrobaal
treatment (22). Nitazoxanide is recommended for AGE diarthea
caused by Cryptosporidium sp (213.214) but is not available m
many countries.

In diarrheie children returning from endemic areas, labora-
tories must distinguish between Enamoeba dispar (nonpathogenic)
and E hisiolvtica, which requires mpid treatment with metronida-
zole.

www.jpgn.org



JPGN = Volume 59, Mumber 1, July 2014

Evidence-Based Guidelines for Management of Gastroenteritis

9.4.6 Antiviral Treatment

Specific antiviral treatment 15 usually not indicated n
AGE (Vb, D) (strong recommendation, very low-quality
evidence).

Severe eytomegalovirus colitis, especially inan immu-
nocompromised child, should be treated with ganciclovir
(111, C) (strong recommendation, low-quality evidence).

Oral immunoglobulin may be considered in children
hospitalzed with rotavirus gastroenteritis (111, C) (weak
recommendation, very low-quality evidence).

Viruses are the leading cause of AGE, and usually have an
acute and self-imiting course; however, selected patients and/or
severe infection may need specific treamment. Consistent evidence
demonstrated that oral admimstraton of immunoglobulin (300 mg/
kg) may be beneficial for rotaviral infection and is associated with a
faster recovery from acute diarrhea (215.216), and permanent clear-
ance of the virus in immunocompromised children (217). More
recently, hypenmmune immunoglobulins Y (IgY) produced from
poultry hens were found to be strongly reactive to several rotavirus
serotypes. Oral administration of Ig¥ could improve clinical out-
comes even for patients with mixed enteric mfections, and 15 a useful
adjunct to general supportive therapy in pediatric patients (218).

Oral immunoglobulin treatment has been proposed for nor-
ovirus enteritis. Resolution of diarrhea and decreased stool output
were observed at 7 days, but no benefit was found for length of
hospital stay or hospital cost (219).

Cytomegalovirus infection may have a severe course with
extended intestinal mvolvement (usually severe colitis); it generally
occurs in children with congemnital or acquired mmunodeficiency,
and in transplant recipients. Ganciclovir therapy has been effective
in treating and preventing cytomegalovirus infection in immuno-
compromised hosts (220); however, although the most appropriate
treatment of isolated eytome galovirus enterocoliis in immunocom-
petent subjects has yet to be determined, infants with severe clinical
features could benefit from ganciclovir therapy (221).

9.4.7 Nitazoxanide for Rotavirus Diarrhea

There is insufficient evidence to recommend nitazox-
anide i the management of children with rotavirus AGE unal
confirmatory data are available (111, C) (strong recommen-
dation, low-gquality evidence).

One single-blind  (blinding of participants only) RCT
in=75) conducted in Bolivia evaluated the effectiveness of ol
or systematic rehydmtion wversus the same intervention plus
nitazoxamde or plus a probioic preparation (L acidophifus, L
rhamnosus, B longum, and § bouwlardii) in children ages 28 days
to 24 months with rotavirus-positive watery diarrhea of <72 hours’
duration, and a moderate-to-severe degree of dehydration (222).
The recorded outcomes were duration of fever, hospitalization, and
diarrhea. Also the time from the first dose to the first soft stool was
reported for the nitazoxanide and probiotic groups. The groups were
not comparable at baseline (eg, age). Mean durations of diarrhea
and of hospitalization were significantly shorter in the nitazoxanide
group than in controls.

A tabular summary of all of the ESPGHAN/ESPID recom-
mendations on the management of acute gastroenteritis can be
found at hrip:/flinks ww.comMPG/A3IT.
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Hospital management of children with acute

gastroenteritis

Eugenia Bruzzese, Andrea Lo Vecchio, and Alfredo Guarino

Purpose of review

Acute gastroenteritis (AGE) is @ major cause of ED visits, hospitalizations, and prescription of
investigations, drugs, and changes in diet. Several guidelines on management have been produced.

Recent findings

There is new information on different rehydration protocols, use of antiemetics, and antidiarrheal drugs that
could reduce the burden of AGE. The need of iniravenous (i.v.] rehydration is the main cause of hospital
admission yet a standardized rehydration scheme is not available. Rehydration therapy through nasogastric
tube is better than i.v. rehydration, in children with moderate-severe dehydration. Ultrarapid rehydration
has been proposed by enteric or i.v. route to reduce the time in hospital and costs. However, reduced
rehydration fimes are associated with high readmission rctes and side effects. Antiemetics may reduce the
need of i.v. rehydration because of vomiting and the number of hospital admissions. However, the main
antiemetic, ondansetron, has been loaded with a warning for potentially severe side effects. Selected
antidiarrheal drugs could reduce the length of stay, but data on their use in inpatients are still not

conclusive.

Summary

Inappropriate medical interventions are still common in the hospital setting and have a high impact on
costs. A validated management is still needed in inpatients.

Keywords

acute diarrhea, acute gastroenteritis, hospital, rehydration

INTRODUCTION

Acute gastroenteritis (AGE) has a high spectrum of
severity whose hallmark is dehydration, which
requires replacement of fluids usually through oral
route [1]. The effectiveness of oral rehydration
solution (ORS) in children with mild-to-moderate
dehydration has been demonstrated by a Cochrane
meta-analysis showing no clinical differences
between oral and parenteral rehydration therapy
in children with AGE [2]. However, failure of oral
rehydration is the main indication to hospital
admission and to receive enteral or intravenous
rehydration therapy (IVT) [3,4]. However, the
majority of articles on AGE management do not
specifically address the problem of inpatients man-
agement and the recommendations for intravenous
(i.v.) rehydration are poorly standardized. However,
the National Institute for Health and Clinical
Excellence [5] and more recently the Cincinnati
Children’s Hospital [6"], specifically provided i.v.
rehydration protocols, indications to laboratory
investigations and criteria for hospital discharge.

0267-1379 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

The purpose of this review is to discuss when and
how a child with acute diarrhea should receive i.v.
rehvdration, the indications to enteral rehydration
and laboratory tests and finally to summarize recent
evidence for active treatment of AGL in the
inpatient setting.

INDICATIONS TO HOSPITAL ADMISSION
FOR ACUTE GASTROENTERITIS

Indications to hospital admission for acute gastro-
enteritis are based on opinion of experts. Hospital
admission is recommended in case of severe dehy-
dration, shock, failure of aral rehvdration therapy
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KEY POINTS

e Reliable data are available mostly for outpatients and
indications for inpalients are mesily based on opinion
and indirect data.

Standard indications for nasogastric/i.v. rehydration
and their schemes are not available.

Antiemetics are largely used and effective, but there
are issues on their safety.

Drugs used in oulpatients could be used in inpatients
also with good results, but the ideal drug for diarrhea
is still to be identified.

(ORT), severe vomiting, neurological symptoms,
inability of caregivers to manage the problem, and
in case of surgical condition is considered
([3,6",7,8%]; Table 1). Generally, these conditions
do not allow ORT and require i.v. rehydration.
Interestingly since implementation of rotavirus
immunization, a marked reduction in hospitaliz-
ations has been observed with a parallel reduction
of costs [9™].

INDICATIONS TO LABORATORY AND
MICROBIOLOGICAL INVESTIGATIONS

AGE does not usually require stool microbiological
investigations. Most children have a viral cause and
in addition bacterial or protozoal agents generally
do not require antimicrobial treatment. Stool
cultures should be considered in case of persistent
diarrhea, when antimicrobial treatment is con-
sidered (e.g. in immune-compromised children, in
septic or toxic children or children with dysentery),
in case of an outbreak or if the child has recently
been abroad.

Electrolyte  abnormalities may  develop,
although usually they are not severe. Hypernatre-
mia and hyponatremia may occur, although isona-
tremic dehydration is the most common form.
Selected children may have hypoglycemia and some
may present metabolic acidosis, but their incidence
is low. Furthermore, the accuracy of available tests
in detecting severity of dehydration is not estab-
lished. The laboratory test that best correlates with
dehydration is serum bicarbonate [10]. Blood tests
are not routinely needed, but serum potassium,
sodium, urea and creatinine, and serum bicarbonate
should be considered for children severely

Table 1. Indications to visit or emergency/hospital admission according to available guidelines

Europe Australia United States South Alrica
Criteria for medical visit 2008 [3] 2008 [7] 2011 [6™] 2012 [87]
Age below 2 months -
Persistent fever alter 24 h of ORT
The child refuses to drink + +
Reduction of urinary output + +
High volume diarrhec + +
Diarrhea persisting more than 1 week
Persistent vomiting that does not allow oral rehydration + + +
Vomiting associated with abdominal distention and pain +
Mucous or bloody diarrhea + +
Severe stomachache +
Lethargic, restless or irritable - ==
Severe underlying diseases [i.e. diabetes and renal failure) +
Social or logistical concerns +

Europe Awstralic United States South Africa
Criteria for ED and/or hospital admission 2008 [3] 20087 [7] 2011 [6™% 20125 [89]
Severe dehydration and/er shock + + + +
Oral rehydration failure - + + +
Intractable vomiting + i i
Neurological abnormalities (lethargy, seizures, etc] - -
Suspected surgical conditions -
Social or logistical concerns + + +

Al the indications to medical consultation represent a criteria for ED visit if ph

ysician is not available within few hours [7].

®Indications to hospital admission are extrapolated from criteria for intravenous rehydration [8%].
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dehydrated or in whom i.v. rehydration is required.
However, in the absence of risk-benefit indications,
ordering laboratory tests based on clinical judgment
may be superior to routine screening [6*]. Despite
this, a recent survey showed that 40-60% of
enrolled physicians require laboratory tests in
moderately dechydrated patients [11%].

REHYDRATION THERAPY

Rehydration may be provided through oral, enteral
(through nasogastric tube; NGT), and i.v. route
according to the severity of dehydration and the
conditions of the child. In the hospital setting, the
last two options are typically considered.

Rehydration through nasogastric tube

A Cochrane review compared the etfficacy of IVI'in
17 trials with oral or nasogastric rehydration [2]. In
eight of 17 trials, rehydration was given through
NGT alone or in combination with ORT. There were
no differences in the rehydration failure, incidence
of hyponatremia, hypernatremia, mean duration
of diarrhea, weight gain, or total fluid intake in
children on ORT or IVT. Children on ORT had a
significantly shorter stay in hospital and a lower
risk of phlebitis [2]. A meta-analysis showed that
NGT rehydration is associated with reduced risk of
electrolyte imbalances, cerebral edema, phlebitis
compared with i.v. rehydration. Rehydration
through NGT is a valid alternative to IVT with equal
efficacy, less adverse events and reduces the length
of hospital stay [12].

Current guidelines concluded that rehydration
should be provided through NGT if children are
unable to drink it or if they have persistent vomit.
The American Academy of Pediatrics recommends
rapid (over 4 h) NGT rehydration for treatment of
children with moderate dehydration. This regimen
ofters several benefits including a shorter stay in the
hospital and less distuption of the family routine
compared with the standard regimen, A prospective,
randomized, clinical trial compared two different
regimens of nasogastric rehydration: the standard
nasogastric regimen (SNR) (replace fluids over 24 h)
and the rapid nasogastric regimen (RNR) (100 ml/kg
of rehydration solution administered over 4 h) [137].
The results showed no significant difference in the
primary treatment failure defined as an additional
loss of more than 2% of weight at any time during
the rehydration period. Furthermore, no differences
in the secondary treatment failures defined as
inability to tolerate NGT, persistent vomiting, need
of i.v. rehydration, persistent signs of moderate
dehydration, need of nasogastric fluids beyond

0267-1379 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

24h, were observed between the two groups at
4-6h after beginning of rehydration therapy. At
24h and 7 days after the admission, a higher pro-
portion of secondary treatment failures in the RNR
group compared with the SNR group was observed.

Despite the evidence of safety and efficacy, NGT
rchydration regimen continues to be poorly applied
in clinical practice, perhaps because placinga NGT is
considered more invasive than IVT. These concerns
need to be balanced against the i.v. complications
such as phlebitis or cellulitis.

Intravenous rehydration

The indications to IVT generally overlap the indica-

tions to hospital admission. Guidelines recommend
i.v. rehydration in case of severe dehydration and/or
in case of oral rehydration failure. The recent evi-
dence-based guidelines from Cincinnati Children’s
Hospital [6™] recommend i.v. therapy, if there is a
severe dehydration or if it is impossible to replace
the estimated deficit fluids using oral solution alone.

Intravenous rehydration consists in the admin-
istration of an isotonic crystalloid solution without
dextrose as an i.v. bolus of 20 ml/kg followed by a
continuous infusion of dextrose — containing crys-
talloid solution if prolonged hydration is required.
Intravenous rehydration should be started with iso-
tonic fluid (normal saline) because this is more
effective in reducing the risk of hyponatremia than
hypotonic fluids (half normal saline with 5% dex-
trose) [14]. Isotonic Ringer lactate is associated with
a better outcome from shock compared with hypo-
tonic fluids in children with severe malnutrition
and hypovolemia [15]. The Cincinnati Children’s
Hospital guidelines [6*] recommend to start TVT
with a bolus of 20ml/kg of normal saline over
30-60min followed by a maintenance volume of
half normal saline with 5% dextrose to replace losses
and maintain hydration. Despite the lack of evi-
dence of efficacy, in the last years a rapid rehydra-
tion scheme (40-60 ml/kg normal saline bolus over
60min) has been gradually incorporated into
clinical practice with the aim to obtain a reduction
of symptoms, an improvement of appetite, and a
reduction of hospital stay and of global costs of AGE.
A survey of North American physicians, specialized
in pediatric emergency, found that several regimens
are used [16™]. In a recent clinical trial comparing
two different i.v. schemes, the tolerance to the
administration of 50 ml/kg in 1h was similar to that
of 50ml/kg in 3h, but it was associated to earlier
discharge from emergency department (ED) [17]. A
recent trial comparing the effect of boluses of 20—
40ml/kg of 5% albumin solution or 0.9% saline
solution or no bolus in critically ill African children,

www.co-gastroenterology.com 25
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showed that both bolus-fluid resuscitation, com-
pared with no bolus regimen, increased the absolute
risk of death at 48 h by 3.3%. These data, although
obtained in clinical conditions other than AGE,
suggest that there may be severe risks associated
to rapid rehydration regimens [18""]. In order to
evaluate the efficacy of rapid rehydration for AGE-
induced dehydration, a randomized blinded com-
parative trial was conducted in children in whom
oral rehydration failed and i.v. rehydration was
required [19"]. Children randomly received a
20ml/kg (standard) or 60ml/kg (rapid) of 0.9%
saline infusion over 60 min followed by 5% dextrose
in 0.9% saline at maintenance rate. Clinical dehy-
dration scores, vital signs, and adverse events were
recorded every 30min for a total of 4h. No difter-
ence in the percentage of children rehydrated atter
2h was observed between the two groups (36% in
rapid rehydration group vs. 29% in standard rehy-
dration group). There was no difference in the rates
of prolonged treatment, mean dehydration scores,
repeat visits to emergency, adequate oral intake.
However, the median time to discharge was signifi-
cantly longer in the rapid compared with the stand-
ard group (6.3 vs. 5.0h; P=0.03) and children
receiving rapid i.v. rehydration were more com-
monly admitted to the hospital. The authors con-
cluded that none of the outcomes support the use of
rapid i.v. rehydration and that there was a trend
toward worse outcomes in these children. This data

strongly indicate that the routine use of i.v. rapid
rehydration should be prescribed cautiously.

PHARMACOLOGIC TREATMENT

Only few of the many drugs proposed for AGE
have proof of efficacy in preventing complications
and in reducing hospital admission, duration of
symptoms and the length of stay in hospital setting
(Table 2).

Antiemetics

Vomiting is probably the main indirect cause of
hospital admission. However, the therapy for
vomiting remains controversial. None of the cur-
rently available guidelines suggests a routine use of
antiemetics in children with AGE [3-5,6,7,8"],
but emerging evidence indicates that selected
antiemetics may help in oral rehydration delivery,
and reduce i.v. rehydration and hospital admis-
sions.

The use of ondansetron, a selective (5-HT3)
serotonin antagonist, is progressively increasing
[20"] to the point that American Pediatric Fmer-
gency Medicine Physicians indicated ondansetron
as the drug of choice in vomiting patients with AGE
[16™].

A recent systematic review, including seven
trials and more than 1000 patients, provided

Table 2. Effects by antidiarrheal drugs in hospital setting and their level of evidence

Antidiarrheal

Effect on duration of

Best level of

drug Dose hospitalization Other outcome measures evidence available
Lactobacillus 10'° CFU per day Reduction of LOS® for rotaviral  Duration of diarrhea; Risk Meta-analysis
rhamnosus diarrhea; Trend toward of profracted diarrheq;
GG (IGG) reduction fo LOS, but not Duration of hospitalization
conclusive evidence for
other efiologies
S. boulardii 200-500mg per dag Reduction of LOS of about Duration of diarrhea; Risk Meta-analysis
(about 4-10 % 107 CFU) 1 day of protracted diarrhea; (Few studies
Duration of hospitalization consider LOS)
Racecadotril 1.1,5mg/kg TID Not assessed Stool output; Duration of Systematic review;
diarrhea Meta-analysis®
Zinc 10mg <6 months of age; Mot assessed Duration of diarrhea; Stool Meta-analysis
20mg >6 months of age outpul; Risk of
hospitalization; Death
Smectlite 3g <1 year of age; Not assessed Duration of diarrhea; Risk Meta-analysis

Oral administration of
immunoglobulins

6g 1-2 years of age;
6-12g >2 years of age
200-300mg,/kg per day

Reduction of LOS for rotaviral
diarrhea in atrisk children
or in severe conditions

of protracted diarrhea;
Number of stools
Intake of oral fluids;
Duration of infravenous
rehydration; Resolution
of diarrheal symptoms

Controlled studies

“No clear distinction between in- and out-pafients effect size.

“length of stay.
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evidence in support of ondansetron as adjunct
therapy in case of mild-moderate dehydration [21™].

A single oral dose (0.15-0.3 mg/kg) of ondanse-
tron controlled vomiting and reduced hospitaliz-
ation rates [risk ratio (RR) 0.40, 95% CI 0.19-0.83,
P—=0.01] and i.v. fluids need (RR 0.57, 95% CI1 0.42—
0.76, P=0.0002, NNT=6) when administered in
EDs [21"%]. This intervention may be highly cost-
effective [22].

In a 5-year retrospective study, the increased use
of ondansetron (from 1 to 18%) was associated with
a reduction of i.v. rehydration (from 26 to 14%,
P<0.001), length of stay in ED (8.6+3.4 to
59+28h, P=0.03) and return visits (18-13%
P=0.008) [207].

Major concerns on antiemetics prescription
have been historically related to the potential side
effects. A Cochrane review only reported few cases
of increased diarrhea secondary to ondansetron
administration [21""]. Nevertheless, in September
2011, the US Food and Drug Administration
(FDA) released a warning on the use of ondansetron
in patients with underlying heart conditions, such
as congenital long QT syndrome, heart failure, and
bradyarrhythmias [23]. This was based on case
reports of QT prolongation after ondansetron
administration in adults [24] and children [25].
However, in addition to heart conditions, the FDA
extended the warning to patients predisposed to
hypokalemia and hypomagnesemia, or taking medi-
cations that may lead to QT prolongation. Abnor-
malities in electrolyte serum levels may be frequent
in AGE, which opens a burning question on a rou-
tine use of ondansetron to prevent the need of i.v.
rehydration and hospitalization in the light of some
(low) risk of (potentially severe) side effects.

Antiemetic drugs alternative to ondansetron are
limited; domperidone is a widely used drug with
little evidence of efficacy [26]. A randomized con-
trolled trial assessing the efficacy of ondansetron
and domperidone compared with placebo in chil-
dren admitted to EDs for AGE is currently ongoing
in Italy [277].

A recent trial in Qatar showed no difference
between ondansetron and metoclopramide in ces-
sation of vomiting, length of stay, and side effects
[28%]. On the basis of these results, it was suggested
that metoclopramide could represent an effective
and cost-sparing alternative to ondansetron for per-
sistent vomiting in poor countries. Considering the
severe side effects reported for metoclopramide, this
proposal raises concerns in terms of safety, mainly in
developing areas where surveillance and accurate
follow-up are limited.

Indications are, therefore, strongly needed on
the use of antiemetics in AGE.

0267-1379 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

Antidiarrheal drugs

The simple replacement of lost fluids does not
shorten the course of diarrhea and different
approaches have been proposed to reduce duration
and severity of diarrhea in haospitalized children,
such as antimotility/antiperistaltic drugs, antesecre-
tory, absorbents, and antimicrobial treatments.

Probiotics

These are recognized as first-line therapy for AGE in
adjunct to rehydration [29], based on a demon-
strated effect in reducing the duration of diarrhea
by about 24 h, the risk of diarrhea lasting at least
4 days and the stool frequency on day 2 [30%]. An
analysis on hospitalized children also showed a
significant effect of probiotics on duration of diar-
rhea (mean difference —20.90h 95% CI —31.44 to
—10.35) [307].

As the beneficial effects of probiotics are strain
related, pooling data on different strains is inappro-
priate.

Lactobacillus rhamnosus GG [LGG] and Saccharo-
myces boulardii are the two strains, with consistent
evidence of efficacy. LGG is the recommended treat-
ment in evidence-based guidelines [3,6™]. It also
reduced the duration of hospitalization in previous
meta-analysis [31].

Two recent double-blind RCTs, were conducted
on S. boulardii in children hospitalized in low-
income areas.

The first was carried out in two Brazilian hospi-
tals and showed a reduction of diarrhea duration
within 72h from its onset. This reduction was sig-
nificant in children with rotavirus infection (RR
0.45, 95% CI 0.28-0.74), but not in nonrotaviral
diarrheal episodes [327].

The second study, performed on a small Bolivian
population with rotaviral infection, compared the
effect of S. boulardii and a mix of probiotics contain-
ing lactobacilli, bifidobacteria and S. boulardii with
placebo. The authors reported a modest but signifi-
cant effect of S. boulardii on the duration of diarrhea
that was not observed with the combined probiotic
product [33%]. A new strain (DSM 17938) of Lacfo-
bacillus reuteri was tested in 70 children hospitalized
with mild-to-moderate diarrhea [34,35%|. L. reuteri
reduced the duration of diarrhea (2.1+1.7 wvs.
3.3+ 2.1 days, P<0.03) and the prevalence of chil-
dren with diarrheal stools at day 2 (55 vs. 81%,
P<0.02) and day 3 (46 vs. 73%, P<0.03).

Guidelines produced in developing countries do
not recommend probiotics in children with AGE
[36] and their administration is currently considered
as a common violation to recommendations [37].

This discrepancy between different geographic
settings is essentially due to the limited evidence of

www.co-gastroenterology.com 27



Gastrointestinal infections

efficacy available in developing areas wherein cause
of diarrhea, availability of fluids/water and probably
alimentary habits may limit probiotic efficacy.

Racecadotril

Racecadotril, an enkephalinase inhibitor, is not
approved by US FDA and data comes from European
countries and developing areas [38™]. In a recent
meta-analysis including nine RCTs and more than
1300 inpatients and outpatients, racecadotril was
effective in reducing diarrhea duration and stool
output. The effect was independent from dehy-
dration, rotavirus positivity and country [39%].

A deterministic and probabilistic sensitivity
analysis on the economic impact of racecadotril
showed a reduction in the hospital expenses related
to AGE event by about £380 due to primary care
reconsultation and secondary referral [40%].

Other antidiarrheal drugs

Zinc supplementation is recommended as universal
treatment for acute diarrhea in childhood [3], based
on several clinical trials and meta-analysis [41-43].
Efficacy is unclear in nonmalnourished children
[44",45], but a clear efficacy has been shown in
children severely malnourished [41].

Zinc-enriched ORS did not show similar efficacy
in arecent trial in Indian inpatients [46%]. A random-
ized placebo-controlled trial assessing the efficacy of
a 14-days oral zinc supplementation in US inpa-
tients and outpatients children is currently ongoing
at the Boston Children's Hospital. The length of stay
is the main outcome measure (clinicaltrials.gov
NCT01198587).

Smectite is a natural clay with effects on per-
meability, cytokine production and electrolyte
secretion, able to reduce duration of diarrhea and
stool volumes.

A controlled trial, involving about 100 Indian
children, showed a significant reduction of diarrhea
duration of about 18h [47"].

A further option to be considered in severe
and/or immunocompromised patients or in severe
AGE episodes is oral administration of immuno-
globulins [48,49]. This approach seems highly indi-
cated for children in severe conditions with viral
diarrhea, Oral administration of a hyperimmune
immunoglobulin preparation produced from hens
immunized against human rotavirus (anti HRV IgY,
500mg x 4 per day) showed a significant effect on
rotavirus excretion (P=0.05), duration of diarrhea
(P=0.01), duration of i.v. rehydration (P=0.03) and
ORS needed (P=0.004) [50%"]. As almost all the
patients (92%) in the trial had, together with the
rotavirus infection, a second enteric noncholera
pathogen, the authors speculated that the product
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may improve the clinical outcomes also in patients
with mixed enteric infections.

Florescu et al. [51"] proposed the oral adminis-
tration human immunoglobulins, for norovirus
enteritis in a small population of patients that under-
went bone marrow or solid organ transplantation or
chemotherapy. A trend toward resolution of diarrhea
and stool output was observed after 7 days from the
onset of symptoms, although no benefits were found
on the length of stay and hospital costs.

Antibiotics

Antibiotics are not routinely recommended in
pediatric AGE [3] and they may increase costs, pro-
long diarrheal episodes, and contribute to spreading
antibiotic resistance [52]. A quality care improve-
ment approach with a multifaceted intervention led
to a weak reduction of inappropriate antibiotic pre-
scription in children with AGE in Kenya [537].

In developing areas where antibiotics are largely
used to manage AGE, antibiotic resistance is becom-
ing a common problem [54,55%,56] and new mol-
ecules are being tested.

Vinh et al. [577] recently tested the efficacy of a
3-day course of gatifloxacin compared with the
WHO standard treatment with ciprofloxacin for
shigellosis in hospitalized children with no signifi-
cant difference between the two antibiotics in terms
of treatment failure (about 10%) and resolution
of symptoms.

CONCLUSION

Several guidelines on the management of AGE in
children are available, of good quality and similar in
their indications [S8""]. Their application should
limit the high number of inappropriate inter-
ventions that are common in hospital settings
and could significantly reduce hospital costs [59].
Children admitted to ED with mild-to-moderate
dehydration often receive i.v. fluids and unnecess-
arv laboratory tests. However, protocols to rehvdrate
children with AGE are needed. The rapid/ultrarapid
rehydration schemes may be loaded with electrolvte
imbalances and have no clear advantages compared
with standard rehydration. The main advantage is
an early discharge with the reduction of the ED
overcrowding, however, children treated with rapid
i.v. rehydration are often readmitted to the ED.
Several studies support the use of antiemetics in
ED to prevent hospitalization, but recently the
FDA released a warning on the use of ondansetron
in patients with underlying heart conditions and
electrolyte disorders. Finally, although AGE is a
self-limiting disease, several efforts are ongoing to
find the ‘ideal drug’ for treatment of acute diarrhea.
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Introduction: Acute diarrhea remains a major problem in children and is asso-
ciated with substantial morbidity, mortality and costs. While vaccination
against rotavirus could reduce the burden of the disease, the persistent
impact of intestinal infections requires effective treatment in adjunct to oral
rehydration solutions, to reduce the severity and duration of diarrhea. Several
therapeutic options have been proposed for acute diarrhea, but proof of effi-
cacy is available for few of them, induding zinc, diosmectite, selected probiot-
ics and racecadotril. However, at present there is no universal drug, and
therapeutic efficacy has only been shown for selected drugs in selected set-
tings, such as: outpatients/inpatients, developed/developing countries and
viral/bacterial etiology.

Areas covered: This narrative review reports the opinions of experts from
different countries of the world who have discussed strategies to improve
the management of diarrhea.

Expert opinion: More data are needed to optimize the management of diar-
rhea and highlight the research priorities at a global level; such priorities
include improved recommendations on oral rehydration solution composi-
tion, and the reevaluation of therapeutic options in the light of new trials.
Therapeutic strategies need to be assessed in different settings, and pharma-
coeconomic analyses based on country-specific data are needed. Transfer to
dinical practice should result from the implementation of guidelines tailored
at a local level, with an eye on costs.

Keywords: acute diarrhea, children, diosmectite, gastroenteritis, pharmacoeconomics,

probiotics, racecadotril, rotavirus, zine
Expert Opin. Pharmacother. [Farly Online]

1. Introduction

Acute diarrhea is very common in young children aged < 5 years and contributes
to substantial mortality and morbidity (1]. Thanks to a program for the control of
diarrheal disease, essendally promoted by the World Health Organization
(WHO) and focused on the intense promotion of oral rehydration solution at
the community level and the training of healthcare workers, diarrhea mortality
rates dropped by 75% from 1980 to 2008 worldwide; but this is still unacceptably
high and seems to have remained consistent for the last 5 years [2]. In developing
regions, acute diarrhea stll represents a leading cause of child mortality, second
only to pneumonia [34]. While generally a mild, self-limiting disease in developed
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countries, gastroenteritis is a frequent cause of hospitaliza-
tion and is associated with a substantial disease burden 1.

2. Burden of acute diarrhea

The severity of acute diarrhea is related to etiology, with rotavi-
rus infection disproportonately implicated in severe cases that
frequently require hospitalization (5. Worldwide, up to 40%
of children with diarrhea aged < 5 years are hospitalized with
rotavirus [6]. While most of the associated disease burden is in
developing countries as a reflection of demographics and under-
lying risk factors, the relative burden is comparable berween
developed and developing countries. In Europe, rotavirus infec-
tion accounts for > 50% of hospitalizations for gastroenteritis
and about one-third of emergency department visits [7]. Similar
trends extend to developing regions [3]. Not surprisingly, the
economic burden of acute diarrhea is substandal, not only in
management costs but also in indirect costs such as absence
from work by parents or caregivers of sick children. In the
USA, Canada and Europe, societal costs associated with rotavi-
rus infection in children aged < 5 years have been estimated
at > 50% of the total costs of care, with direct costs estimated
at about one-third. Hospiulization accounts for most (78%)
of the direct costs 19,10]. This high burden of societal costs is
also evident in developing countries such as Vietnam [11].

The development of rotavirus vaccines is a priority, given this
burden of disease. Two live, oral, attenuated rotavirus vaccines
were licensed in 2006, a pentavalent bovine-human reassortant
vaccine {RotaTeq®) and a monovalent human rotavirus vaccine
(Rotarix™). Both vaccines have demonstrated good safety and
efficacy profiles in large clinical trials in industrialized countries
and in Latin America [12,13]. Immunization against rotavirus is
recommended in Europe and the USAp.14. While large-
scale immunization is effective in reducing the severity of infec-
tions and hospital admissions in developing countries, the cost
and the infrastructures hamper large-scale immunizaton pro-
grams, whereas reimbursement issues and parental acceprance
are barriers to optimal implementation in rich countries [15].

3. Recommended management of
gastroenteritis

The management of acute gastroenteritis aims at reducing the
overall burden of this common disease in terms of incidence,
morbidity and mortality worldwide.

The local epidemiology, impact of the illness and availability
of adequate resources could modify recommendations
and cdlinical approach in different settings. The WHO
and UNICEF jointdy produced documents essentially
focused on children living in developing countries where
diarrhea-related mortality is stll common [16].

In Europe, evidence-based guidelines, jointly produced
by the European Society for Pediatric Gastroenterology,
Hepatology and Nutrition and the European Society of
Pediatric (ESPGHAN/ESPID),

Infectious  Diseases

provide a standard for the management of children with
acute diarrhea [1. This and other recently published
evidence-based guidelines for children living in developed
countries (UK, USA, Australia) focus on morbidity and
socio-economic aspects [17-19].

Routine management of acute diarrhea should be based on
clinical features. Microbiological examination is not helpful in
the majority of cases and should be reserved for persistent
diarrhea for which antbiotic treatment is potentially useful.
However, compliance with the guidelines is far from optimal,
and generally inappropriate medical interventions for acute
gastroenteritis may increase the costs while prolonging the
duration of the disease [20].

Oral rehydration solution (ORS) is recommended as first-
line treatment for acute diarrhea and should be initiated as
soon as possible after the onset of symptoms [1,16]. Oral rehy-
dradon solution is commonly used worldwide, also if the
composition of the ORS is not yet standardized and differ-
ent sodium concentrations are routinely used in different
countries. So far, most trials have been conducted using
the WHO standard ORS (90 mmol/liter Na*) or the
‘reduced osmolarity’” ORS (75 mmol/liter Na*) in children
in developing regions. Large systematic reviews showed
that the so-called ‘reduced osmolarity’ ORS was associated
with fewer unscheduled intravenous fluid infusions, lower
stool volume and less vomiting than the WHO standard
ORS [16,211. However, the ESPGHAN/ESPID guidelines
have questioned the appropriateness of this formulation
to the European setting and recommend the use of the
so-called ESPHAGN solution, (or hypoosmolar solution,
60 mmol/liter Na + concentration) for children of Europe [11.
ESPGHAN solution was effective, well tolerated and safe
given the risk of cholera is very low in Europe 1211 Recendy
updated guidelines for the management of acute diarrhea
in USA recommend hypoosmolar solutions containing
45 mmol/liter Na+ [19].

However, most data on ORS composition have been
obtained from trials in children in developing countries,
highlighting the need for trials with ORS formulacions clini-
cally appropriate for children in developed countries.
Although a Cochrane meta-analysis (21, as well as the WHO
documents [(16], indicate the use of 75-mmol/liter solution, it
should be noted that several trials included in those docu-
ments used hypoosmolal solution containing 60 mmol Na+,
also in developing countries [22-24] and cholera areas [231. The
WHO clearly states that ORS containing
60 - 90 mmol/liter of sodium are effective, and this reflects
the indications from developing countries. It is well possible
that high sodium composition is suboptimal in developed
countries. The risk of cholera and hyponatremia and also pal-
atability are the major factors that influence the different
approaches worldwide. Idea]ly, a universal ORS would be
the best solution to increase its use, but the equilibrium
between efficacy, safety, palatmbility and swability should be
investigated in greater depth [25].

solutons
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Box 1. Features of an ideal drug for acute diarrhea.

Reduces intestinal fluid losses

Is effective independently of etiology
Is given in a single administration
Has a good taste

Does not affect nutrients absorption
Has no side effect

Is widely available

Is stable (does not need refrigeration)
Is cheap

4. Options for active treatment of
gastroenteritis

While ORS is essential for correcting or preventing dehy-
dration, it does not reduce the severity or the duration of
diarrhea, which raises the need for an active therapy.
Clearly, it is important that such therapy be effective and
well tolerated, especially as it is likely to be administered
at home.

The ideal drug for gastroenteritis should have several fea-
tures, which are summarized in Box 1. A drug with all those
features does not exist, but selected commercially available
drugs have a good profile, whereas many have not. The major
problem for the vast majority of drugs proposed for gastroen-
teritis is the lack of evidence of efficacy. For some there is
some additional worry. Anti-motility agents, such as lopera-
mide, are not recommended for use in children because of
the potential for fatal side effects [26].

Among a wide range of drugs proposed for gastroenterits,
evidence of efficacy is available only for zinc, racecadotril,
diosmectite and selected (very few) probiotic strains (Table 1).

4.1 Zinc

Zinc supplementation (at low doses) is recommended by both
UNICEF and WHO as a universal treatment for acute diar-
rhea in childhood 27].

In the last 3 years, five meta-analyses, including more
than 10000 cases, showed that zinc supplem entation signif‘-
icantly reduces the severity and duration of acute and
persistent diarrhea in children aged < 5 years [28-30. How-
ever, almost all the available evidence is based on children
living in developing countries where zinc deficiency is a
common condition.

A post hoc subgroup analysis by Patro et al. according
to the nutritional status of enrolled children showed a
greater effect of zinc supplementation in children severely
malnourished than in those with nonsevere or no malnutri-
tion [28]. Evidence is poor in nonmalnourished children.
Whether zinc supplementation would be effective in
countries where zinc def‘iciency is rare, such as European
countries, is uncertain [2831].

Additional studies are needed to establish the udlity and
efficacy of zinc supplementation in areas where zinc deficiency
is not a problem.
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Research is also needed to define fully the mechanism of
action of zinc in the management of acute diarrhea in

children [321.

4.2 Probiotics

Probiotics may be effective for acute diarrhea, in adjunct to
ORS 33,34]. Compelling proof of efficacy is limited to few
strains, specifically Lactobacillus rhamnosus GG (LGG) and
the yeast Saccharomyces boulardii [1]. For many strains, data
are preliminary and far from convincing. Also, while it is
thought that probiotics modify the composition of the colonic
microflora and act against enteric pathogens, their mecha-
nism of action have yet to be defined [35]. Clinical data are
fundamental to evaluate strain efficacy. The level of proof is
‘conclusive’ for LGG. A met-analysis of trials focusing on
this strain showed a significant reduction in the duradon of
diarrhea (weighted mean difference, WMD -1.1, 95% CI -
1.9 to -0.3 days), especially in rotavirus-associated infection
(WMD -2.1, 95% CI -3.6 to -0.6 days) 136]. The other
effeciive probiotic organism is S. boulardii. A meta-
analysis showed that S. boulardii was moderately effective in
reducing the duration of diarrhea in otherwise healthy chil-
dren with acute diarrhea (WMD -1.1, 95% CI -1.3 to -
0.8 days), although the evidence-base was smaller than for
LGG 1371. However, a comparative trial with five different
probiotic preparations showed that only two were effective,
indicating that many of the commercially available products
do nothing for symptom duration and severity of gastroenter-
itis 38]. The increasing availability of new strains highlights
the need for reassessment of effective preparations, with
specific emphasis on stool output and other established
parameters of efficacy. In addition, the clinical setting and
the target of probiotics should be better defined. Finally, a
specific issue is the optimal dose of probiotics and optimal
time for administration. Although probiotics are living organ-
isms, a dose-effect relationship is likely as with any biological
phenomenon and should be investigated. At present a dose
response effect is based on indirect evidence only [39]. In con-
trast to zing, studies on the ei"r‘icacy of probiotics have been
done almost exclusively in developed areas, and the evidence
of efficacy is limited to developing countries. In addition,
recent guidelines produced in India do not recommend the
use of probiotics because of the lack of evidence [40]. Malnutri-
tion and the high incidence of bacterial agents may explain
the limited efficacy of probiotics. However, more data
are needed to assess the role of probiotics in developing coun-
tries, especially in preventing the progression from acute to
persistent diarrhea and associated malnutrition.

4.3 Racecadotril (acetorphan)

Racecadotril (acetorphan) may be considered in the manage-
ment of acute diarrhea in children [1], based on the evidence
of significant reduction in the duration of diarrhea in hospi-
talized children in different areas (Peru (41] and France 1421).
Stool volume was also reduced in one trial [27]. These data
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Table 1. Overview of effective options for active treatment of diarrhea in adjunct to ORS, based on ESPGHAN/

ESPID guidelines [1].

Treatment

Level of evidence of efficacy

Outstanding issues

Zinc supplementation®

Probiotic strains*

Racecadotril*

Smectite*

Loperamide?

Kaolin-pectin®
Activated charcoal®

Good; clinically relevant reduction in the duration
and severity of diarrhea (in controlled trials in
developing countries)

Good but strain-specific (LGG and Saccharomyces
boulardii); significant reduction of diarrhea duration
(in meta-analyses and controlled trials); no clear
effect on stool output

Good; significant reduction of stool output (in

1 clinical trial) and diarrhea duration (in 3 controlled
trials)

Good; significant reduction of stool output (in

2 trials) and diarrhea duration (in meta-analyses and
controlled trials)

Limited (lack of adequate trial data to support use;
methodological issues in available trials)

Poor (lack of adequate trial data to support use)
None

Uncertain efficacy in children without zinc
deficiency

If given with ORS, the dose may be insufficient to
obtain clinical effects

Highly effective against viral diarrhea but not in
bacterial diarrhea

Mechanism of action requires further investigation
Risk of antibiotic resistance

Effective on stool volume (in inpatients)

Need for well-designed studies in outpatient
populations to evaluate efficacy and safety

Need for well-designed studies in the outpatient
setting in developed countries

Mechanism of action requires further investigation
Safety issues

Should not be used in infants and young children
for potentially severe side effects

No clinical trial data

Bismuth subsalicylate’  Poor

Herbal medicine’ (e.g.,
Potentilla tormentilla®)

Folic acid* none
Glutamine? Poor
Actapulgite* Poor

Nitazoxanide*
population; independently of etiology)

Prebiotics* None

Poor (lack of standardization in the preparation)

Poor (lack of trial data to support use in the general

Possible effect on stool output (one study)
Limited data

Tolerability issues

Potential risk of Reye syndrome

Lack of dlinical trial

(supported by limited clinical data - only 1 trial)
Lack of adequate trial data to support use in setting
of acute diarrhea

Lack of adequate trial data to support use

Lack of adequate trial data to support use

Effect strongly dependent on pathogen

Lack of adequate trial data to support use

*Products that demonstrated strong efficacy in different setting.
*Products with poor or limited evidence of efficacy.
iSee [63).

ESPGHAMNESPID: European Society of Pediatric Gastroenterology, Hepatology and Nutrition and European Society of Pediatric Infectious Diseases;

LGG: Lactobacillus rhamnosus GG strain; ORS: Oral rehydration solution.

were reviewed and it was concluded that racecadotril has
some evidence of efficacy, but more data are needed [43].
Subsequently, it was reported that racecadotril had no effects
on stool number and total duration of gastroenteritis in an
outpatient setting [44]. In addition, also for racecadotril, the
mechanism of antidiarrheal activity is not clear, although it
may be related to a selective inhibitor of enkephalinase lead-
ing to a reduced transcpithc].ial secretion [45]. There are
methodological issues and limited data in outpatients that
limit the interpretation of results on racecadotril efficacy.
However a recent meta-analysis including more than 1300
in- and outpatients reported that racecadotril has a clinically
relevant effect in reducing diarrhea (duration and stool out-
put and number), and this effect was independent of baseline
states (dehydration, rotavirus), treatment conditions (inpa-
tient or outpatient studies) or between-country cultural
disparities [46].

4.4 Diosmectite

Diosmectite is a naturally multilamellar  aluminum-
magnesium clay silicate, widely used to treat acute diarrhea
in several countries. A meta-analysis combined data from six
randomized controlled trials showed that diosmectite signifi-
cantly reduced the duration of diarrthea (WMD -22.7 h,
95% CI -24.8 to -20.6 h) with a fixed model; the effect
remained significant when data were analyzed with a random
effects model [47). Treatment was associated with increased
likelihood of cure at day 3 (relative risk 1.64, 95% CI
1.36 - 1.98; number needed to treat to resolve one case of
diarrhea = 4). In a large sample study in an outpatient setting
in Italy, diosmectite reduced the duration of diarrhea and
decreased the risk of its protracted (> 7 days) duraton [48].
Despite the evidence of efficacy on duration of diarrhea, the
doubtful effect of smectite on stool output has represented a

matter Df." concern a.nd S0Mme authors interpreted the ci“r‘ect Df‘
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smectite as ‘cosmetic’, indicating a more solid appearance of
stools, without any changes in their volume [49]. However,
two recent placebo-controlled trials, in Peru (n = 300) and
Malaysia (n = 302), showed that treatment with diosmectite
significantly reduced stool output over the first 72 h and
this children with
positive infecton [50]. This latter f‘inding is clinicaﬂy relevant
given the burden of rotavirus infection in both developed
and developing countries.

effect was maximal in rotavirus-

Therefore, evidence for efficacy of diosmectite is very broad
including developed and developing countries and inpatient
and outpatient settings. The mechanisms implicated in theand-
diarrheal effect include, increased colonic mucin secretion and
modulation of cytokine production by mucosal cells [51], as
well as effects on intestinal permeability (521 and blockade of
water and electrolyte secretion [53. A mechanism of action
based on multiple effects is supported by the present under-
standing that rotavirus induces diarrhea through a sequence of
functional and structural events on the enterocyte [54]. As a con-
sequence, diosmectite could be highly beneficial against rotavi-
rus, but also effective against a broad pattern of enteric
pathogens that induce diarrhea through either enterotoxic or
cytotoxic mechanisms.

4.5 Antibiotics

Antibiotic therapy is not needed in the vast majority of

otherwise healthy children with acute gastroenteritis.
Despite the overall goal of improving clinical symptoms

and preventing complication, antibiotics are not indicated in

common cases of acute gastroenteritis because of:

o Poor evidence of efficacy of antibiotics even in bacterial
gastroenteritis.

® Inconsistence between in vive and in vitro susceptibility
of causative agents.

® Worldwide increase of bacterial resistance (such as
Shigella) to antibiotics.

o Risk for inducing a state of healthy carrier in case of
Salmonella infection.

Antibiotic therapy could be indicated in defined clinical
settings or selected cases in which a specific pathogen has
been isolated. For example, several well-designed studies
have shown that an appropriate antibiotic treatment of
Shigella (e.g., azithromycin or ceftriaxone) gastroenteritis
may improve symptoms and reduce fecal excretion of
the pathogens [1]. Eradication should be pursued in hospi-
talized, institutionalized children or those attending day-
care. In similar settings also, an acute gastroenteritis
caused by Campylobacter could be considered an indication
to treatment to be started within 3 days after disease
onset [1]. Diarrheagenic Escherichia coli (STEC), Vibrio
cholerae and  Clostridium  difficile treatment may be
considered for specific treatment based on the severity
of symptoms.
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5. Implementation of guidelines and actions
for improving management of diarrhea

There are several guidelines on the management of acute gas-
troenteritis and their quality ranges from satisfactory to excel-
lent. This has been recently shown in a work conducted using
The Appraisal of Guidelines Research and Evaluation
(AGREE) instrument, a standard validation tool to score
guidelines quality (55]. The major problem with guidelines is
their application in different settings. A number of outstand-
ing issues may limit the applicability of trial data to current
practice. These include the need for trials in inpatients and
outpatients and in developed versus developing countries,
the definition of patient group and also the importance of
local factors including culture and beliefs. Implementation
of clinical guidclines requires a multifacered approach [56].
The application of guidelines to dinical practice can be mea-
sured as a gap between what is actually done and what should
be done in an established clinical condition according
to guidelines. The quality of care delivered to children in
an ambulatory setting is far from good, ranging from
40 - 70% even in optimal conditions [57].

The key points in acute gastroenteritis include preven-
tion, rehydration, microbiological investigations, nutrition
and drugs. The management of acute gastroenteritis is
based now on the option of ‘doing the least’: ORS admin-
istration, early ref‘eeding, no testing, No UNnNecessary
drugs [2055]. However, recent guidelines support the con-
cept of active treatment of gastroenteritis with drugs that
have evidence-based efficacy.

Some authors are confident that the application of ther-
apies and interventions that have already been demon-
strated as effective could significantly reduce morbidity
and mortality for diarrhea worldwide. Others, by contrast,
feel that more direct evidence is needed in developing
countries and point out the cost of treatments that could
be only marginally effective in modifying the course of
the disease.

Recendy, Fischer-Walker and colleagues estimated, by
using a modeling exercise, that the implementation of a mul-
tifaceted intervention based on both preventive activities (such
as breastféeding, vitamin A supplementaﬁon, hand washing,
improved sanitation and drinking water sources, rotavirus
vaccination) and treatments (including ORS, zinc and antibi-
otics for dysentery) could reduce diarrheal deaths by as much
as 80% by the end of 2015 [55].

6. Costs and efficacy

With increasing  requirements for financial restraint,
cost-effectiveness analyses are a crucial part of any medical
approach. The cost of an episode of diarrhea is not negligible.
A previous paper by Avendano et 2l estimated the cost of an
episode of acute diarrhea in an outpatient setting in the USA

to be high at US$300 (US$325 for rotavirus-diarrhea, which
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Table 2. Total costs and incidence of productivity loss
for one episode of acute gastroenteritis induced by
rotavirus in a child seen in primary care setting.

Total costs  Loss of No. of working
(mean; €) productivity (%) days lost

Belgium 473 - -

France 321 56 25

Germany 432 - -

Italy 292 61 39

Spain 166 42 4.4

United 375 36 29

Kingdom

Sweden - 73 43

Modified by permission of Oxford Journals [61].

Box 2. Priorities to be considered in reducing the
burden of gastroenteritis worldwide.

Composition of universal oral rehydration solution
(osmolality)

Large-scale immunization against rotavirus

Inclusion of zinc in oral rehydration solution

Studies on the economic impact of active treatment of
diarrhea

Optimal strategies to increase compliance with guidelines
Education of families on oral rehydration

Active treatment of acute gastroenteritis based on
‘universal drugs’

is more severe than rotavirus-negative diarrhea) [59]. The distri-
bution of costs clearly indicates that working days lost are the
major item. A study from laly yielded similar results and also
showed a reladonship between days of diarrhea and missed
work days [50]. A more recent analysis of costs shows similar
results for rotavirus diarrhea in EU countries, highlighting the
impact of productivity loss on total costs, although with some
variations in EU countries (Table 2) [61]. It is a logical hypoth-
esis that a reduction in the duration of diarrhea would decrease
the loss of working days, hence of costs.

An estimate of the economic burden of diarrhea in India
reported that median household expenditures for diarrhea
episodes at the referral and the community hospitals equaled
5.8 and 2.2% of the annual household income, respectively [62].
Considering a reduction of only 20% in duration of diarrhea,
there would be a corresponding reduction of direct and indirect
costs with limited cost for drugs. The data indicate that major
savings may be expected in direct and indirect costs. However,
country-specific data cannot be readily translated to other set-
tings. Therefore, there is a need for comprehensive evaluation
of the burden of intestinal infections in children, in both devel-
oped and developing countries. The best way of achieving this
is via country-specific data. In such a process, the involvement
of government policy makers together with that of scientfic

societies would be essental.

7. Conclusions

Acute diarrhea is still associated with substantial morbidity
and mortality, especially in developing regions. Given the fre-
quency of the problem, there are major cost implications,
especially taking into account societal perspectives. The expert
group highlights a number of actions that could improve the
management of diarrhea (summarized in Box 2) to reduce sub-
stantially the burden of childhood acute diarrhea at a global
level. These actions cover a broad spectrum, ranging from pre-
vention to education, to research, to economic analysis.
A multifaceted strategy is greatly needed.

8. Expert opinion

Acute gastroenteritis has been the target of a number if inter-
ventions on a global scale in the last 10 years, and the manage-
ment of acute gastroenteritis has substantially improved. Oral
rehydration solution was defined as the most important drug
of the 20th century, based on the number of deaths spared
with its use. The concentration of Na + in the dassic
WHO/Unicef formulation has been reduced (as an option)
to 75 mmol/liter of Na+, a concentration able to treat both
cholera and noncholera diarrhea, and 60 mmol/liter is most
probably effective in the vast majority of cases. However, in
developed areas, where diarrhea-related death is not an issue,
most children tend to refuse ORS with high Na + concentra-
tion owing to the taste. Whether this would uldmately lead o
a different ORS in developed and developing countries as it is
progressively seen, or trigger a reevaluation of a purative uni-
versal ORS composition should be discussed. The trend is
towards a reduction of Na + content in parallel with a
progressive decrease of the risk of cholera.

Also, the nurritional management during acute gastroenteri-
tis has changed and the concepr of refeeding is obsolete, being
replaced with the concept of continuing nutrition with regular
food including formula or milk in the vast majority of cases.

In parallel new drugs have been made available and new
proofs of efficacy have been provided for some of them. Active
treatment of diarrhea is a priority on a global scale. Mothers
ask for effective drugs independendy of a mild (or less mild)
course of the disease or their setting. In the past there was a
general ‘opinion against’ the use of drugs for acute gastroen-
teritis. There was little proof of efficacy and, in addition, there
was a fear that drugs would detract attention from the main
intervention, that is oral rehydration. In parallel, a major field
of intervention was manipulation of diet, with exclusion of
lactose from milk, of milk from the diet, of cow’s milk protein
from infant nutrition, or even of any nutridon for a limited
time during the acute phase of diarrhea. Today feeding is no
longer a wmrget of therapy, but there is an increasing trend
towards the use of drugs.

Widespread use of effective drugs may deeply change the
impact of acute diarrhea. Early use of ORS (which remains
a priority), associated with effective d.ru.gs, may prevent
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hospitalization either by reducing the intensity of symptoms
but also by providing a relief to anxious mothers. This may
turn into an addidonal benefit in limitng hospitalizations.

Interestingly, out of the many drugs proposed for manage-
ment, only a few show proof of efficacy, and for very few of
them the efficacy is supported by solid evidence (i.e., meta-
analysis). Epidemiology and etiology of acute gastroenteritis
is only relatively affected by local conditions and the pattern
is rather similar in different settings, with rotavirus consis-
tently being the top agent. In contrast with such a universal
pattern, the approach to gastroenteritis often reflects local
trends (and marketing) conditions. A major effort is needed
to exploit the concept of having a universal treatment, or a
limited number of evidence-based therapies, in addition
to ORS.

On the other side of the management of acute gastroenter-
itis is prevention. The availability of effective vaccines against
rotavirus provides a major opportunity for not only reducing
the global burden of the disease and substantially preventing

its most dangerous consequences to children’s health, but

Guarino, Dupont, Gorelov, et al.

also for limiting the fear of the disease. Again, the goal is to
promote optimal management of the problem with interven-
tions that are easy to apply and have no risk. Prevention is
expensive, however, and rich countries should support it par-
ticularly in countries where acute diarrhea is still a major
threat to the health of children. This should be done by
contributing to the cost of the vaccine and its use. It is disap-
pointing that, with the exception of the USA and a few
countries in Europe, rotavirus vaccination is far from being
implemented where there is effective infrastructure and
enough financial support.

However, effective interventons, both in the field of man-
agement and of preventions, are still poorly applied and there
is a major gap between what we could do and what we actually
do. Maybe it is time for a ‘yes we can’ approach.
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CHAPTER 3.
THE IDENTIFICATION OF RELEVANT CLINICAL OUTCOMES
IN INFECTIOUS DISEASES

3.1 The Consensus Group on Outcome Measures Made in Pediatric Enteral Nutrition: COMMENT

Initiative

A standard definition of outcomes measures is a essential point in the evidence-based process to
1) accurately assess the efficacy of interventions; 2) compare results of different studies and/or
different interventions; 3) monitor process in the time and assess the effect of changes in practice.
The change in definition of outcomes and in the way of measuring it may significantly affect the
evaluation of results.

In many fields of medicine a high heterogeneity in definitions has been reported; one example has
been reported in a recent systematic review of 138 RCTs studying the effects of different
interventions applied to children with acute diarrhea. In this review Johnston and colleagues
found that 64 different definitions of diarrhea, 69 definitions of diarrhea resolution and 46 unique
primary outcomes were used [1].

The key question is: How can we consider an intervention effective and appropriate if the
definition of illness and healing, and the way choose to measure them are not reliable and
standardized? Only the use of standardized definitions of illness, severity and healing or
compliance and poor outcomes can lead to reliable and comparable results, and consequently
allow an active monitoring of processes in the time.

In addition, in many cases researches focus on indices that may not be relevant to child health or

quality of life.

Nutrition in infancy and childhood markedly influence relevant functional and health outcomes on

a short- and long-term basis [2, 3]. During infancy, nutritional habits must meet the physiological

nutrient requirements and support healthy growth and normal development.
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Many different nutritional interventions have been proposed and tested to improve or optimize
child development. Also the ESPGHAN provided guidance documents and promoted clinical trials
to develop recommendations on the efficacy and benefits of many nutritional interventions and
innovations; however conclusions still remain uncertain and controversial in many fields, for
example the addition of compounds with proposed probiotic and prebiotic effects to infant foods
that has been recently highlighted by the ESPGHAN Committee on Nutrition [4].

There is still no agreement within the scientific community about how to best define and measure
outcomes used in nutrition trials conducted in infants and young children [5].

The use of inappropriate outcome measures and/or their definitions may result in misleading
information on the relevance of the outcome measure for infant health. It also may result in
overestimation, underestimation or failure to reveal potential benefits of the intervention [5].
Moved by these features, in 2012, a group constituted by members of the Committee of Nutrition
of the ESPGHAN, the Early Nutrition Academy and the Child Health Foundation promoted an
initiative named Consensus Group on Outcome Measures Made in Pediatric Enteral Nutrition
Clinical Trials (COMMENT). The main objectives of this initiative are to:

1) To agree upon a range of outcome measures relevant to nutrition trials in children below 3
years of age;

2) To agree upon an updated ‘core data set’ that should generally be recorded in nutrition trials in
infants and young children, and

3) To provide guidance on the use of surrogate markers in pediatric nutrition research.

With the final aim of driving the future research in the filed of pediatric nutrition and provide a

standard core outcome set for the development of future clinical trails in that filed.

In details the participants discussed these objectives and agreed to set up six minor working

groups whose coordinators and objectives are reported in Table 3.1.

Table 3.1 COMMENT Working Groups with respective coordinators and field of work

Working Group - Topic Coordinator

Growth Prof. Kim Fleischer Michaelsen
Acute diarrhea Prof. Hania Szajewska

Atopic dermatitis and cows’ milk protein allergy Prof. Christophe Dupont
Respiratory Infections Prof. Alfredo Guarino

‘Gut comfort’ (e.g. colic, constipation, bloating) Prof. Marc Benninga
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Review of core data set Prof. Bert Koletzko

The methodology used to define the most appropriate outcome measures in different fields of

infant medicine was based on the following steps:

1.

4,

Isolation and comparison of the outcomes currently reported in literature for each topic.
To reach the first goal a systematic search in MEDLINE, EMBASE and the Cochrane Library
was performed by using appropriate search terms and filters according to each specific
topic;

Determination of which outcomes to measure in clinical trials. Since the best strategy for
selecting outcomes for clinical trials in children is currently not known [6], the working
groups chose the Delphi technique. This is a structured method for reaching consensus in
which opinions are sought from individuals and the collated results are fed back to the
group as a whole to generate further discussion and finally reach an agreement [7, 8].The
Delphi method’s main advantage is anonymity, which allows for freedom of expression and
also protects from any individual dominating a discussion, as can happen during a
discussion or face-to-face debate [8];

Identification of outcomes of highest relevance in clinical trials from different perspectives
(ie. clinicians/researchers, patients or their families, representatives from industry and
regulatory people);

Definition of a core outcome set to be used for future trials in the field of interest.

3.2 Results of the COMMENT working group on respiratory infections

The Working Group on respiratory infections was coordinated by Prof. Alfredo Guarino and aimed

at defining criteria for assessing key outcomes in pediatric nutrition trials in the field of respiratory

infections.

We critically reviewed clinical trials studying the impact of nutritional interventions on upper

(URTI) and lower (LRTI) respiratory tract infections. We focused on definitions, key outcomes,

settings and confounding factors. A standardized table of evidence including author, year of

publication and journal, type of trial, target population, intervention, control, primary outcomes

and definitions of respiratory illness, clinical outcomes and the assessment of biomarkers to
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measure the effects of nutritional interventions on respiratory outcomes was prepared. In papers
including respiratory and non respiratory clinical outcomes, only data related to respiratory clinical
features and related definitions were reported in the table of evidence.

The electronic and bibliographic research identified 107 suitable references. After abstract
screening and application of study inclusion criteria, 50 papers were included, 46 focusing on
prevention of respiratory episodes and 4 on treatment.

Trials included in our analysis were published between 1991 and 2012 (21% between 1991 and
1999 and 79% between 2000 and 2012).

Interventions
The nutritional interventions applied in the analyzed studies were broad and included infant
formulas and yogurt (enriched with various prebiotics or probiotics and/or micronutrients),

vitamins and micronutrients supplementation and other interventions.

Definitions

A specific segmental definition of upper or lower respiratory tract infections was reported in 45/50
(90%) trials. In 5 trials, no definition of respiratory infections was reported. In 15 of the 50
analyzed trials, the definitions of URTI, LRTI and acute otitis media were based on a specific
diagnosis made by a pediatrician (rhinitis, laryngitis, tracheitis, pharyngitis, sinusitis, otitis,
common cold/influenza). In 30 trials, the definition of URTI or LRTI was based on clinical symptoms
reported by families or field workers (runny nose, cough, sore throat). Lower respiratory tract
infections included pneumonia, bronchitis, wheezing and bronchiolitis. The specific diagnosis was
usually made based on cough, abnormal respiratory rate according to age, crepitation to chest
auscultation and chest indrawing, and was supported by radiographic findings in some cases.

In some trials, other systemic symptoms and signs such as fever, headache, restlessness, shortness
of breath and acute ear pain, were added to the respiratory features to further support diagnosis.
Fever was reported in 22 out of 50 trials reported as a feature associated to URTI or LRTI although
a specific definition of fever was provided only in 8 papers (36%) and the cut-off temperature
values varied, with a rectal temperature >38°C being the most common definition. The
temperatures were usually reported by parents or field workers, and the duration of each episode

was recorded in days (rather than hours).
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The most relevant result is the huge heterogeneity in definitions used in trials. Overall we found

13 different definitions of LRTI, 5 of URTI and 3 of fever.

Outcomes

Incidence, prevalence and duration of specific respiratory symptoms (eg. cough with or without
fever) were the main outcomes in prevention trials. Duration of symptoms or hospitalization, and
symptom-free periods were the main outcomes in the only 4 trials on treatment.

Some trials included quantitation of antibiotic prescriptions, absence from daycare or school, or
medical visits as surrogate end-points, even if in no case a specific definition was provided.

In addition, in many trials the “definition” of diseases, as well as the diagnosis of respiratory
infection, was committed to field workers of even to family members; this evaluation might

significantly affect the reliability of the results.

Conclusion and further research steps

Considering the current scenario and the relevant heterogeneity reported, a straightforward
definition of outcome measures seems to be needed to ensure a more reliable and consistent
reporting of data.

We hypothesized to differentiate outcomes into two categories: “direct” and “indirect” outcomes.
The “direct outcomes” would be aimed at assessing the efficacy of a selected intervention on
respiratory diseases. These outcomes, including the incidence or the severity of selected infections
(otitis, URTI, pneumonia), should be measured by well-trained personnel (eg. physicians) who
make a specific diagnosis. In that case definitions should be based on updated guidelines.

On the other side, the “indirect outcomes”, such as the number of performed chest-X-ray,
working-day loss, medical visits and interventions or hospitalization, may provide a reliable
estimate of the burden of respiratory diseases on health-care. These simple, easy-to-measure end-
points may be monitored by field workers or, even, family members (if trained), bypassing the
need to use difficult or complex diagnostic criteria, or validated scores.

The article by Guarino et al. [9] here attached reports in details the finding of this first phase of the
Working Group. However, based on the above reported approach the Working Group developed a
guestionnaire reporting the main outcome measures distinguished in direct and indirect
outcomes. To complete the phase 4, the questionnaire has been circulated among 1) the authors

of previously published trials on the use of nutritional intervention aimed at prevent or treat
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respiratory infections, 2) expert of the ESPGHAN Society, 3) experts of the ESPID Society and 4)
participants to international congress on gastroenterology and infectious diseases with the aim of

grading the 3 most relevant outcomes for each category (direct and indirect outcomes).

3.3 Results of the COMMENT working group on acute diarrhea

The Working Group on acute diarrhea was coordinated by Prof. Hania Szajewska.

For the first phase of the project the group referred to the review performed by Johnston and
colleagues [1], and begins from that point to identify the definitions of diarrhea, resolutions,
scores and markers.

Once identified the outcomes reported in literature, the group developed an electronic
guestionnaire with two open-ended questions to identify potential outcomes and distributed it to
clinicians/researchers, industry representatives and members of regulatory bodies. Members of
ESPGHAN and ESPID were invited to participate in the electronic Delphi survey, along with
representatives from industry, regulatory people and researchers. The responders were asked to
consider which outcomes should be measured in clinical trials related to acute diarrhea in both
inpatient and outpatient settings. A similar, simplified questionnaire was developed for parents.
Parents of children admitted to the hospital due to acute diarrhea in Belgium, Italy, Israel and
Poland were invited to participate in the first round of the Delphi survey of parents.

A second phase included the definition of a short list of clinically relevant outcomes selected from
those listed by at least 10% of participants in phase 1.

This list was proposed to the evaluation and responders were asked to consider which outcomes
should be measured in clinical trials related to acute diarrhea in both inpatient and outpatient
settings. Two types of question were created for this part—one ranking each outcome on a scale
of 0 (unimportant) to 4 (very important) and the other asking responders to select the five most

important outcomes in their opinion [8].

Clinical questionnaire
A total of 64 responders, including ESPGHAN members, ESPID members, researchers, regulatory
body members and industry representatives, completed the 2 phases

In the outpatient setting, the need for hospitalization, diarrhea duration and dehydration were
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clearly considered to be the most important outcomes of treatment. In the inpatient setting, on
the other hand, hospital stay, diarrhea duration, dehydration and the use of intravenous

rehydration therapy were seen as the most relevant outcomes to be included considered.

Parents’ questionnaire

Thirty-two parents from Italy, Belgium, Israel and Poland took part to the phase 2.

It was found that the most comforting aspects of treatment included the child behaving normally,
seeming healthy and being willing to eat and drink, improvement of diarrhea and the medical visit,
consultation and reassurance. The most worrisome aspects of treatment included bloody diarrhea,

fever and the child’s worsening condition.

Conclusions and further research steps

So far, the Working Group on acute diarrhea has completed three out of four steps of the project.
Once again a huge heterogeneity in reporting clinical outcomes was emerged in this filed as well
as for respiratory infections. To date the identification of outcomes related to acute diarrhea are
reported and the decision about the methodology for determining which outcomes to measure in
clinical trials has been taken. The latter steps have been reported in the paper by Karas et al [8]. To
complete the project, the working group needs to determine the outcome core set. It would
additionally be very useful to ascertain the impact of this core outcome set creation and monitor

its implementation in future trials.
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Abstract

Background/Aims: This study is aimed at assessing defini-
tions and outcomes used to measure the effects of nutrition
in the prevention and treatment of respiratory tract infec-
tions in childhood. Methods: We reviewed clinical trials
studying the impact of nutritional interventions on upper
and lower respiratory tract infections (URTI and LRTI), focus-
ing on definitions and key outcomes. Results: Fifty trials
were included (46 on prevention and 4 on treatment). The
definitions of respiratory infections were highly heteroge-
neous. In 15 of the trials, URTI or LRTI were diagnosed by a
pediatrician. In 30 trials, definitions were based on symp-
toms reported by family members or field-workers only. Five
trials did not provide any specific definition. Incidence was
the most common outcome measure reported in the trials
on prevention, and duration and illness severity were the
most common in the treatment trials. Conclusions: The re-
sults showed a major heterogeneity with the use of a wide
array of different definitions and clinical end points. To over-
come these limitations, outcome measures might be differ-
entiated into two categories: ‘direct outcomes’ in which

respiratory infections are diagnosed and monitored by
physicians according to rigorous definitions and ‘indirect
outcomes’ (e.g. chest X-ray, antibiotic prescription and hos-
pitalizations) to assess the burden of respiratory illnesses.
Agreement on standard definitions and end points is need-
ed to drive future trials. © 2013 5. Karger AG, Basel

Introduction

Acute respiratory infections (ARI), including both up-
per and lower respiratory infections (URTT and LRTI),
are the most common illnesses worldwide during infancy
[1]. The high rates of respiratory infections are associated
with high social and family costs [2].

ARI are a major cause of missed work-days by parents
and are responsible for a massive use of drugs and inves-
tigations.

Risk factors for AR, in addition to host-related condi-
tions, include environmental conditions such as seasonal-
ity (i.e. wintertime with higher rates of influenza, respira-
tory syncytial virus and other viruses) and selected settings
such as daycare centers, schools and hospitals. Children
attending daycare centers are at a 2- to 3-times greater risk
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for developing ARIthan children athome [3]. Host-related
conditions such as immune-compromising conditions,
underlying chronic diseases and atopy are associated with
an increased incidence and severity of ARI [4].

Scattered data suggest that selected nutritional inter-
ventions may reduce the risk of developing ARI. Probiot-
ics, prebiotics, vitamins and micronutrients such as zinc
have been used to reduce the incidence of gastrointestinal
and respiratory infections in pediatric populations. Results
are sometimes conflicting and often difficult to generalize.
This may depend on factors such as population features
(e.g. age, location, health status, risk factors and other ther-
apies) and type of intervention (e.g. type of supplementa-
tion, formulation, dosage and duration of consumption),
but may be even more strongly related to the difference in
definitions and outcome measures that have been used.

The recently formed Consensus Group on Outcome
Measures Made in Paediatric Enteral Nutrition Clinical
Trials (COMMENT) appointed specific working groups
to identify and define criteria for assessing key outcomes
in these trials. The overall aims of the COMMENT initia-
tive are reported in detail in a previous paper by Koletzko
etal. [5].

Inspired by the COMMENT initiative, a panel of
experts including members of the European Society of
Pediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) and the European Society of Paediatric In-
fectious Diseases (ESPID) decided to conduct a system-
atic review of the available data, to define the most appro-
priate criteria to apply in trials that study the effects of
nutritional interventions for the prevention or treatment
of ARI in children [5].

This study is aimed at reviewing the data from the tri-
als, looking at the effects of selected nutritional interven-
tions on ARI in infancy and early childhood, with spe-
cific attention paid to the definitions, clinical end points
and markers used.

Methods

Search Strategy

‘We searched for clinical trials studying the effects of different
nutritional interventions on ARI in children and infants.

A research on MEDLINE (up to August 2012) and on the Co-
chrane Central Register of Controlled Trials (CENTRAL 2012)
databases was performed, with no limit on article type or time,
in order to obtain a full body of evidence to be selected after-
wards.

Search terms included extensive controlled vocabulary and key-
word searches for ‘respiratory tract infections’ [Medical Subject
Headings (MeSH) and text words (tw)], ‘influenza’ (tw), ‘otitis’
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(MeSH and tw), ‘pneumonia’ (MeSH and tw), ‘infants’ (MeSH and
tw), ‘child* (MeSH and tw), ‘nutrition’, ‘infant formula’ (MeSH),
‘yoghurt’ (MeSH and tw), ‘probiotics’ (MeSH), “prebiotics’ (MeSH),
‘synbiotics’ (MeSH), ‘micronutrients’ (MeSH), ‘calcium’ (MeSH
and tw), ‘vitamin’ (tw), ‘lipid’ (MeSH), ‘fat*” and ‘fats’, ‘carbohy-
drates’ (MeSH) and ‘protein’ (MeSH).

To identify additional articles, references cited in the included
trials were checked.

Study Selection and Data Extraction

We decided to include studies conducted on children up to the
age of 6 years (preschool age), published in English, that include
URTI or LRTI as primary or secondary outcomes, or biomarkers
related to respiratory tract inflammation or infection episodes. Al-
though the COMMENT project included infants and young chil-
dren aged <3 years [5], we decided to extend the age range up to 6
years with the ultimate aim of including preschool children who
more frequently develop respiratory infections and are the usual
target population for such trials on respiratory infections. Any type
of nutritional intervention was considered. However, administra-
tion of ‘functional foods’ as such, including prebiotics, probiotics
or synbiotics not included in formulas or other foods, was not in-
cluded.

Trials on populations with a wide age range including both tar-
get population (infant and preschool children) and older children
were included, even if age-specific subanalysis was not reported.
Trials that included only children =6 years of age were excluded.

Articles were selected based on the title and abstract, and the
full text of all selected articles was retrieved and independently as-
sessed for inclusion according to prespecified criteria by two inde-
pendent reviewers (E.B. and A.L.V.).

A standardized table of evidence was prepared including au-
thor, year of publication and journal, type of trial, target popula-
tion, interventions, controls, primary outcomes and definitions of
respiratory illness, clinical outcomes and the assessment of bio-
markers to measure the effects of nutritional interventions on
respiratory outcomes. In articles including respiratory and non-
respiratory clinical outcomes, only data related to respiratory clin-
ical features and related definitions were reported in the table of
evidence.

Descriptive statistics were used to describe the characteristics
of trials and compare definitions used by researchers, interven-
tions and outcomes.

Results

The electronic and bibliographic research identified
107 suitable references. After abstract screening and ap-
plication of study inclusion criteria, 50 papers were in-
cluded, 46 focusing on the prevention of respiratory epi-
sodes and 4 on treatment [6-55]. Figure 1 shows the flow-
search diagram.

Trials included in our analysis were published between
1991 and 2012 (21% between 1991 and 1999 and 79% be-
tween 2000 and 2012). More than 90% were specifically
conducted to evaluate the effects of nutritional interven-
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Fig. 1. Data search: PRISMA flowchart.

Y Y

Records after duplicates removed
(n = 299)

Y
Potentially relevant
title and abstracts
screened
(n = 107)
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— 2 papers not retrievable
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Full-text articles

assessed for eligibility >
(n = 58)

Full-text articles excluded (n = 8):

— 5 studies on otherwise healthy
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— 2 studies on children aged >5
years and adolescents with
cystic fibrosis

— 1 study with limited sample
size and no statistical evaluation

Y

Studies included in
qualitative synthesis
(n =50)

46 papers on prevention

4 papers on treatment

tions in the prevention or treatment of respiratory tract
infections in children, with 10% including respiratory
end points as secondary outcomes.

Study Populations

The age of enrolled children ranged from 15 days to 15
years.

Fifteen studies (30%) included only infants, 28 (56%)
included children up to 5 years. Others included children
with wider age ranges including infants and older chil-
dren (5 with an age range of 1 month to 15 years) or ages
were not specified [2].

The majority (approx. 70%) of trials were conducted on
healthy subjects. However, several studies evaluated the
efficacy of specific nutrients in children with clinical con-
ditions such as malnutrition, HIV infection or atopy as
well as children who had been hospitalized, which poten-
tially increases susceptibility to infectious diseases. Other
important factors which could modify the risk of infec-
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tious disease were the socioeconomic status and the social
setting. Both may influence nutrient availability, health
assistance, prevention measures and case exposure. There
was a community setting in 68% (34/50) of the trials; the
rest investigated the effects of nutritional intervention in
high-risk settings such as hospitals, daycare centers and
schools. We included trials conducted in different loca-
tions, i.e. Africa: 9 (18%), North America: 5 (8%), South
America: 7 (14%), Asia: 15 (31%) and Europe: 14 (29%).
The sample size was very broad, ranging from 40 to 15,419
and the duration of the intervention ranged from days to
several months (<6 months in 68% of the trials).

Interventions

The nutritional interventions applied in the analyzed
studies were broad and included infant formulas and
yoghurt (enriched with various prebiotics or probiotics
and/or micronutrients) and supplementation with vita-
mins and micronutrients (table 1).
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Table 1. Nutritional interventions administered in included trials

Nutritional intervention, type Duration of intervention Trials, n
Supplemented and modified infant formula
With probiotics 3-12 months 7
With prebiotics 1-12 months 2
With both prebiotics and probiotics 3-12 months 3
Lipids (DHA) 12 months 1
Fermented probiotic dairy drink 3 months 1
Fermented milk product with probiotics a few days to 12 months 3
Supplementation
Micronutrients, e.g. Ca, Zn and Fe a few days to 12 months 11
Vitamins + micronutrients a few days to 12 months 6
Vitamins 15 days to 24 months 12
Lipids, e.g. PUFA, cod liver oil and sesame oil 3 days to 6 months 2
Other nutrients 4-6 months 2

Definitions of URTI, LRTI and Acute Otitis Media

The definitions of respiratory infections were highly
heterogeneous.

A specific segmental definition of URTI or LRTT was
reported in 45/50 (90%) trials. In 5, no definition of re-
spiratory infections was reported. In 15 of the 50 ana-
lyzed trials, the definitions of URTI, LRTT and acute
otitis media (AOM) were based on a specific diagnosis
made by a pediatrician (rhinitis, laryngitis, tracheitis,
pharyngitis, sinusitis, otitis or common cold/influenza).
In 30 trials, the definition of URTI or LRTI was based
on clinical symptoms reported by families or field-
workers (runny nose, cough or sore throat). LRTI in-
cluded pneumonia, bronchitis, wheezing and bronchi-
olitis. A specific diagnosis based on cough, abnormal
respiratory rate according to age, crepitations to chest
auscultation and drawing in of the chest was made in
most cases, and this was supported by radiographic
findings in some.

In some trials, other systemic symptoms and signs
such as fever, headache, restlessness, aphonia, shortness
of breath and acute ear pain were added to the respira-
tory features to further support the diagnosis. Fever was
reported in 22 out of 50 trials reported as a feature associ-
ated with URTT or LRTI, although a specific definition of
fever was provided in 8 papers (36%) only, and the cut-off
temperature values varied with a rectal temperature of
>38°C being the most common definition. The tempera-
tures were usually reported by parents or field-workers,
and the duration of each episode was recorded in days
(rather than in hours).
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The most common, specific definitions are reported in
table 2.

The duration of episodes was considered as a major
outcome of respiratory infection episode in 8 of the tri-
als (3 were on treatment and 5 were on prevention). In
4 trials (50%), an episode started 24 h after the onset of
symptoms, i.e. very brief or transitory episodes were ex-
cluded and in the other papers, at least 2 consecutive
days of symptoms were needed to define a single epi-
sode. Recurrence was another important outcome in 19
trials, and a new episode was defined as coming after a
symptom-free interval of 2, 7 or 14 days in 1, 2 or 4 tri-
als, respectively.

Outcome Measures and Markers

Incidence, prevalence and duration of specific respira-
tory symptoms (e.g. cough with or without fever) were
the main outcomes in trials on prevention. Duration of
symptoms or hospitalization and symptom-free periods
were the main outcomes in the 4 trials on treatment (ta-
ble 3).

Some trials included quantitations of antibiotic pre-
scriptions, absence from daycare or school, or even med-
ical visits as surrogate end points, if no specific definition
was provided (table 4).

Nonspecific markers related to respiratory tract infec-
tions or inflammation were also a topic in some of the
studies. Some reported nonspecific laboratory markers of
inflammation (e.g. C-reactive protein, white blood cell
count, immunoglobulins, interleukins and retinol-bind-
ing protein) as secondary outcomes.
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Table 2. Main definition of respiratory infections and fever considered in the included trials

Outcome definitions

Trials, n

Lower respiratory tract infections

LRTI defined as cough or fever + cough or cough + rapid respiratory rate
LRTT as defined by physician (pneumonia, bronchiolitis, bronchitis or wheezing)

LRTI not specifically defined

LRTI defined as cough and respiratory rate >40/min for >2 consecutive days
LRTI defined by the presence of fever + cough + difficult breathing (for at least 1 day)
LRTI defined as cough for >2 days with or without fever and wheezing and/or crepitations

LRTI defined as respiratory rate >50/min
LRTTI as defined by caregiver/field-worker

Pneumonia defined as respiratory rate >40/min + drawing in of lower chest or fever (TC >37.7°C)
Pneumonia as an association of clinical symptoms and a positive culture

Pneumonia defined as cough and crepitations

Pneumonia defined according to history, clinical examination and chest X-ray
Pneumonia defined as crepitations and respiratory rate >50/min or wheezing or bronchitis and crepitations

e e LT BLY I = = N |

Upper respiratory infections

URTT as defined by physician (rhinitis, tracheitis, pharyngitis, sinusitis, otitis and common cold)
URTI defined as cough lasting >2 days with or without fever, including rhinitis, pharyngitis, common cold, efc.

Influenza-like symptoms defined as fever, rhinorrhea and cough

Rhinitis defined as rhinorrhea, nasal obstruction, nasal itching and sneezing
URTI defined as colored nasal discharge, nasal congestion or cough or sneezing and nasal discharge

e - =]

Fever

Rectal temperature >38°C
Axillary temperature >37°C
Axillary temperature >37.7°C

[ STV

Discussion

This study aimed to systematically review the defini-
tions and outcome measures used in trials assessing the
efficacy of nutrition in the prevention and treatment of
respiratory tract infections in infancy and early child-
hood. The results showed a major heterogeneity, with the
use of a wide array of definitions and clinical end points.

Such variability in defining disease episodes and end
points could be partially related to the important role
played by family members and/or field-workers in re-
porting conditions, particularly in the large field-trials on
prevention. In this specific setting, definitions need to be
broad and easy to measure, with the risk of losing some
sensitivity but mainly specificity.

Different definitions of URTI and LRTI were used
based on the presence and association of specific symp-
toms; however, the duration of these was rarely reported.
Diagnosis of URTT was often based on a single symptom
or on the presence of a cohort of different respiratory
symptoms (runny nose, nasal congestion, laryngitis,
pharyngitis or tracheitis). The association and the dura-
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Table 3. Primary outcomes considered in interventional trials on
nutrition

Primary outcomes! Trials, n
Prevention studies 46
Incidence of respiratory infections

(URTL LRTI and AOM) 34
Prevalence of respiratory symptoms (morbidity) 14
Duration of symptoms 6
Duration of hospitalization 1
Treatment studies 4
Duration of respiratory episodes (in days) 2
Duration of hospitalization (in days) 2
Severity of respiratory symptom (cough) 1

! Some studies included more than one primary outcome.

tion of the symptoms varied between studies. In most cas-
es, the presence of symptoms was recorded by a member
of the family of the sick child (usually the mother), but
in some, the definition was based on the diagnosis made
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Table 4. Surrogate outcomes considered in interventional trials on
nutrition

Surrogate outcomes Trials, n

Recurrence of respiratory infections
Number of antibiofic prescriptions
Days of fever

Absence from daycare or school
Number of medical visits

— = Oy N

by the physician and a specific (segmental) definition of
URTT, rather than specific symptoms, was reported.

Criteria for the diagnosis of AOM were also poorly re-
ported and heterogeneous throughout the studies. Tym-
panic membrane bulging is a key sign to differentiate
AOM from otitis media with effusion [56], and the assess-
ment of membranes through a pneumatic otoscopy is a
prerequisite for the diagnosis. However, this requires a
medical staff well-trained in pneumatic otoscopy [57],
and may represent a barrier to including otitis among the
outcome measures for large-scale studies.

In the case of LRTI, the definition was somehow more
consistent in the few articles that included it, also because
the diagnosis was based on physician consultation and
specific symptoms of LRTI (such as the increase of respi-
ratory rate, crepitations to chest auscultation or drawing
in of the chest) or else on radiographic findings.

Fever was frequently taken as an outcome measure,
being easy to measure and monitor as well as providing
information on the duration and, to some extent, on the
severity of the disease. However, the reliability of body
temperature measurements may vary widely according to
instrument, environment and site of measurement. In ad-
dition, the definitions of fever were scattered with cut-off
values ranging from 37 to 38.5°C.

Overall, most studies focused on prevention, the het-
erogeneity for primary outcomes was limited and the in-
cidence of new URTI or LRTI episodes was the outcome
measure most frequently used, despite the definitions not
always being sufficiently detailed. In the majority of trials,
important information such astime limits of intervention
and observation was not included. Other potentially rel-
evant details were often missing. Reference to the season,
which can be a key risk factor for developing respiratory
infections and usually included in the definition of com-
munity-acquired respiratory infections (e.g. winter sea-
son to define influenza or other respiratory viruses) was
rarely found. Moreover, the wide age ranges of the study
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populations and the different study settings created ma-
jor potential biases which affected the accurate assess-
ment of respiratory infection outcomes. Some relevant
markers specifically related to clinical outcomes, e.g. vac-
cination status with regard to influenza or Streptococcus
pneumoniae, were not provided in the majority of cases
that had been conducted after licensure of these vaccines.

Considering the current scenario and the relevant het-
erogeneity reported, a straightforward definition of out-
come measures seems to be needed in order to ensure a
more reliable and consistent reporting of data.

We hypothesized differentiating outcomes into ‘di-
rect’and ‘indirect’ outcomes. The ‘direct outcomes’ would
be aimed at assessing the efficacy of a selected interven-
tion on respiratory diseases. These outcomes, including
the incidence or the severity of selected infections (e.g.
otitis, URTT and pneumonia), should be measured by
well-trained personnel (physicians) who make a specific
diagnosis.

On the other hand, the ‘indirect outcomes’, e.g. the
number of chest X-rays performed, medical visits and in-
terventions or hospitalizations as well as the loss of work-
days, may provide a reliable estimate of the burden of
respiratory diseases on healthcare. These simple, easy-to-
measure end points may be monitored by field-workers
or even family members (if trained), thereby bypassing
the need for difficult or complex diagnostic criteria or
validated scores.

In conclusion, heterogeneity was revealed in the cur-
rent literature on respiratory infections and problems
arose when we compared the results of studies using het-
erogeneous definitions and end points. These factors
highlight the need for ‘guidelines’ that agree on standard
definitions and outcome measures in order to facilitate
trials in the future that will be effective in assessing respi-
ratory outcomes in childhood.
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A core outcome set for clinical trials in acute

diarrhoea

Jacek Karas,' Shai Ashkenazi, > Alfredo Guarino,* Andrea Lo Vecchio,*
Raanan Shamir,>® Yvan Vandenplas,” Hania Szajewska,' on behalf of the Consensus
Group on Outcome Measures Made in Paediatric Enteral Nutrition Clinical Trials

(COMMENT)

ABSTRACT

Objective Core outcome sets are the baseline for what
should be measured in clinical research and, thus,
should serve as a guide for what should be collected
and reported. The Consensus Group on Outcome
Measures Made in Pediatric Enteral Nutrition Clinical
Trials, established in 2012, agreed that consensus on a
core set of outcomes with agreed-upon definitions that
should be measured and reported in clinical trials was
needed. To achieve this goal, six working groups (WGs)
were setup, induding WG on acute diarrhoea, whose
main goal was to develop a core outcome set for trials
in acute diarrhoea.

Methods The first step identified how published
outcomes related to acute diarrhoea were reported.

The second focused on the methodology for determining
which outcomes to measure in clinical trials. The third
employed a two-phase questionnaire study using the
Delphi technique to define dinically important outcomes
to clinidans and parents.

Results For therapeutic studies, the five most important
outcome measures were diarhoea duration, degree of
dehydration, need for hospitalisation (or duration of
hospitalisation for inpatients), the proportion of patients
recovered by 48 h and adverse effects. The prophylactic
core outcome set induded prevention of diarrhoea,
prevention of dehydration, prevention of hospitalisation
and adverse effects.

Conclusions The outcome sets for therapy and
prevention can be recommended for use in future trials
of patients with gastroenteritis. Their envisioned goal is
to decrease study heterogeneity and to ease the
comparability of studies. WG's next step is to determine
how to measure the outcomes induded in the core set.

BACKGROUND

Differences in outcomes and how outcomes are
defined and measured make it difficult, sometimes
impossible, to synthesise the results of nutritional
trials and apply them in a meaningful way
Non-uniform outcome selection and reporting
leads to a difficulty in synthesising results and
potentially to outcome reporting bias. Additionally,
important outcomes may not be included, resulting
in lower validity of the results. Recognising the
problem, the Consensus Group on Outcome
Measures Made in Pediatric Enteral Nutrition
Clinical Trials (COMMENT) was established in
2012." COMMENT agreed that consensus on a
core set of outcomes, with agreed-upon definitions
on what should be measured and reported in

What is already known on this topic

» Differences in outcome definitions and
measurements make it difficult, sometimes
impossible, to synthesise the results of trials
and apply them in a meaningful way.

» Consensus on a core set of outcomes with
agreed-upon definitions on what should be
measured and reported in clinical trials is
needed.

What this study adds

» Using the Delphi technique, a list of core
outcome sets for clinical trials in acute
diarrhoea from different perspectives was
developed.

» Therapeutic studies core outcome measures:
diarrhoea duration, degree of dehydration,
need for hospitalisation (or duration of
hospitalisation for inpatients), the proportion of
patients recovered by 48 h and adverse effects.

» Prophylactic core outcome set: prevention of
diarrhoea, prevention of dehydration, prevention
of hospitalisation and adverse effects.

nutritional trials, was needed. To achieve this goal,
six. working groups (WGs) were setup, including
WG on acute diarrhoea. The main goal of this WG
is to develop a core outcome set for clinical trials in
acute diarrhoea.

METHODS

In order to achieve the main goal, four steps have
been planned. The first step involved identifying
how outcomes related to acute diarrhoea are
reported. By searching MEDLINE, EMBASE and
the Cochrane Library (search date: February 2009),
we found one systematic review” that identified
138 randomised controlled trials (RCTS) reporting
on =1 primary outcomes related to paediatric acute
diarrhoea/discases. The included trials used 64
unique definitions of diarrhoea, 69 unique defini-
tions of diarrhoea resolution and 46 unique
primary outcomes. Overall, this systematic review
documented substantial heterogeneity in acute
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diarrhoea outcomes. Furthermore, even in what would be con-
sidered methodologically sound clinical trials, definitions of
diarrhoea, primary outcomes and measurement instruments
employed in RCTs of paediatric acute diarrhoea lacked evidence
of validity and focused on indices that may not be important to
participants.

The second step of the project focused on the methodology
for determining which outcomes to measure in clinical trials. A
review of studies that address the process of selecting outcomes
to measure in clinical trials revealed that the best strategy for
selecting outcomes for clinical trials in children is currently not
known.” When deciding on our own methods, WG had the
choice of the Delphi technique, the nominal group technique, a
semistructured discussion or a questionnaire-based survey.” The
Delphi technique was eventually chosen for its merits in com-
parison to the other options. This is a structured method for
reaching consensus in which opinions are sought from indivi-
duals and the collated results are fed back to the group as a
whole to generate further discussion and finally reach an agree-
ment.* The Delphi method’s main advantage is anonymity,
which allows for freedom of expression and also protects from
any individual dominating a discussion, as can happen during a
discussion or face-to-face debate.

The main aim of the third step of the project, which we are
reporting here, was to identify outcomes of highest relevance in
clinical trials on acute diarrhoea from different perspectives
(ie, clinicians/researchers, patients or their families, representa-
tives from industry and regulatory people). Previously, Sinha
et al’ developed a pilot method for identifying outcomes of par-
ticular relevance when evaluating the effects of regular therapies
for chronic childhood asthma from the perspectives of clinicians
involved in the outpatient management of children with asthma,
parents of children younger than 18 years and young people
aged between 13 and 18 years. For this, paediatricians and spe-
cialist nurses, identified through the British Paediatric
Respiratory Society, completed a two-round Delphi survey. It
was recommended that others adopt this approach.

In May 2013, during the London meeting of the European
Society for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN), WG decided to adopt the methodology
of the pilot study developed by Sinha er al’ Thus, we

Clinician Delphi survey

performed a two-step questionnaire study using the Delphi tech-
nique. The process first involved identifying a long list of poten-
tial outcomes (phase 1) and then defining a short list of
clinically important outcomes (phase 2). The study flowchart is
given in figure 1. The ’facilitator’, as he is known in a Delphi
survey, a member of WG, was responsible for collecting and
analysing the results of phase 1.

Prior to the questionnaires being sent out, a predefined
domain/subdomain and outcome classification was created by
WG. It was based on the most common pre-existing outcomes
and results from Johnston ez al* and was analysed and selected
by one of the WG members. It was then discussed and accepted
by WG. It was decided that after the questionnaires were filled
out and analysed, the results could be classified into the categor-
ies or, if needed, new categories could be created. The ’facilita-
tor’ was responsible for this as well, and acceptance and
agreement was sought from WG. The predefined categories are
summarised in online supplementary table A.

Phase 1

Clinical questionnaire

In phase 1, an electronic questionnaire with two open-ended
questions to identify potential outcomes was created for clini-
cians/researchers, industry representatives and members of regu-
latory bodies (see online supplementary figure A). Members of
ESPGHAN and the European Society of Paediatric Infectious
Diseases (ESPID) were invited to participate in the electronic
Delphi survey, along with representatives from industry, regula-
tory people and researchers. The responders were asked to con-
sider which outcomes should be measured in clinical trials
related to acute diarrhoea in both inpatient and outpatient
settings.

Parents’ questionnaire

A questionnaire for parents was also created (see online supple-
mentary figure B). Parents from Belgium, Italy, Israel and Poland
were invited to participate in the first round of the Delphi
survey of parents. The parents selected for the study were those
of children admitted to the hospital due to acute diarrhoea. The
purpose of the study was explained to them, and they were
asked to answer based on their own personal view. Open

Parentsurveys

Phase1: 100 ESPID and ESPGHAN members 31 invited to Phase 1
Open questions invited to Phase 1
to identify
potential
outcomes
70 completed Phase 1 | 31 completed Phase 1
e e o Hevmm ot want o
o e Factlitator take part in Phase 2
Phase Z: 64 invited to Phase 2 | 32 invited to Phase 2
Close questions
to identity the
maost important
outcomes
56 completed Phase 2 | 32 completed Phase 2

Figure 1
Paediatric Infectious Diseases.

Study flowchart. ESPGHAN, European Society for Paediatric Gastroenterology, Hepatology and Nutrition; ESPID, European Society of
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questions were asked in order to identify a long list of outcomes
that could be relevant.

Phase 2

Clinical questionnaire

This step included defining a short list of clinically important
outcomes. Thus, the outcomes listed by at least 10% of partici-
pants in phase 1 were forwarded to phase 2. Questions in the
phase 2 clinical questionnaire were based on the updated
domain/subdomain and outcome classification (see online sup-
plementary table A). In comparison with the predefined classifi-
cation, subdomains such as the need for antibiotics, the need for
other medication (eg, antimotility agents) and the use of intra-
venous rehydration therapy were added. Additionally, some
minor phrasing changes were made and ‘weight change’ was
divided into ‘weight loss’ and ‘weight gain’. Importantly,
although “probiotics’, “functional status” and ’parental cooper-
ation” were mentioned by =10% of responders, WG decided
not to include them as they are not actually "outcomes’ and thus
do not merit inclusion. The reason for not including *functional
status’ was the ambiguity of this term, which could create confu-
sion among responders.

The responders were asked to consider which outcomes
should be measured in clinical trials related to acute diarrhoea
in both inpatient and outpatient settings. Two types of question
were created for this part—one ranking each outcome on a
scale of 0 (unimportant) to 4 (very important) and the other
asking responders to select the five most important outcomes in
their opinion (see online supplementary figure C). The same
group of individuals who had participated in phase 1 and had
also agreed to take part in phase 2 was invited. At no point did
the individuals know the results of phase 1.

Parents’ questionnaire

Outcomes listed by at least 10% of participants were carried
forward to phase 2. In phase 2, just as for clinicians,
closed-ended questions would be emploved to identify the most
important outcomes (see online supplementary figure D).
Questions were divided into two kinds: ranking each aspect of
treatment from 0 to 4 and choosing the five most important
aspects of treatment. This would be done for both comforting
and worrying aspects of treatment. The parents were not aware
of the clinician’s responses to phase 1, nor were clinicians aware
of the parent’s responses.

RESULTS

Phase 1

Clinical questionnaire results

The questionnaire was initially sent to all ESPGHAN and ESPID
members, which amounted to around 700 people, resulting in
an extremely poor response rate (see online supplementary
table B). As a result, a more targeted email was sent out to
around 100 people, who included ESPGHAN and ESPID
members, researchers, members of regulatory bodies and indus-
try representatives. In the end 70 responses were received, with
64 responders agreeing to take part in phase 2. Though this
response rate may be viewed as low, it is similar to the 16%
response rate to the clinician’s questionnaire in the Sinha er al’
study. Of the 70 responders, 46 identified themselves as clini-
cians, 16 as clinicians/researchers, 4 as researchers, 1 as a regula-
tory body member/clinician and 3 as members of industry. After
receiving responses from 70 responders, we analysed and col-
lated them. Some answers were very clear and straightforward
(eg, diarrhoea duration) while others were unclear and even

ambiguous (eg, diet) and it was up to us to either classify the
answers into the predefined categories or create new categories.
Often, we felt it was appropriate to combine responses into one
outcome as well. After collecting and allocating all responses
from phase 1 of the clinical questionnaire, the predefined
domain/subdomain and outcome classification proved accurate
and only a few outcomes needed to be added (see online supple-
mentary table A).

Parents’ questionnaire results

Once we received responses from each of the five participating
countries, we collated the results and attempted to find those
that were most prevalent. A summary of all the results is pre-
sented in online supplementary table C.

Phase 2

Clinical questionnaire results

A total of 64 responders took part in phase 2 from among
ESPGHAN members, ESPID members, researchers, regulatory
body members and industry representatives (see online
supplementary table D). In the outpatient setting, the need for
hospitalisation, diarrhoea duration and dehydration were clearly
considered to be the most important outcomes of treatment. In
the inpatient setting, on the other hand, hospitalisation dur-
ation, diarrhoea duration, dehydration and the use of intraven-
ous rehydration therapy were seen as the most crucial.

Parents’ questionnaire results

A total of 32 parents from Belgium, Israel, Italy and Poland
were asked to take part in phase 2 (see online supplementary
table E). It was found that the most comforting aspects of treat-
ment included the child behaving normally, seeming healthy and
being willing to eat and drink, diarrhoea improving and the
physician seeing the child and being helpful and informative.
The most worrisome aspects of treatment included bloody diar-
rhoea, fever and the child’s worsening condition.

DISCUSSION

Main findings

This study aimed to identify outcomes of highest relevance in
clinical trials on acute diarrhoea from different perspectives.
The first group of responders was represented mainly by clini-
cians/researchers, but also by the representatives from industry
and regulatory people. WG took into account the results of the
questionnaires and after a thorough discussion decided on three
core outcome sets: two therapeutic core outcome sets for
inpatient and outpatient scenarios and a prophylactic core
outcome set.

The recommended therapeutic core outcome measures for
outpatients include diarrhoea duration, degree of dehydration,
need for hospitalisation, proportion of patients recovered by
48 h and adverse effects associated with therapy. The recom-
mended therapeutic core outcome set for inpatients includes
diarrhoea duration, degree of dehydration, duration of hospital-
isation, proportion of patients recovered by 48 h and adverse
effects associated with therapy.

The recommended prophylactic core outcome set includes
prevention of diarrhoea, prevention of dehydration, prevention
of hospitalisation and adverse effects associated with therapy.

WG also discussed that it would be valuable for the core
outcome set to include social/life impact outcomes (eg, days of
work or kindergarten missed) and economic impact outcomes.
However, due to the difficulty in measuring such outcomes, it
was decided to delay the introduction of social/life impact
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outcomes until further evaluation of these outcomes becomes
available. In the meanwhile, these impact outcomes may also be
recommended to researchers as a possible additional outcome in
nutritional trials.

In contrast to the clinician’s questionnaire, parents had a very
different approach. They felt that the child’s health status,
including their appearance and behaviour, were of importance.
Additionally, the worsening of symptoms and additional worry-
ing symptoms such as bloody diarrhoea or fever were of import-
ance as well. On top of this, staff behaviour was of great
importance. The attention, care and approach to the patient by
the medical staff (doctors and nurses) were seen as factors that
could make the parents very comfortable or very worried, when
lacking. It is the opinion of this WG that these results can serve
as a best practice guideline to keep in mind when dealing with
patients and their families in order to alleviate stress and
increase doctor—patient/family cooperation.

Comparison with other studies

Core outcome sets have been implemented in other fields, most
notably in rheumatology with Outcome Measures in
Rheumatology. This collaboration has designed core outcome
sets by reaching consensus among clinicians and researchers on
which outcomes merit measuring” and also asking patients
which outcomes they feel are most important.” Core Outcome
Measures in Effectiveness Trials (COMET),” on the other hand,
has brought together researchers interested in developing core
outcomes and has collected over 120 published or ongoing
studies related to core outcomes, which can be found in the
COMET repository (http:/www.comet-initiative.org). Although
many core outcome sets have been published, there have been
none on acute diarrhoea until now.

Study limitations

Our study has some limitations. The Delphi technique in itself
is flawed and allows for bias by the collector.” However, it is
also probably the best method to collect and define such a core
outcome set and has been used so in the past.

Low response rate is another potential limitation of our study.
Among clinicians, very few initially answered the invitation to
phase 1. Those who finally did were asked more directly. This
potentially could have resulted in bias.

While we did question parents and clinicians for our study,
we did not include children. The reason for this is that diar-
rhoea in children under the age of 5 is a much more worrying
condition than in those over 5. As a result, it was this group we
focused on. Additionally, it would be very difficult, if not impos-
sible, to gather information on what the <3-year-old patient felt
about his treatment, its effects and the outcomes of his
treatment.

Moreover, there is always a problem with questionnaires
when it comes to comprehension. There is no certainty that
those parents who completed the questionnaires in English fully
understood what was being asked of them. On top of that,
those who answered the translated questionnaires may have
been answering questions that were slightly differently translated
and thus biased the results. We tried our best to avoid this
however.

Finally, a point of concern during preparation for the phase 2
questionnaire was the fact that responses in phase 1 were open
to interpretation. They were often unclear, ambiguous or
incomprehensible. As a result, they had to be allocated into
groups or new groups needed to be created. It cannot be

forgotten that this is an area of the study open to bias, mistakes
and misinterpretations.

Conclusions and further research

Developing a core outcome set for use in clinical trials is an
urgent task. COMMENT' and other similar initiatives bring
together parties interested in developing standardised sets of
outcomes. So far, the COMMENT WG on acute diarrhoea has
completed three out of four steps of the project. These included
identifying how outcomes related to acute diarrhoea are
reported, deciding on the methodology for determining which
outcomes to measure in clinical trials and developing a core
outcome set for clinical trials performed in subjects with acute
diarrhoea. The latter step is being reported in the current paper.
To complete the project, WG needs to determine how to
measure the outcomes included in the core set. The method-
ology for this is still under discussion, and this will be the final
part of our WG’s task. It would additionally be very useful to
ascertain the impact of this core outcome set creation and
monitor its implementation in future trials. However, this shall
be possible after the completion of step 4 and publishing of the
final and complete core outcome set with the core outcome
measure set. Of note, the outcome sets are the baseline for what
should be measured and reported in clinical research. As clearly
stated by COMET,"” the outcomes in trials do not need to be
restricted to the outcomes in the core set. Instead, the core set
should serve as a guide for what should be collected and
reported. Thus, core sets make it easier for the results of differ-
ent trials to be compared, contrasted and combined as is found
necessary and useful.
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CHAPTER 4.
ADHERENCE TO EUROPEAN GUIDELINES FOR ACUTE GASTROENTERITIS

4.1 Rationale and adherence to guidelines for acute gastroenteritis

Acute gastroenteritis (AGE) still is a major cause of medical visit and hospitalization in developed
countries being responsible for about 1.5 million outpatient visits and 220.000 hospitalizations per
year in USA, before introduction of Rotavirus vaccination [1]. In European children, the estimated
annual incidence of AGE ranges from 4% in Sweden to 17% in Germany [2]. In Italy, where the
annual incidence of AGE ranges between 4.5% and 19,6% according to age [2,3], the rate of
hospital admission for AGE is about 0.8% in pediatric population [3].

In addition to its high incidence, the burden of AGE seems to be related to inappropriate
management that results in an excess of hospitalizations, changes in diet and misuse of anti-
diarrheal drugs. AGE is a self-limiting, usually mild disease, whose management is in most cases
simple and based on consistent and straightforward recommendations. According to most recent
available guidelines [4-6] its management basically consists in the replacement of fluids lost
through diarrheic stools, vomiting and fever. Anti-diarrheal drugs, changes in diet or laboratory
investigations are not routinely needed. In addition to treatment recommendations, selected
guidelines also report indications to hospital admission for AGE. However, those
recommendations are usually based on experts opinion.

A good compliance to guidelines recommendations for AGE may improve child clinical outcomes,
specifically duration of diarrhea and weight gain [7] and reduce its economic burden [8].

However, a low adherence to guidelines recommendations for AGE has been reported both in
developed [8,9] and developing countries [10]. Adherence to standard of care for AGE in United
States is far from optimal, ranging from 37% in outpatients setting [9] to 69% in hospitalized
children [8]. In Italy only 3% of primary-care pediatricians is fully compliant to the evidence-based
recommendations, but compliance increases to 65% after a start course on guidelines for AGE [7].
Up to 30% of inappropriate hospital admissions has been reported for other common acute
illnesses in children (such as Influenza—like illness) [11], but, to date, no specific data are available

on AGE in childhood in Europe.
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It should be noted that the National Health Care System in Italy is based on Family Pediatricians,
who are in charge of the health of all children. There is no fee for a medical visit in primary care,

similarly there is no fee for hospital admission for children.

The aim of this study was to estimate the rate of inappropriate hospital admissions for AGE in
children <5 years and to assess physician’s compliance with guidelines recommendations for the

management of children admitted for AGE.

4.2 Methodology

We carried out a prospective multicenter observational study in collaboration with the
Accreditation and Quality Improvement Working Group of the Italian Society of Pediatrics. This
national working group involves 126 hospitals admitting children and is aimed at improving the
quality of health care delivered to children by the implementation of evidence-based and
standardized practice.

All centers involved in this Pediatric Network received an invitation to take part to this prospective
study and the instructions for patient enrolment; hospitals that agreed to participate were invited
to register at least 5 cases <5 years from November 1st 2011 to June 30th 2012. AGE was defined
according to EPSGHAN/ESPID guidelines as a decrease in the consistency of stools (loose or liquid)
and/or an increase in the frequency of evacuations (typically >3 in 24 hours), with or without fever
or vomiting [5].

Data were recorded by one operator for each hospital at child discharge and loaded into electronic
Case Report Form (CRF) available on the pediatric network website
(http://networkpediatrico.sip.it/). The CRF included 45 multiple-choice questions grouped in 5
domains (personal and family data, clinical features, home management, reasons for admission
and hospital management) (Table 4.1). In addition, the presence of underlying chronic conditions
and/or concomitant acute illnesses were recorded in the CRF in order to provide a correct

interpretation of outcomes according to patients risk factors.

Table 4.1. Data reported in the CRF according to each field

Fields and contents of the online questionnaire

Personal and family data

General characteristic had to be acquired by the pediatrician, comprehending both personal data of the
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patients (Gender, Birth Date) and family information (Father and Mother’s Job, Country of origin of parents)

Home management

Pediatricians were asked to give information on children’s history, especially about diet (free, breast milk,
milk-formula, mixed feeding) and the presence of any chronic diseases or concomitant acute illnesses. They
were also asked if oral rehydration therapy on patients was already attempted by parents, and if any anti-
diarrheal drugs or antibiotics was taken.

Reasons for admission

Every single registered case had to be justified by the pediatrician pointing out the main reasons for
admission. They could choose more than one between: severe clinical conditions (to be specified in the
following field), inability of the parents to manage the child according to physician’s opinion and explicit
request by family.

Clinical features

Children clinical condition at admission was reported. Pediatricians had to specify child weight and the
number of diarrheal (1-3;3-5;5-7;>7) and vomiting (1-3; 3-5;>5) episodes per day, characteristics of stools
(semi-liquid, watery, soft, bloody), presence of abdominal pain. The grade of dehydration was assessed
based on physician’s opinion: state of consciousness (eg. normal, irritable, lethargic), thirst (normal,
increased), diuresis (normal, decreased), degree of dehydration in relation with body weight (<5%, 5-9%,
>10%), capillary refill time (<2 seconds, 2-3 seconds, >3 seconds), respiratory rate according to age (normal,
increased) and skin turgor (immediate retraction, 1-2 seconds, >2 seconds).

Hospital management

Pediatricians were asked to report whether children underwent lab (CBC, CRP, electrolytes, acid-basic
equilibrium) and/or microbiological investigations (stool cultures and fecal antigens research); if performed
physicians should report the value for some of them (Hb, WBC, CRP, Na+ and HCO3-). Type of rehydration
and pharmacological treatment were also recorded. In particular, the rehydration regime (exclusive oral
rehydration, IV rehydration <24h or >24h), drug prescriptions (antibiotics, acetorphan/racecadotril,
smectite, probiotics, antiemetics) were recorded. Withdrawal of food and any changes in diet or breast-
feeding were also to be indicated. Finally, weight at discharge was reported in order to calculate variations
and better assess the effect of rehydration therapy and gain of weight.

Outcomes

Primary outcomes were:

1. Appropriateness of hospital admission, based on physicians’ adherence to guidelines criteria
for hospitalization

2. Compliance to guidelines for clinical practice in hospitalized children, assessed on physicians’
ability of assessing dehydration, requiring appropriate diagnostic tests and prescribing
recommended treatments.

In addition, the number and type of most common violations to guidelines recommendations were
considered as secondary outcomes. Outcomes were also analyzed according to geographical area,

hospital setting and baseline characteristic or treatment, and risk for prolonged hospitalization.
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Assessment of adherence to guidelines recommendations

The ESPGHAN/ESPID guidelines [5] were taken as the standard to assess physicians’ compliance to
evidence-based recommendations. However, we previously reported that the level of guidelines
for AGE is consistently high and the specific recommendations are substantially similar [12].
Adherence to guidelines was assessed with reference to the criteria used by physicians to admit a
child with AGE (indications to hospital admission), and prescription and procedures applied during

child hospital stay (clinical practice compliance).

Indications to hospital admission

The following conditions are reported by ESPGHAN/ESPID guidelines as recommendations for
hospital admission [5]:

- Shock

- Severe dehydration (>9% of body weight)

- Neurological abnormalities

- 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
The presence of at least one of these conditions was considered as an appropriate indication to
admit a child with AGE. Severe clinical conditions, such as shock, suspected surgical conditions and
bilious vomiting were always considered appropriate. The other conditions needed to be
specifically reported and described by the physician in the CRF to be assessed for appropriateness.
The severity of dehydration was evaluated according to objective clinical signs (capillary refill time,
skin turgor etc) and change in child weight. Therefore, estimates reported by physicians and based
on child appearance (mildly, moderately, severely dehydrated) were considered unreliable. More
specifically, if objective clinical parameters of dehydration did not reflect the grade of dehydration
reported by the physician at admission, the hospitalization was defined as “not appropriate” in
absence of further indications. Persistent vomiting that leads to oral rehydration failure defines an
intractable vomiting episode. Neurological abnormalities, unconsciousness, lethargy and/or
seizures are reported by guidelines as specific indications for admission, but isolated crying or
irritability not related to clinical signs of dehydration were not considered as adequate criteria of

admission.

91



Logistical concern and inadequacy of family to manage the child at home were considered
appropriate criteria only if described in details by physician (eg. distance from the hospital, family
not appropriate to manage the child at home).

In addition to these criteria, the explicit request of hospitalization by the family was also
considered as a good reason for hospitalization, if supported by physician concern and if details

were provided.

Compliance with clinical practice guidelines

Once the child was admitted to the hospital, clinical practice compliance to evidence-based
recommendations was evaluated based on physicians’ ability to assess dehydration, the need of
laboratory investigations and the appropriateness of rehydration regime, nutritional interventions
and drug prescriptions.

In details, the following domains were considered for compliance:

1. Evaluation of the main signs/symptoms to assess dehydration (Does the physician report the
capillary refill time, skin turgor, respiratory pattern...?)

2. Concordance between the objective assessment of dehydration and physician estimate (Is
physician able to adequately assess the reported signs?)

Nutritional interventions (eg. withdrawal, changes in diet or feeding)

Prescription of blood tests (other than electrolytes)

Rehydration route (oral, nasogastric or intravenous)

Prescription of stool culture or faecal microbiology

Prescription of probiotics (indications and strains)

Prescription of antiemetics (indications and drugs)

L 0 N o U kW

Prescription of antibiotics (indications and drugs)

10. Prescription of anti-diarrheal drugs

The overall compliance was calculated based on the presence of minor and major violations to
each of the domains reported above.

A major violation was defined as:

- a medical behavior inconsistent with guidelines recommendations that might negatively affect
the course of the disease and/or might be associated with unnecessary costs or inappropriate

interventions or any violation to “high grade” recommendations in referral guidelines (strength of
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evidence | and Il according to Muir-Gray). An example of major violation was the prescription of
not recommended drug or prescription of hydrolyzed formula.

A minor violations was defined as:

- a violations that did not substantially change the outcome but was generally considered
inappropriate or any violation to “low grade” recommendations in referral guidelines (strength of
evidence Ill, IV and V according to Muir-Gray). An example of minor violation was the prescription
of a probiotic strains whose evidence are not conclusive (eg. Lactobacillus reuteri) or introduction

of an elimination diets (eg. BRAT)

In our model, any major violation reduces the overall compliance of 10% and any minor violation
of the 5%; the final score in percentage was calculated by the sum of results reported for each
domain (with an ideal maximum of 100%).

We considered full compliance for scores >90% and partial compliance for scores >80%.

A more detailed definition of major and minor violations is reported in the Table 4.2. Some cases

with peculiar clinical conditions were jointly assessed by all authors.

Table 4. 2. Definition of major and minor violations according to each domain

DOMAIN MAIJOR VIOLATION MINOR VIOLATION
Assessment of dehydration Physician does not report any of Physician reports less than 50%
the signs/symptoms of of reliable signs/symptoms of
dehydration: capillary refill time, | dehydration
skin turgor, thirst, respiratory (capillary refill should be
pattern, urinary output, child reported)
general appearance
Physician’s estimate of Physician’s estimate of
dehydration dehydration at child admission
/ does not reflect the grade of

dehydration based on more
reliable signs/symptoms

Nutritional interventions Withdrawal > 6 hours Any elimination diet (eg. BRAT
Stop breast feeding diet)

Lactose-free formula

- Cow-milk protein free formula

Sport drinks

Blood tests Do not require electrolytes Prescription of blood tests other
evaluation in children undergoing | than electrolytes and CBC, CRP
blood tests in otherwise healthy children

Adequacy of rehydration | Exclusive oral rehydration in

regime hospitalized children /

Stool  culture and fecal Stool culture in otherwise

microbiology / healthy children without risk

factors or overt bloody diarrhea

93



Probiotics

Probiotics prescribed but strain
or product not reported

-Any probiotic strains different
from those recommended by
guidelines (LGG and S.boulardii)
or

-Probiotics for which evidence
of efficacy are not conclusive

Antiemetics Antiemetic drugs specifically Antiemetic drugs prescribed in
contraindicated or not absence of intractable or
considered as appropriate persistent vomiting or when
treatment in guidelines (eg. oral rehydration failure was not
Metoclopramide, Domperidone) reported

Antibiotics Any antibiotic prescribed without | Treatment of Campylobacter >

a positive culture or a declared
risk factor

48-72 hours after the onset of
disease

Treatment of non-typhi
Salmonella in healthy children

Anti-diarrheal drugs All drugs other than those
considered as appropriate /
treatment in guidelines (Smectite,

Zinc, Racecadotril/Acetorphan)

Statistical analysis

The SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA) and R (version 2.5.0; The R
Foundation for Statistical Computing) were used for statistical analysis. Analyses included only
available data and missing values were not imputed. Data were summarized as means + standard
deviation (95% Cl on the mean) for continuous variables and as frequencies (%) for categorical
variables. Concordance between subjective (as reported by physicians based on child appearance)
and objective (as evaluated by clinical signs, i.e. capillary refill time, skin turgor etc) assessment of
the severity of dehydration was based on the unweighted and quadratic weighted Cohen’s kappa
statistics.

Univariate and multivariate logistic regression analysis was applied to identify the main factors
associated with the following outcomes of interest: inappropriateness of hospital admission, non-
compliance with management guidelines, inappropriate medical interventions (prescription of
antibiotics, chance in diet, microbiological investigation request) and prolonged hospital stay.

For each outcome a different set of potential predictors was chosen based on previous literature
and on their known relationship with the outcome. Then, those factors showing a bivariate
association with the dependent variable at a p<0.2 were fitted in block in a multivariate logistic
regression model. All models were age adjusted regardless of the p value. Associations were

expressed as unadjusted and adjusted Odds Ratio with 95% Confidence Intervals (Cl).
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All significance tests were two-sided with the significance level set at 0.05.

4.3. Results of the national multicenter observational study

Six hundred and twelve children (328 male, mean age 22.8+15.4 months) hospitalized for acute
gastroenteritis were enrolled in 31 hospitals. The general characteristics of children and their
home management prior to reach the ED are reported in Table 4.3.

Enrolling hospitals were divided in small (15 hospitals) and large (16 hospitals) health-care
structures according to the number of available beds for children (less or more than 15) and
number of hospitalizations per year (less or more than 1000/year). Most patients were enrolled in
non-teaching (433/612) and large hospitals (377/612) (Table 4.3).

Five hundred eighteen children (85%) were hospitalized after a spontaneous access to the
emergency department, and only a minority of them was referred to emergency by primary care
pediatricians (7%), other hospitals (6%) or domiciliary emergency medical service (2%) before

arriving at hospital.

Table 4.3. General characteristics of 612 children hospitalized for acute gastroenteritis

General characteristics and home management

M/F 328/284
Mean age(months) £SD (95%Cl) 22.8415.4 (21.5-24.0)
Oral rehydration (n/612 and %)

- Yes 290 (47%)
- No 85 (14%)
- Not reported by family 237 (39%)
Diet (n/612and %)

- Breast fed children 25 (4%)
- Formula fed children 69 (11%)
- Mixed breast feeding children 20 (3%)
- Weaned children 498 (81%)
Antidiarrheal drugs prescription (n/612 and %)

- Yes 76(13%)
- No 503 (82%)
- Not reported by family 33 (5%)
First medical assessment (n/612 and %)

- Emergency department 518 (85%)
- Primary care paediatrician 43 (7%)
- Other hospital 36 (6%)
- Emergency medical services 13 (2%)
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Hospital characteristics

Mean length of stay (days) + SD (95% Cl) 4.3+2.0 (4.2-4.5)
Regime of hospitalization (n/612 and % of children)

- Hospitalization 555 (91%)
- Emergency department/brief observation 57 (9%)
Type of hospital(n/612 and % of children)

- Non-Teaching hospital 433 (71%)
- Teaching hospital 179 (29%)
Dimension of hospital (n/612 and % of children)

- Large (n=16) 377 (62%)
- Small (n=15) 235 (38%)

Clinical conditions and assessment of dehydration

Eighty-eight per cent of children presented with watery (311, 52%) or semi-liquid (212, 36%) stool
pattern and 7% reported bloody diarrhea. Vomiting was reported in 79% of patients. About a
quarter of children (23%) had another illness together with AGE: 93/612 (15%) were admitted with
a concomitant acute illness (in most cases an upper respiratory infection) and other 49/612 (8%)

children had an underlying chronic condition (Table 4.4).

Table 4.4. Clinical conditions at admission to the hospital

Clinical features
Episodes of diarrhoea (n/612 and %)
- 1-3/day 218 (36%)
- 3-5/day 205 (33%)
- 5-7/day 99 (16%)
- >7/day 90 (15%)
Stool pattern (n/593 and %)
- Watery 311 (52%)
- Semi-liquid 212 (36%)
- Soft 58 (10%)
- Solid 12 (2%)
Bloody diarrhoea (n/593 and %) 41 (7%)
Episodes of vomiting (n/612 and %)
- No vomiting 129 (21%)
- 1-3 /day 232 (38%)
- 3-5/day 133 (22%)
- >5/day 118 (19%)
Abdominal pain (n/612 and %) 247 (40%)
Underlying chronic conditions (n/612 and %) 49 (8%)
Concomitant acute illnesses (n/612 and %) 93 (15%)
Dehydration parameters
Capillary refill time. n/612 (%)
- <2sec 443 (72%)
- 2-3sec 96 (16%)
- >3sec 8 (1%)
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- Not reported 65 (11%)
Consciousness. n/612 (%)

- Normal 444 (73%)

- Restless, irritable 75 (12%)

- Lethargic-unconscious 85 (14%)

- Not reported 8 (1%)
Skin turgor n/612 (%)

- Immediate skin retraction 373 (61%)

- Slow retraction (1-2sec) 149 (24%)

- Very slow retraction (>2sec) 16 (3%)

- Not reported 74 (12%)
Thirst n/612 (%)

- Normal 190 (31%)

- Increased 366 (60%)

- Not reported 56 (9%)
Urinary output (n/N and %)

- Normal 397 (65%)

- Reduced 163 (27%)

- Absent 2 (0.3%)

- Not reported 50 (8%)
Respiratory rate according to age (n/N and %)

- Normal 552 (90%)

- Increased 19 (3%)

- Not reported 41 (7%)

Four hundred sixteen patients at admission (68%) were labeled by physician as mildly dehydrated,
165 (27%) showed a moderate dehydration and only 10 (1.6%) as having a severe dehydration or
shock (Table 3). However, the objective grade of dehydration evaluated according to the six most
reliable clinical signs (Table 4.4), was significantly different from the degree of dehydration
estimated by physicians, being 75%, 15% and 1% of children mild, moderate or severely
dehydrated, respectively (Table 4.5). The overall concordance between dehydration grade
estimated by physicians and the objective assessment was fair and the chance corrected
agreement, measured by both un-weighted and weighted kappa, was: 0.30 95%Cl (0.39-0.48) and
0.37 95% Cl (0.46-0.56), respectively (Table 4.5).

The majority of children (453/612, 74%) underwent IV rehydration. Of those 180 (40%) received IV
fluids for less than 24 hours and 273 (60%) for a longer period. Surprisingly a quarter of admitted
children (159/612, 25%) received only oral rehydrated during their stay. No child received
rehydration through nasogastric tube.

The mean weight gain during hospitalization was only of 60.4 grams (95%Cl 22.4-98.5). Only 31

(7%) children gained more than 5% of their body weight compared to that recorded at admission.
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Table 4.5. Assessment of dehydration of 612 children admitted for AGE

As estimated by  According to clinical
Grade of dehydration physician dehydration signs Concordance
n (%) n (%)
Observe
Weight
Mild (< 5%) 416 (68%) 457 (75%) d eighted k
(95%Cl)
(%)
-Qo, [¢) [}
Moderate (5-9%) 165 (27%) 93 (15%) 78 0.37
Severe (> 10%) 10(1.6%) 5 (1%) (0.46-0.56)
Not reported/assessable 21 (3.4%) 57 (9%)
Change in weight during hospitalization Mean+SD (95% CI) p*
Weight at admission (g) 11.077+3.815 (10.723-11.431) 0.002
Weight at discharge (g) 11.138+3.800 (10.785 —11490) '
Mean weight gain(g) 60.4+411 (22.4 —98.5) -
Children who acquired > 5% of weight (n/%) 31/449 (7%) -

Concordance was calculated with weighted and unweighted Cohen’s K statistic.

*Significance test is referred to comparison between the weight at admission and discharge

Appropriateness of hospital admission

The main reasons for hospital admission were: severe clinical conditions in 438 (73%) children,
explicit family request of hospitalization in 98 (16%), and logistical concerns or poor caregivers
reliability in 66 (11%) children. Reason for hospital admission was not reported for 10/612
patients.

The majority of hospital admissions (346/602, 57.5%) were inappropriate (Figure 4.1).

OR



400

57.5%
350
300 O Appropriate
42.5% .
. 57% B Not Appropriate
c 250
L
3
S 200 43%
.
(o)
=z
150
98%
100
100%
50
2%
0
Overall Severe clinical Explicit Logistical concern
admissions conditions family request & poor reliability of family

Specific reasons for admissions

Figure 4.1. Appropriate and inappropriate hospital admissions among 612 children with AGE.

Only 188 out of the 438 children who were admitted for severe clinical conditions, as reported by
physicians, actually had an indication to hospital admission based on the criteria in guidelines. We
considered as appropriate, those cases (66/602) in which physicians declared to admit a child even
if his/her clinical conditions did not require hospitalization, but the caregivers could not provide
adequate care at home or there were social or logistical concerns that might pose a risk for child
health conditions (eg. long distance from the hospital together with mild clinical feature).

Appropriateness of hospital admission was fond to be limited to setting and healthcare
organization factors (Table 4.6). Appropriateness was greater in small (OR=1.40; 95%Cl 1.01-1.95)
and teaching hospital (OR=0.68; 95%Cl 0.47-1.00). Children arriving at the hospital between 8.00
and 20.00 and/or during the working days run a higher risk of inappropriate admission when
compared to those accessing in the weekend (OR=0.6; 95%Cl 0.4-0.8) or at night (OR=0.4; 95%CI
0.3-0.7). Those specific risk factors were confirmed both in univariate and multivariate analysis

(Table 4. 6).

Compliance with management recommendations during hospital stay.
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Once admitted to the hospital, 2/3 of patients were managed in accordance to evidence-based

recommendations, with a mean compliance of 87,63% of medical interventions. More specifically,

21% (126/612) and 45% (274/612) of children were managed in full and partial compliance with

guidelines recommendations, respectively (Figure 2).

Table 6. Determinants of inappropriate hospital admissions and compliance to guidelines

Univariate Analysis

Multivariate Analysis

OR (95%Cl) p OR (95%Cl) p

INAPPROPRIATENESS OF HOSPITAL ADMISSION
DETERMINANTS
Hospital dimension (Large vs Small) 1.40(1.01-1.95) 0.042 | 1.59(1.04-2.44) 0.033
Type of hospital (Teaching vs Non teaching) 0.68 (0.47-1.00) 0.052 | 0.60(0.36-1.01) 0.057
Time of admission (20-8 vs 8-20) 0.46 (0.29-0.73) 0.001 | 0.57(0.34-0.93) 0.027
Admission day (Saturday/Sunday vs Monday/Friday)| 0.6 (0.41-0.87) 0.007 | 0.55(0.36-0.85) 0.008
Child age 1.00 (0.99-1.01) 0.288 1(0.99-1.01) 0.985
First medical assessment 0.555

- Primary care paediatrician 1 s s

- Other hospital 1.85 (0.74-4.58) 0.182 5 §

- Emergency department 1.47 (0.79-2.75) 0.22 s s

- Emergency medical service 1.67 (0.47-5.95) 0.424 5 §
NON-COMPLIANCE WITH MANAGEMENT GUIDELINES DURING HOSPITAL STAY
CHILD RELATED FACTORS
Age 1.00(0.99-1.01) 0.898 | 0.99(0.98-1.01) 0.641
Underlying chronic conditions (Yes vs. No) 0.83(0.44-1.56) 0.570 § §
Concomitant acute illnesses (Yes vs. No) 1.32 (0.84-2.08) 0.228 § §

HEALTH CARE RELATED FACTORS

Hospital dimension (Large vs Small) 0.95(0.68-1.35) 0.811 § §
Type of Hospital (Teaching vs Non teaching) 0.69 (0.47-1.00) 0.052 | 0.59(0.39-0.88) 0.009
Reasons for admission <0.001 <0.001

- Severe clinical conditions 1 1

- Explicit family request 0.47 (0.28-0.79) 0.004 | 0.20(0.11-0.38) <0.001

- Logistical concerns or poor caregivers reliability| 0.31 (0.15-0.60) 0.001 | 0.25(0.11-0.54) <0.001
Appropriateness of hospital admission (No vs. Yes) | 1.29 (0.92-1.81) 0.142 | 1.55(1.00-2.39) 0.047
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Figure 4.2. Compliance to guidelines recommendations among children hospitalized for AGE
Note: Compliance was calculated according to the presence of major and/or minor violations

committed by physicians during the hospital stay
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Note: Compliance was calculated according to the presence of major and/or minor violations

committed by physicians during the hospital stay

Most common violations to guidelines are reported on a Pareto Chart in Figure 3. Inappropriate
microbiological investigations (404; 35,8%) and nutritional interventions (310, 27,6%) were the
two major violations. Anti-diarrheal drugs not included in the guidelines was the third most
common violation (271, 24%), with 161 prescriptions of not-indicated probiotics (14,2%), 103 of
antibiotics (9,2%) and 7 of other anti-diarrheal drugs (0,6%) (Figure 4.3).

Figure 4.3. Major violations to guidelines in children hospitalized for AGE.
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Violations to CPGs in children admitted for AGE

[99,4%] [100,0%]
100% - m .

90%

80% -

70% -

60% -

50% A
CIndividual Quantities & Percentages
40% -

—+—Cumulative Percentages

Frequency of any violation

30% - 404
310
20% -
10% - 161
125
103 17 7

0% T T T T T I

Microbiological Changesindiet Probiotics* Type of Antibiotics* Antiemetics Other drugs*

investigations  / Withdrawal rehydration

Violations to CPGs

Note: Pareto Chart reporting the number of violation on columns and the cumulative percentage

on the line

Children hospitalized in teaching hospitals were more appropriately managed than those in
general hospitals (OR=0.59; 95%Cl 0.39-0.88). Children who were admitted because of poor family
reliability (OR=0.31; 95%Cl 0.15-0.60) or based on an explicit family request (OR=0.47;95%CI 0.28 —
0.79), had a significantly lower risk of being managed inappropriately (p=0.001 and p=0.004,
respectively) (Table 4).

Major determinants for the most common violations are reported in Table 4.7.

The presence of more than 5 diarrheal stools was the only feature linked with the request of
microbiological investigations (OR=1.66, 95%Cl 1.06-2.61). Antibiotics were prescribed more likely
in children with bloody diarrhea (OR=3.34, 95%Cl 1.51-7.39), in those who showed high value of
inflammatory markers (OR=5.9; 95%Cl 3.19-10.9), or in those children with concomitant acute
illness (OR=3.05;95%Cl 1.59-5.83).

The use of antiemetics was higher in children managed in a short observation regimen (7/57) than

in those admitted to routine hospitalization (11/555) (11% vs 2% p=0.0006).
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Table 4.7. Determinants of violations and inappropriate medical interventions

PROLONGED
ANTIBIOTICS CHANGE IN DIET STOOL COLTURE HOSPITALIZATON
A.O.R. [95% C.I.] p A.O.R. [95% C.I.] p A.O.R. [95% C.1.] p A.O.R. [95% C.1.] P

Age (months) 1.01[0.99-1.03] 0.274 | 1.02[1.01-1.04] 0.002 | 0.99[0.98-1.01] 0.286 0.99 [0.98-1] 0.186
N episodes of
diarrhoea/day § -

0-3 episodes § 1 1 -

3-5 episodes § 1.34[0.86-2.08] 0.191 | 1.47[0.94-2.28] 0.088 -

> 5 episodes § 1.48[0.96-2.30] 0.076 | 1.66[1.06-2.61] 0.028 -
N episodes of § -

No episodes § 1 - -

1-3 episodes § 0.44[0.27 - 0.74] 0.002 - -

3-5 episodes § 0.83[0.47-1.45] 0.511 - -

> 5 episodes § 0.78 [0.44 -1.40] 0.413 - -
Underlying chronic § § - 1.73[0.84—3.56] 0.134
conditions
Concomitant acute | 3.05[1.59-5.83] 0.001 - 0.77 [0.47 - 1.26] 0.300 | 1.80[1.03-3.15] 0.038
Bloody diarrhoea 3.34[1.51-7.39] 0.003 - - 2.83[1.10-7.26] 0.030
Inflammatory
markers (high vs. 5.90([3.19-10.9] <0.001 - § -
normal)
White Blood Count
(altered vs. 1.83 [1.07-3.15] 0.064 - 0.81[0.53 -1.24] 0.335 -
normal)
Antibiotics - - - 2.75[1.48-5.12] 0.001
Probiotics - - - 1.66[1.10-2.49] 0.015
Antiemetics - - - §
Acetorphan - - - §

§ Not entered in the multivariate model (univariate p> 0.2) due to an univariate association

- Not in the set of predictors

Duration of hospitalization

The mean length of stay was 4.3+2.0 days, being most children (91%) regularly hospitalized and

only a minority (9%) managed in a brief observation regime (Table 4.3).

A hospital stay > 4 days was considered as a prolonged hospitalization, and relative major risk

factors were identified (Table 4.7). The presence of other acute clinical conditions together with

AGE (OR=1.8 ; 95%Cl 1.03-3.15, p=0.04) or episodes of bloody diarrhea (OR=2.83; 95%Cl 1.1-7.26;

p=0,03) were identified as independent risk factor for prolonged hospital stay. Among treatments,

the use of antibiotics (OR=2.75; 95%Cl 1.48 — 5.12) and probiotics (OR=1.66 ; 95%Cl 1.1 — 2.49)
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was significantly associated with prolonged hospitalization (p=0.001; p=0.015, respectively). In
contrast, the grade of dehydration and relative characteristics of rehydration were not related to a

prolonged stay.

4.4 Discussion

This is the first European prospective study that specifically assesses physicians’ compliance with
guidelines recommendations for hospital admissions and management of AGE in children. Our
results showed that more than 50% of children with AGE were inappropriately admitted, and,
about one third, of those inappropriately admitted, received medical inappropriate interventions
during hospital stay in Italy. A similar rate of compliance in hospitalized children with AGE has
been recently shown in United States [8].

Physicians’ adherence to standard of care and appropriateness of interventions is a major issue in
health [8-10]. Overall, medical behaviors applied in discord with those recommended in evidence-
based criteria are strongly related to higher costs and worst clinical outcomes [7,8], but the clinical
and economic burden, steadily rises when inappropriateness is related to common diseases such
as AGE.

In developed countries, the burden of AGE is still huge because of the high number of
hospitalizations, outpatients consultations and medical interventions. A widespread vaccination
campaign, as performed in the United States, led to a significant reduction of gastroenteritis-
related costs and hospitalizations, by reducing Rotavirus infection episodes in young children [13].
However, the vaccination it is not routinely applied in all countries [14], and even if applied
routinely, it is expected to decrease the overall rate of AGE by 25-28% [15].

The assessment of dehydration in children with AGE is the key step for diagnosis and treatment,
and drives medical behaviors. According to guidelines the best estimate of AGE severity is the
degree of dehydration [5]. The concordance between physicians’ estimate of dehydration grade
and the objective assessment was fair, meaning that several physicians overestimated the grade of
dehydration. Severe dehydration is the major indication to hospital admission in those children,
and variation in weight (at least 5%), if available, is usually reported as the most reliable
parameter to assess fluid losses [5]. However, in our population, only a small minority of children
underwent a significant weight gain after discharge and the mean weight gain was about 60

grams. Even if during hospitalization some children may experience a weight loss due to lack of
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appetite, blood samples and other physical and psychological factors, it’s highly probable that the
vast majority of those children was not significantly dehydrated at admission. These findings are
confirmed by the objective evaluation of dehydration based on established clinical markers:
considering that only 16% of children was moderate-to-severe dehydrated, but 74% underwent IV
rehydration (and 273 children for more than 24 hours). A similar discrepancy between guidelines
and practice was evident in a previous Canadian study that reported a moderate-to-severe
dehydration in only 2% of children with gastroenteritis although 30% of them received intravenous
rehydration [16].

Characteristics of health care institutions (teaching vs non-teaching, dimension of institution,
location/setting), rather than specific factors related to the child, were the major risk factors for
inappropriate hospital admission. A similar high variability in the management of AGE has been
reported among different institutions, either in United States or Canada [17,18]. These variations
in treatment are not accounted by significant differences in disease prevalence or etiology [8,19].
In addition, it has been demonstrated that an educational intervention focused on guidelines
criteria for hospital admission may significantly reduce the number of inappropriate hospital
admission for other common pediatric illnesses [11]. This result highlights the importance of
medical education and up-dating in determining medical clinical practice.

In our population, an additional determinant of inappropriateness was the hospital access during
the daytime in working days. This finding, is similar to that reported in some previous results on
admission of children with influenza-like -illness [20], and may be related either to the overload in
emergency department (ED) during the working days in winter season or also to the availability of
beds in the ward. The latter is probably the major determinant for hospital admission, as already
proposed in previous study in children with AGE [21]. This pattern may be related to conditions
that are typical of winter season, when EDs are characterized by a overwhelming access rate and a
little time available for medical decisions, but also to a defensive medicine approach that has been
already reported for other common infections in childhood [22].

In Italy, any child up to 16 years is seen for well being visits, vaccinations and management of
acute and chronic mild illnesses by primary-care pediatricians who are part of the public Health
Care System. Despite this healthcare organization, in our study, the vast majority of children with
AGE were admitted after a spontaneous access to the ED, thus skipping the filter of primary care

assistance. In addition, considering that the rate of inappropriate admission was similar in children
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seen or not seen by primary care pediatricians before reaching the hospital, it seems that there
was no “selection” of most severe cases before ED access.

Although the rate of inappropriate hospitalizations was high, once admitted, the mean compliance
with guidelines recommendations during their stay was fairly good (66%) and similar to that
reported in United States (69%) [8]. Physicians’ compliance was strongly related to the reason of
admission: it was better in those patients with no real indications to admission (explicit family
request or logistical concerns/poor caregivers reliability). This was probably due to a high
consciousness level of not appropriate hospital admission. It could be argued that severity of
clinical conditions in inpatients usually induces physicians to exceed in medical interventions in
order to avoid any legal issues, feeding the ghost of “defensive medicine”.

Most common violations to guidelines were: inappropriate request of microbiological
investigation, nutritional interventions and antibiotic prescriptions. Microbiology is not
recommended by guidelines as it has no impact on medical interventions.

Antibiotics were more likely prescribed in children with increased inflammatory markers such as
CRP and/or high WBC. However, blood investigations, not routinely recommended by guidelines,
are not predictive for a bacterial infection. Some authors proposed a role of CRP as predictor of
bacterial etiology, but only very high values (95mg/dl) show a good sensitivity and specificity in
children with acute diarrhea [23-25]. In addition, the assumption of antibiotics during
hospitalization was strongly related with a prolonged hospital stay and this relation was
independent from the presence of concomitant acute illnesses.

Probiotics strains with proved efficacy (Lactobacillus GG and S. boulardii) are currently
recommended by guidelines as the first line treatment in addition to ORS [4][5]. In our population,
the prescription of probiotic was associated with prolonged hospital stay. However, 70% of
prescribed probiotic strains were not those indicated by guidelines as effective.

Although 70% of children experienced vomiting at the onset of AGE, only a minority of patients
received antiemetics. The use of antiemetics is a very hot issue in AGE. Recent evidence
demonstrates a significant impact of ondansetron in reducing hospitalization as well as the need
of IV rehydration in children admitted to ED [26][27]. In our population, antiemetics were more
commonly prescribed in emergency department or short observation setting. Discussion among
experts is still active on this issue and, even if currently no guidelines recommend the use of
ondansetron in routine clinical practice, a larger use in United States and Canada has been

reported [26][27].
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As previously shown, the significant variability in clinical practice and the lack of adherence to
standard of care might be linked to differences in outcomes and health care expenses in
industrialized countries [28]. Considering that the cost for a single hospital admission for AGE in
Italy is €1300, and that about 50% of hospitalizations are currently inappropriate, we estimated
that a full adherence to guidelines recommendations for hospital admission might cut the healthy
costs by about €450.000 in our population and that a routine application of standardize care may

save about 1 billion of health care expenses related to AGE in Italy.

In conclusion, inappropriate hospital admissions and medical interventions are still common in the
management of children with AGE. Major risk factors for inappropriateness are related to
physician education and setting rather than to child and disease characteristics. Large quality care
improvement process based on local implementation of evidence-based practice may have a huge

impact on clinical outcomes and health care costs.
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ORIGINAL STUDIES

Adherence to Guidelines for Management of Children
Hospitalized for Acute Diarrhea

Andrea Lo Vecchio, MD,* Ilaria Liguoro, MD,* Dario Bruzzese, PhD,T Riccardo Scotto, MD, *
Luciana Parola, MD,} Gianluigi Gargantini, MD,§ and Alfredo Guarino, MD* on behalf of the
Accreditation and Quality Improvement Working Group of the Italian Society of Pediatrics§

Background: The major burden of acute gastroenteritis (AGE) in child-
hood is related to its high frequency and the large number of hospitaliza-
tions, medical consultations, tests and drug prescriptions. The adherence
to evidence-based recommendations for AGE management in European
countries 1s unknown. The purpose of the study was to compare hospital
medical interventions for children admitted for AGE with recommendations
reported in the European Societies of Pediatric Gastroenterology, Hepatol-
ogy and Nutrition and Pediatric Infectious Diseases guidelines.

Methods: A multicenter prospective study was conducted in 31 Italian hos-
pitals. Data on children were collected through an online clinical reporting
form and compared with European Societies of Pediatric Gastroenterology,
Hepatology and Nutrition and Pediatric Infectious Diseases guidelines for
AGE. The main outcomes were the inappropriate hospital admissions and
the percentage of compliance to the guidelines (full >90%, partial >=80%
compliance) based on the number and type of violations to evidence-based
recommendations.

Results: Six-hundred and twelve children (53.6% male, mean age
22.8+15.4 months) hospitalized for AGE were enrolled. Many hospi-
tal admissions (346/602, 57.5%) were inappropriate. Once admitted,
20.6% (126/612) of children were managed in full compliance with the
guidelines and 44.7% (274/612) were managed in partial compliance.
The most common violations were requests for microbiologic tests (404;
35.8%), diet changes (310; 27.6%) and the prescription of non-recom-
mended probiotics (161; 14.2%), antibiotics (103; 9.2%) and antidiar-
rheal drugs (7; 0.6%).

Conclusions: Inappropriate hospital admissions and medical interventions
are still common in the management of children with AGE in Italy. Implemen-
tation of guidelines recommendations is needed to improve quality of care.

Key Words: gastroenteritis, diarrhea, guidelines, adherence, hospital

(Pediatr Infect Dis J 2014:33:1103-1108)

Acute gastroenteritis (AGE) is a major cause of medical vis-
its and hospitalizations in developed countries and leads to
approximately 1.5 million outpatient visits and 220,000 hospi-
talizations per year in the United States, before the introduc-
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tion of the Rotavirus vaccine.' In Europe, AGE is among the 3
most frequent causes of hospital admission*® with an estimated
annual incidence that ranges between 4% and 17%.* In Italy,
where the incidence of AGE is slightly higher (between 4.5%
and 19.6%),** the rate of hospital admission for AGE is about
0.8% in children <5 years.”

AGE is a self-limiting and typically mild disease, whose
management is, in most cases, simple and based on consistent
and straightforward recommendations. According to high qual-
ity and authoritative guidelines,”® the management consists of the
replacement of fluids losses. Antidiarrheal drugs, changes in diet
or laboratory investigations are not routinely needed. In addition
to treatment recommendations, selected guidelines also report the
indications for hospital admission for AGE.” However, those rec-
ommendations are usually based on expert opinion, as there are no
controlled trials that specifically study this outcome.

The burden of AGE, mainly related to its high incidence,
may be further increased in terms of costs by variability in proce-
dures and excess of medical interventions.™!’

Good compliance to guidelines recommendations for AGE
may improve child clinical outcomes' and significantly affect the
economic burden of the disease' by reducing complications and
unnecessary interventions.

However, low adherence to guideline recommendations
for AGE has been reported both in developed'!® and developing
countries." A rate up to 30% of inappropriate hospital admissions
has been reported for common acute illnesses in children, such as
influenza-like illness,"” but to date, no specific data are available on
AGE in European children.

The aim of this study was to estimate the rate of inappropri-
ate hospital admissions for AGE in children <5 years of age and to
assess physicians’ compliance with guideline recommendations for
the management of children admitted for AGE.

PATIENTS AND METHODS

Ethics Statement

This prospective multicenter observational study was
approved by the Scientific Committee of the Italian Society of
Pediatrics and conduced in close collaboration with the Working
Group for the Accreditation and Quality Improvement and the Ital-
ian Society of Pediatric Research.

All physicians who agreed to participate in the study and
report their practice and prescriptions signed a written informed
consent. Each participating institution received a private username
and password to access the Pediatric Network website. Any phy-
sician might review his’her own data, but did not have access to
information recorded by other institutions.

Study Design

The Pediatric Network for the Accreditation and Quality
Improvement Working Group is a nationwide network that involves
126 hospitals admitting children (aged <16 years) and is aimed at
improving the quality of health care by the promotion of standardized
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practice. All centers involved in the Pediatric Network received an
invitation to participate in this study. From November 1, 2011, to
June 30, 2012, all participant physicians reported their practice about
children <5 years of age accessing their institution because of AGE.
Gastroenteritis was defined according to guidelines developed by the
European Societies of Pediatric Gastroenterology, Hepatology and
Nutrition and Pediatric Infectious Diseases (ESPGHAN/ESPID).”
Physicians were invited to enroll at least 5 consecutive cases.

Data were recorded at the time of discharge by 1 operator for
each hospital and loaded into an anonymous electronic Case Report
Form available on the pediatric network website (http://network-
pediatrico.sip.it/; see Appendix, Supplemental Digital Content 1,
http://links. lww.com/INF/B910).

Outcomes
The primary outcomes were as follows:

1. Appropriateness of the hospital admission, based on the specific
criteria for hospitalization.

2. Compliance with the indications for the assessment of dehydra-
tion, diagnostic tests and recommended treatments in accord-
ance with the guidelines.

In addition, the number and types of violations of the guide-
line recommendations were considered as secondary outcomes.

Assessment of Adherence to the Guideline
Recommendations

The evidence-based ESPGHAN/ESPID guidelines were used
asthe standard to assess the physicians’compliance to evidence-based
recommendations.” Adherence to recommendations for admission
was assessed by comparing the child’s conditions reported by the
physician with the criteria of the guidelines. The presence of at least
1 of these conditions was considered as an appropriate indication to
admit a child with AGE. Severe clinical conditions, such as shock,
suspected surgical conditions and bilious vomiting, were always con-
sidered appropriate. The other conditions needed to be specifically
described by the physician in the Case Report Form to be checked for
appropriateness.

Medical interventions applied during child’s hospital stay,
including prescriptions and procedures, were similarly compared
with those recommended in the guidelines. The following 10 items
were considered to evaluate the appropriateness of medical inter-
ventions during hospitalization:

1. Evaluation of the main signs/symptoms to assess dehydration
(Did the physician report the capillary refill time, skin turgor,
respiratory pattern, etc.?)

2. Concordance between the objective assessment of dehydration
and the physician’s estimate (Was the physician able to ade-
quately assess the reported signs?)

3. Nutritional interventions (eg, withdrawal, changes in diet or

feeding)

. Prescription of blood tests (other than electrolytes)

. Rehydration route (eg. oral, nasogastric or intravenous)

Prescription of microbiological investigations

Prescription of probiotics (indications and strains)

. Prescription of antiemetics (indications and drugs)

. Prescription of antibiotics (indications and drugs)

0.Prescription of antidiarrheal drugs

- - VN

The overall compliance was calculated based on the pres-
ence of major and minor violations of each of the domains reported

1104 | www.pidj.com

above (see Appendix, Supplemental Digital Content 2, http://links.
lww.com/INF/B911).
A major violation was defined as follows:

1. A medical intervention inconsistent with guideline recommen-
dations that might negatively affect the course of the disease
and/or might be associated with unnecessary costs or inappro-
priate interventions, or

2. Any violation to “high grade” recommendations in the guidelines
(strength of evidence I and Il according to the Muir-Gray score).'*!”

A minor violation was defined as follows:

1. A violation that did not substantially change the outcome but
was generally considered inappropriate or any violation to “low
grade” recommendations in the referral guidelines (strength of
evidence IIL, IV and V according to Muir-Gray).

In our model, any major violation reduced the overall com-
pliance by 10% and any minor violation by 5%; the final score (per-
centage) was calculated by the sum of the results reported for each
domain, with an ideal maximum of 100%. We considered full com-
pliance for scores >90% and partial compliance for scores >80%.

Chart reviewing and assessment of violations and compli-
ance were independently performed by 3 authors (A.L.V,, LL. and
R.S.). Selected cases with peculiar clinical conditions were jointly
assessed by all authors and dealt with using the Delphi method.

Statistical Analysis

Statistical analysis was performed using SPSS software
(version 20.0; SPSS Inc., Chicago, IL) and R (version 2.5.0; The
R Foundation for Statistical Computing, Vienna, Austria). Analyses
included only available data, and missing values were not imputed.
Data were summarized as means = SD [95% confidence interval
(CI) of the mean] for continuous variables and as frequencies (%)
for categorical variables. Concordance between the subjective (as
reported by physicians) and objective (as evaluated by clinical
signs) assessment of the severity of dehydration was based on the
quadratic weighted Cohen’s kappa statistics.

Univariate and multivariate logistic regression analysis was
applied to identify the main factors associated with inappropri-
ateness of hospital admission, noncompliance with management
guidelines and inappropriate medical interventions. Hence, those
factors showing a bivariate association with the dependent variable
ata level of P < 0.2 were entered en bloc into a multivariate logistic
regression model. All models were age-adjusted regardless of the
P value. Associations were expressed as unadjusted and adjusted
odds ratios (ORs) with 95% CI. All significance tests were 2-sided
with the significance level set at 0.05.

RESULTS
We enrolled 612 children (328 male, mean age 22.8+15.4
months) hospitalized for AGE in 31 hospitals who agreed to partici-
pate to the study. Most were hospitalized (91%, 555/612), whereas
9% (57/612) were managed in a brief observation period consisting
of a temporary admission (<12 hours). The mean length of stay
was 4.3+2.0 days. The general characteristics of the children and

their home management are reported in Table, Supplemental Digi-
tal Content 3, http://links.lww.com/INF/B912.

Clinical Conditions and Assessment of
Dehydration

Eighty-eight percent of the children presented with a watery
(311, 52%) or semiliquid (212, 36%) stool pattern and 7% reported
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bloody diarrhea. Vomiting was reported in 79% of patients. About
a quarter of the children (23%) had another illness together with
AGE; of these children, 93/612 (15%) were admitted with a con-
comitant acute illness, and 49/612 (8%) children had an underlying
chronic condition (Table, Supplemental Digital Content 3, http://
links.lww.com/INF/B912).

Most patients (416; 68%) were labeled by the physician as
mildly dehydrated, 165 (27%) as moderately dehydrated and only
10 (1.6%) as severely dehydrated or in shock at admission. How-
ever, the concordance between physicians” estimation of dehydra-
tion and the objective assessment was poor (weighted kappa 0.37,
95% CI: 0.46-0.56)

Many children (453/612, 74%) underwent IV rehydration.
Of these, 180 (40%) received IV fluids for <24 hours and 273
(60%) received fluids for a longer period. A quarter of the children
(159/612, 25%) received only oral rehydration. No child received
rehydration through a nasogastric tube.

The mean percentage of weight gain during hospitalization,
determined as the difference between the weight at discharge and
at admission, was 0.66% (95% CI: 0.35-0.97; Table, Supplemen-
tal Digital Content 4, http:/links.lww.com/INF/B913). Only 31
(7%) children gained =5% of their body weight compared with the
weight at admission.

Appropriate Admission Rates

The main reported reasons for hospital admission were
as follows: severe clinical conditions in 438 (73%) children, an
explicit family request for hospitalization in 98 (16%), and logis-
tical concerns or poor reliability of caregivers in 66 (11%) chil-
dren. No reason for hospital admission was reported for 10/612
patients. Based on the discrepancy with the criteria in the guide-
lines, many of the hospital admissions (346/602, 57.5%) were
inappropriate.

Only 188 out of the 438 children (43%) who were admitted
for severe clinical conditions, as reported by the physicians, actu-
ally had an indication for hospital admission according to guide-
lines. We considered as appropriate those cases (66/602, 11%) in
which the caregivers could not provide adequate care at home or

in which there were social/logistical concerns that might pose a
risk for the child’s health conditions. No relevant difference was
observed among institutions according to geographical location
and type of training (university vs. general hospital). Although,
inappropriate hospital admissions were more frequent in large hos-
pitals (=15 beds or 1000 inpatients/yr) than in small institutions
(OR: 1.59, 95% CI: 1.04-2.44, P =0.034).

Compliance With Recommendations During
Hospital Stay

Once admitted to the hospital, 2/3 of the patients were man-
aged in some agreement with evidence-based recommendations. A
total of 21% (126/612) and 45% (274/612) of the children were
managed in full or partial compliance with guideline recommenda-
tions, respectively (Fig. 1).

No difference in compliance was observed between children
managed in a brief observation regimen or regular hospitalization
(mean compliance 86+9.1 vs. 84.7+9.8; P=0.37.

Inappropriate requests for microbiological tests (404,
35.8%) and nutritional interventions (310; 27.6%) were the 2 most
frequent violations. The administration of antidiarrheal drugs not
included in the guidelines was the third most common violation
(271, 24%), with 161 prescriptions for non-indicated probiotics
(14.2%), 103 for non-indicated antibiotics (9.2%) and 7 for other
non-indicated antidiarrheal drugs (0.6%).

Children who were admitted because of poor family reliabil-
ity (OR =0.31; 95% CI: 0.15-0.60) or based on an explicit request
by the caregiver (OR = 0.47; 95% CI: 0.28-0.79) had a signifi-
cantly lower risk of being managed inappropriately (P = 0.001 and
P =10.004, respectively; Table 1).The major factors associated with
the most common violations are reported in Table 2.

The presence of =5 diarrheal stools was the only fea-
ture linked with the request for microbiological investigations
(OR = 1.66, 95% CI: 1.06-2.61). Antibiotics were prescribed
more frequently in children with bloody diarrhea (OR = 3.34,
95% CI: 1.51-7.39), in those who showed increased levels of
inflammatory markers (OR = 5.9; 95% CI: 3.19-10.9) and in
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TABLE 1. Determinants of Inappropriate Hospital Admissions and Compliance to Guidelines During Hospitalization

Univariate Analysis Multivariate Analysis
Determinants of Inappropriate Admission Rates OR (95% CI) P OR (95% CID P
Age 1.00(0.99-1.01) 0.288 1.00(0.99-1.01) 0.985
First medical assessment — 0.555
Primary care pediatrician 1 * =
Other hospital 1.85(0.74-4.58) 0.182 * =
Emergency department 1.47 (0.79-2.75) 0.22 * *
Emergency medical service 1.67 (0.47-5.95) 0.424 * =
Univariate Analysis Multivariate Analysis
Determinants of noncompliance with
guidelines during hospital stay OR (95% CI) P OR (95% CI) P
Age 1.00(0.99-1.01) 0.598 0.99(0.98-1.01 0.641
Underlying chronic conditions (Yes vs. No) 0.83 (0.44-1.56) 0.57 * =
Concomitant acute illnesses (Yes vs. No) 1.32(0.84-2.08) 0.228 * =
Reasons for admission <0.001
Severe clinical conditions 1 1 <0.001
Explicit family request 0.47 (0.28-0.79) 0.004 0.201(0.11-0.38) <0.001
Logistical concerns or poor caregiver reliability 0.31(0.15-0.60) 0.001 0.2500.11-0.54) <0.001
Appropriateness of hospital admission (no vs. yes) 1.29 (0.92-1.81) 0.142 1.55(1.00-2.39) 0.047

*Not entered in the multivariate model (univariate P = 0.2) because of an univariate association.

those children with a concomitant acute illness (OR = 3.05; 95%
CI: 1.59-5.83).

DISCUSSION

This is the first prospective study specifically assessing phy-
sicians’ compliance with guideline recommendations for hospital
admissions and management of children with AGE. Our results
indicate that more than 50% of children with AGE were admitted
without meeting the criteria for hospitalization reported in the ref-
erence guidelines. Once admitted. about 2/3 of inpatient children
were managed in compliance with evidence-based recommenda-
tions.

Medical interventions in discordance with evidence-based
criteria are strongly associated with higher costs and worse clini-
cal outcomes,''? and the clinical and economic burden steadily

rises when the inappropriateness is related to common diseases,
such as AGE.

In developed countries, the burden of AGE is huge because
of the high number of hospitalizations, outpatient consultations and
medical interventions. A widespread rotavirus vaccination cam-
paign might significantly reduce costs and hospitalization,' but it
is not applied in all countries,” and even when routinely applied it
is expected to decrease the AGE rate by only 25-28%.%"

Severe dehydration is the major indication for hospital
admission in those children; a weight loss of at least 5% is reported
as the most reliable index of dehydration,” but in our population,
only a minority of children experienced a significant weight gain
after rehydration. Even if during hospitalization some children
might have a weight loss because of lack of appetite, blood samples
and other physical and psychological factors, it is highly probable
that most children were not significantly dehydrated at admission.

TABLE 2. Factors Associated With Inappropriate Medical Interventions and With Prolonged Hospitalization

Antibiotics Change in Diet Stool Culture

Determinants a0R (95% CI) P aOR (95% CI) P a0R (95% CI) P
Age (months) 1.01 (0.99-1.03) 0.247 1.02 (1.01-1.04) 0.002 0.99(0.958-1.01) 0.286
N episodes of diarrhea/day #

0-3 episodes = 1 1

3-5 episodes ® 1.34 (0.86-2.08) 0.191 1.47(0.94-2.28) 0.088

> 5 episodes = 1.48 (0.96-2.30) 0.076 1.66 (1.06-2.61) 0.028
Episodes of vomiting =

No vomiting # 1 —

1-3 = 0.44 (0.27-0.74) 0.002 —

35 = 0.83 (0.47-1.45) 0.511 —

=5 ® 0.78 (0.44-1.40) 0.413 —
Underlying chronic conditions = = —
Concomitant acute illness 3.05 (1.59-5.83) 0.001 — 0.7700.47-1.26) 0.3
Bloody diarrhea 3.34(1.51-7.39) 0.003 — —
Inflammatory markers (high vs. normal) 5.90 (3.19-10.9) <0.001 — *
‘White blood count (altered vs. normal) 1.83 (1.07-3.15) 0.064 — 0.8100.53-1.24) 0.335
Antibiotics — — —
Antiemetics — — —
Acetorphan — — —
*Not entered in the multivariate model (univariate p= 0.2) because of an univariate association.
—not in the set of predictors; a0R, adjusted OR.

1106 | www.pidj.com © 2014 Lippincott Williams & Wilkins



The Pediatric Infectious Disease Journal * Volume 33, Number 11, November 2014

Guidelines for acute diarrhea

In our population, although 16% of children were moderately
severely dehydrated, about 2/3 underwent IV rehydration.

Although the rate of inappropriate admissions was high, the
compliance with guidelines in hospitalized children was fairly good
(66%) and similar to that reported in United States (69%)."* Physi-
cians’ compliance was strongly related to the reason for admission;
compliance was better in those patients with no real indications for
admission (explicit family request or poor caregiver reliability).
Therefore, there was a trend of not applying excessive invasive inter-
ventions in children who were in relatively good clinical condition.

The most common violations to the guidelines were inap-
propriate requests for microbiological investigations, nutritional
interventions and antibiotic prescriptions. Microbiological tests are
not recommended by the guidelines, unless in specific conditions,
as these tests have no impact on medical interventions.”

Antibiotics were more likely prescribed in children with
signs of inflammation (eg, high C-reactive protein or white blood
cells). However, blood tests are not routinely recommended by the
guidelines and are not predictive of a bacterial intestinal infection.

Although 70% of the children presented with vomiting, only
a minority of the patients received antiemetics. The use of antiemet-
ics is a very controversial issue in AGE. There is recent consistent
evidence that ondansetron may reduce hospitalization and [V rehy-
dration in children who access the emergency department.”'** How-
ever, this beneficial effect must be considered in light of concern
related to a warning of FDA reporting the association of ondanse-
tron with severe cardiac side effects (FDA: Zofran [ondansetron]:
Drug Safety Communication-Risk of Abnormal Heart Rhythms,
2011. from http://www.fda.gov/Safety/MedWatch/SafetyInformation/
SafetyAlertsforHumanMedical Products/uem27204 1.htm). 1t should
be noted that these severe side effects were reported at doses and
routes that differ from those suggested for AGE. Discussion among
experts is still active on this issue; currently only 1 guidelines™
worldwide recommend the use of ondansetron in selected cases, but
a large use in the United States and Canada has been reported. '

The significant variability in clinical practice and the lack
of adherence to the standard of care might be linked to differences
in clinical outcomes and health care expenses in industrialized
countries.” In addition, it has been demonstrated that an educa-
tional intervention focused on guidelines may significantly reduce
the number of inappropriate hospital admissions for other common
pediatric illnesses."* This result highlights the importance of medi-
cal education and retraining to influence clinical practice.

The main limit of this study was related to the bias of includ-
ing data reported by physicians. However, the inclusion of a large
number of institutions and the identification of a single referent
person reporting the interventions of colleagues might have par-
tially reduced this bias. Differently from other studies based on a
retrospective analysis of medical prescriptions,'>" our study was
the first that has been designed on purpose to prospectively assess
medical interventions in a European country.

Inappropriate hospital admissions and medical interventions
are still common in the management of children with AGE. Our
results are in line with previous findings indicating that effective
treatment for AGE is poorly applied by physicians in various Euro-
pean countries and is still far from being optimal even compared
with those published =10 years ago.”
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CHAPTER 5
IMPLEMENTATION OF EFFECTIVE PROBIOTIC STRAINS
FOR THE MANAGEMENT OF CHILDREN HOSPITALIZED
FOR ACUTE GASTROENTERITIS

5.1 Rationale and identification of the clinical problem

Since the introduction of rotavirus vaccine, disease burden due to acute gastroenteritis (AGE),
as measured by healthcare utilization and costs, has decreased substantially [1, 2]. However,
AGE remains a burden because 1/3 of children under age 3 are still unvaccinated [2].

The mainstay of treatment for AGE has historically been rehydration, which does not reduce
the severity or the duration of intestinal symptoms [3]. Probiotics are able to modify the
composition of the intestinal microflora, act against enteric pathogens and play an
immunomodulatory action, also if a definitive mechanism of action has yet to be defined. A
meta-analysis of probiotics for pediatric AGE demonstrated that the probiotic strain
Lactobacillus rhamnosus GG (LGG) showed a significant reduction in the duration of diarrhea
and risk of diarrhea lasting more than 7 days [4]. Evidence-based guidelines produced in
developed countries identify LGG as a valid and effective adjunct to oral rehydration solution
for the treatment of AGE [5-7].

Adherence to standard of care for AGE in United States is far from optimal [8]. A recent survey
on North American physicians practicing pediatric emergency medicine reported a
prescription of Probiotics in only 15% of children with AGE in Canada and United states [9].
About 70% of those physicians working in United States referred that a better knowledge of
high quality probiotic strains available in USA would increase the likelihood of their
recommendation, and that the absence of a clinical trial conducted in North America

represented the main barrier for prescription.

5.2 Evidence in support to the use of Lactobacillus rhamnosus GG for the treatment of

children hospitalized for acute diarrhea
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Acute gastroenteritis is probably the main, certainly the original field of application for
probiotics. A large number of data have been obtained since the paper that firstly provided
relevant evidence for the efficacy of Lactobacillus rhamnosus GG (LGG) in the treatment of
AGE [10].

In the last years, an increasing number of RCTs have been published on this issue in various
settings and with different outcomes. However, the data available are progressively merging
in providing compelling indications that probiotic administration is effective against AGE.

From a review of guidelines available worldwide, six produced either in developed or
developing countries consider the use of probiotic as a therapeutic option in addition to
rehydration [6, 11, 12, 13, 14, 15]

LGG is the most studied strain and, as a consequence, has obtained consistent evidence of
efficacy. All the documents including probiotics in their recommendations, consider LGG as
the main intervention based on clinical evidence. There is “conclusive” evidence that GG
reduces the severity and duration of diarrhea in multiple conditions.

The recommendation slightly varies among different guidelines according to the setting and
the availability of products on the market. As an example, in Australia, although evidence
support the use of LGG no probiotics are available.

Two authoritative documents have been developed in 2014 by the ESPGHAN, one is a position
paper that specifically addresses the use of probiotics in children with AGE [16] and the other
is @ more complete document on the overall management of AGE in children [11]. Those
documents provide clear-cut recommendations. Recommendations were provided only if at
least two distinct RCTs were available. Briefly, according to published data, selected probiotic
reduce the severity and duration of symptoms by approximately 24 hours (without substantial
differences in efficacy among effective strains), and the risk of complications.

A total of 4 strains were recommended for active treatment of gastroenteritis, in adjunct to
oral rehydration therapy. However, LGG that was “strongly recommended”, was the only one

that received a similar recommendation in 2008 version of guidelines [5].

Though LGG has primarily been studied in preschool children, it has been tested in children
older than 5 years and in adults [17], with similar results as that for younger children [18].
Considering the available evidence and the safety profile of probiotics, the recommendation

for use of LGG as treatment for acute diarrhea can be generalized to include older children.
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A recent meta-analysis [19] of 11 RCTs involving 2444 children with acute infectious diarrhea
found that LGG is associated with a significant reduction in diarrhea duration (mean
difference, MD -1.05 days, 95% Cl -1.7 to -0.4), LGG was effective in children treated in Europe
(five RCTs, n = 744, MD -1.27 days, 95% Cl -2.04 to -0.49); in the non-European setting, the
difference between the LGG group and the control group was of a borderline statistical
significance (six RCTs, n = 1700, MD -0.87, 95% Cl -1.81 to 0.08).

A previous meta-analysis reported a reduction in the risk of diarrhea longer than 7 days (1
RCT, Relative Risk (RR): 0.25, 95% Cl: 0.09 to 0.75), and duration of hospitalization (3 RCTs,
number of participants =535; WMD -0.58, 95% Cl: -0.8 to -0.4) [4].

Dose-dependent effect

The specific dose of probiotics is still an issue. Specifically for the treatment of AGE, strong
evidence supported a dose-related effect, being high doses of LGG (> 1010 CFUs/day) (eight
RCTs, n = 1488, MD -1.11 days, 95% ClI -1.91 to -0.31) more effective than low doses in
reducing the duration of diarrhea(three RCTs, n = 956, MD -0.9 day, 95% Cl -2.5 to 0.69) [19].
Since the demonstration of a significant reduction of Rotavirus shedding in stools in children
receiving Lactobacillus rhamnosus [10], and the following evidence of a dose-dependent
effect [20], other documents reported that probiotics overall seems to have a stronger effect
in Rotavirus-positive diarrhea rather than in other etiology. It should be considered that the

spreading of Rotavirus immunization might change in part the current scenario.

Health benefits

The health benefits for LGG administration in adjunct to ORS consist of reduction of diarrhea
duration, reduction in risk of having a protracted diarrhea and reduction of duration of
hospitalization.

Indirectly, the use of LGG could lead to a reduction of AGE-related costs in term of work days
lost by the family and days of hospitalization; and the routine use of LGG in inpatients and
community children with acute diarrhea could reduce the exposure to nosocomial and

daycare infection.
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5.3 Intervention to implement the use of Lactobacillus rhamnosus GG in a tertiary care

children hospital

In 2005, and again in 2011, the Cincinnati Children Hospital Medical Center in Ohio, United
States developed an evidence-based Clinical Practice Guideline, which recommended
consideration of probiotic use in patients with AGE [21].Despite the evidence and local
recommendations, only 1% of AGE patients admitted to our general pediatric service were

prescribed probiotics.

Aims of the study
The aim of this study was to increase the prescription of Lactobacillus GG at admission from
1% to 90% within 120 days for children hospitalized on a general pediatric service with a

diagnosis of AGE.

Methods

Setting

Cincinnati Children’s Hospital Medical Center (CCHMC) is a large, urban pediatric academic
medical center located in the Midwest United States, which uses an electronic medical record
(EMR) for all inpatients. In fiscal year 2011, CCHMC had 528 registered inpatient beds of
which 200 were patients admitted with the diagnosis of AGE. Patients admitted to the
general pediatric service are admitted at the main campus and a satellite community campus.
At the main hospital, care is provided by teams of residents and medical students that are
supervised by CCHMC pediatric hospitalists for 85% of the patients and community-based
pediatricians for 15% of the patients. Approximately 160 medical students and residents
receive clinical training annually on the general pediatric service. This quality improvement
initiative took place on three general pediatric inpatient units, two at the main campus and

one at the satellite location.

Planning the Intervention
A CCHMC general pediatric hospitalist attending physician led a multidisciplinary team which

included other hospital medicine attending physicians, a visiting pediatrician, a research
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assistant, physician and nurse representatives of the evidence based guideline development
group, and a quality improvement coach. The team used a Rapid Cycle Improvement
Collaborative (RCIC)[11] at CCHMC to achieve the goal of increasing probiotic prescription on
admission within a 120-day period. This involved group learning sessions over 4 months with
didactic presentations and structured group activities to learn the Model for Improvement
[23] and apply Quality Improvement (Ql) methods to achieve an improvement goal. The team
mapped the existing AGE admission process, conducted a failure mode effects analysis[24],
and identified key drivers of LGG use, and developed interventions to promote LGG use.

Figure 5.1 depicts the final key driver diagram.

INTERVENTIONS
KEY DRIVERS
Eligible patients identified Define standard criteria for LGG administration
AIM Adequate staff knowledge Education of MDs and RNs

Toincrease the

percentage of children

medicine with AGE who

received LGG from 1%

to >90% within 120

o—_|
admitted to hospital = Prescriber buy-in ? Inpatient availability at all sites

Default order in evidence-based order-set

days Available and appropriate
\ administration of LGG

Daily identification and mitigation

Immediate response to failure of
prescribing

Process standardization Automation of monitoring

Figure 5.1. Key drivers diagram

The team developed a SMART aim that was specific, measureable, actionable, relevant, and
time-bound, to increase the prescription rate of LGG at admission from 1 % to >90% within
120 days for children hospitalized on the general pediatric service with a diagnosis of AGE.
Patients considered for inclusion were between 2 months and 18 years old admitted to the
general pediatric service with the diagnosis of AGE. Acute Gastroenteritis was defined as a
decrease in stool consistency and/or an increase in frequency of evacuations with 3 or more
stools in the preceding 24 hour period, with our without vomiting or fever. Patients with

complex medical conditions or with presumed bacterial gastroenteritis were excluded.
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Improvement Activities
Interventions focused on 4 main areas to address the key drivers identified. The interventions
were tested through Plan-Do-Study-Act (PDSA) cycles [23] on three general medical units and

adapted as needed.

Education

* In April 2011, the improvement team presented the evidence for LGG to residents and
medical students at a morning conference and to the general pediatric attending physicians at
a regularly scheduled section meeting. Participants completed pre- and post- assessment
surveys on their knowledge and practice of the evidence that LGG, when administered to
children with AGE, shortens the course of acute and protracted diarrhea. Nursing staff on the
general pediatric units were informed of this same information by the nursing leadership. A
second educational session was given in July 2011 to teach the incoming residents and to
remind the existing residents about probiotics and AGE.

* To spread knowledge of the evidence and the team’s improvement efforts, several means
of communication were used to reach out to community physicians and other members of the
CCHMC community. A one-page flyer summarizing the evidence and implementation project
was disseminated to physician practices by CCHMC representatives who serve as liaisons
between the hospital and community-based practices. A paragraph on the evidence and the
LGG project was also posted on the CCHMC internal website and included in an institution-
wide staff bulletin distributed to medical staff. Contact information for the team leader and a
web link to our institutional Best Evidence Statement [25], which summarizes the evidence for
use of LGG in children with diarrhea, were included on all materials.

* To further remind residents and also capture visiting residents and medical students who
were unfamiliar with the project, a member of the improvement team attended the monthly
general pediatric team orientation meeting to provide a very brief reminder. Relevant
information regarding eligibility criteria and dosage information was posted in the team
rooms and on the resident website. Several months into the project, the residency program
migrated to shift based scheduling to address new Accreditation Council for Graduate Medical
Education (ACGME) work hour restrictions, which meant residents working the night shift

were not able to attend the team orientation meeting. To educate the night shift residents,
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two slides summarizing the LGG project were delivered during their existing weekly evening

educational sessions.

Feedback on Performance
Updated run charts were posted in both resident team rooms and attending workrooms to

provide feedback for the medical team.

Pharmacy
In April 2011, to address the problem that LGG not available at the satellite campus’ inpatient

pharmacy, the satellite pharmacy partnered with our group and began to stock LGG.

Order set

To incorporate a higher reliability intervention,[26, 27] the team worked with an EMR system
specialist to update the existing gastroenteritis order set to include a hyperlink to the Best
Evidence Statement and an order that defaulted to the prescription of LGG specifying the

appropriate dose and schedule of administration.

Identify and mitigate

A research assistant reviewed the EMR each weekday to identify eligible patients with AGE. To
prevent failures, the research assistant notified the attending physician and residents
responsible for the patient’s care by email when an eligible patient was identified who did not
have LGG ordered. The email notification included a reminder of the LGG project aim,
evidence for LGG use in AGE patients and information on the appropriate dosage and timing
of administration. This weekday mitigation strategy was designed to remind the team in

semi-real time so they could prescribe LGG if they deemed medically appropriate.

Methods of Evaluation

Pre intervention data was collected through manual chart review of all patients discharged
from the general pediatrics service between January 1, 2011 and April 3, 2011. Post
intervention data were obtained through a daily scan of general pediatrics patients and
manual chart review of eligible patients admitted between April 4, 2011 and January 22, 2012.

A research assistant trained in data collection and interpretation reviewed the list of hospital
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medicine patients each weekday, searching the problem list and chief complaint for the
following keywords: acute gastroenteritis, diarrhea, dehydration, or vomiting, to identify
eligible patients. On Monday morning, the research assistant would also review patients
admitted during the weekend. Once a patient had been identified, the research assistant
noted whether the patient met the inclusion criteria for the Ql project. The eligibility of
patients of questionable inclusion/exclusion status was determined by consensus after the
case was reviewed with at least two physicians on the improvement team. Prescription of LGG
at admission was defined as LGG being ordered for an eligible patient within 18 hours of

admission, regardless of whether the team received a reminder.

Analysis

The research assistant recorded data and created run charts using Microsoft Excel®. Run
charts [28] display data in a timed sequence and help detect special causes of variation. Run
charts were updated weekly to reflect the percentage of eligible patients receiving LGG at the

main campus, satellite campus, and both locations combined.

5.4 Results of the rapid implementation program

Prescription of LGG at admission for children with AGE increased from 1% to 100% within 6
weeks of beginning the project (Figure 5.2).

The educational sessions for attending physicians, residents, and medical students were an
effective method of knowledge transfer. After the sessions, participants were more
knowledgeable that probiotics reduce the duration of diarrhea in a dose dependent fashion
and were more likely to prescribe probiotics (Table A).

Three failures accrued soon after the new interns started in July 2011. Subsequently,
prescription of LGG at admission has been sustained for the past 6 months.

As expected, our average length of stay did not change as a result of our interventions (Table

B).

Table 5.1. Survey of Practitioners’ Knowledge about probiotics and current or planned

prescribing habits
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Before Probiotic After Probiotic P
Education Education Value

| typically treat children with AGE with probiotics. % agreement % agreement

Residents or medical students (n = 30) 0 80 001

Hospital medicine attending physicians (n = 11) 18 63 .001
The evidence supports probiotics’ reduction of % correct % correct

diarrhea.

Residents or medical students (n = 30) 95 96 001

Hospital medicine attending physicians (n = 11) 70 100 <<.001
Probiotics have a dose-dependent efficacy. % correct % correct

Residents or medical students (n = 30) 99 100 .001

Hospital medicine attending physicians (n = 11) 70 100 <.001
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Figure 5.2. Run chart of the prescript

Conclusions

The rapid implementation of

improvement science methods.

ion of LGG in children admitted to CCHMC for AGE

evidence-based practice is possible when utilizing

Keys to the success of our specific project were

interdisciplinary collaboration, use of an electronic medical record, and identification and

mitigation of failures.
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Rapid Adoption of Lactobacillus rhamnosus GG

for Acute Gastroenteritis

BACKGROUND AND DBJECTIVES: A 2007 meta-analysis showed probiotics,
specifically Lactobacillus rhamnosus GG (LGG), shorten diarrhea from
acute gastroenteritis (AGE) by 24 hours and decrease risk of pro-
gression beyond 7 days. In 2005, our institution published a guideline
recommending consideration of probiotics for patients with AGE, but
only 1% of inpatients with AGE were prescribed LGG. The objective of
this study was to increase inpatient prescribing of LGG at admission to
=90%, for children hospitalized with AGE, within 120 days.

METHODS: This quality improvement study included patients aged 2
months to 18 years admitted to general pediatrics with AGE with di-
arrhea. Diarrhea was defined as looser or =3 stools in the preceding
24 hours. Patients with complex medical conditions or with presumed
bacterial gastroenteritis were excluded. Admitting and supervising
clinicians were educated on the evidence. We ensured LGG was ade-
quately stocked in our pharmacies and updated an AGE-specific
computerized order set to include a default LGG order. Failure iden-
tification and mitigation were conducted via daily electronic chart
review and e-mail communication. Primary outcome was the percent-
age of included patients prescribed LGG within 18 hours of admission.
Intervention impact was assessed with run charts tracking our pri-
mary outcome over time.

RESULTS: The prescribing rate increased to 100% within 6 weeks and
has been sustained for 7 months.

CONCLUSIONS: Keys to success were pharmacy collaboration, use of
an electronic medical record for a standardized order set, and rapid
identification and mitigation of failures. Rapid implementation of evi-
dence-based practices is possible using improvement science methods.
Pediatrics 2013;131:596-5102
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SUPPLEMENT ARTIGLE

Since the introduction of the rotavirus
vaccine, disease burden attributable to
acute gastroenteritis (AGE), as mea-
sured by health care utilization and
costs, has decreased substantially.’?
However, AGE remains a health care
burden because of the approximately
one-third of children younger than 3
who are unvaccinated? or infected with
other viruses.

The mainstay treatment of AGE histori-
cally has been rehydration, which does
not reduce the severity or duration of
intestinal symptoms.* A meta-analysis of
the use of probiotics for pediatric AGE
demonstrated that the probiotic strain
Lactobacillus  rhamnosus GG (LGG)
showed significant reductions in the
duration of diarrhea and risk of diar-
rhea lasting =7 days?® Evidence-based
guidelines produced in developed
countries identify LGG as a valid and ef-
fective adjunct to oral rehydration for
the treatment of AGE, as does a recent
American Academy of Pediatrics clinical
report 5% Adherence to one such
guideline demonstrated shortened di-
arrhea and improved weight gain
among children with AGE.™® Cincinnati
Children’s Hospital Medical Center
(CCHMC) has developed evidence-based
guidelines for over 15 years. In 2005, our
institution updated an evidence-based
clinical practice guideline that recom-
mended consideration of probiotic use
for patients with AGE."" Despite the evi-
dence and local recommendation, only
1% of patients with AGE admitted to
general pediatrics were prescribed
probiotics.

The aim of this study was to increase
the percentage of children with AGE ad-
mitted to general pediatrics who re-
ceived LGG from 1% to =80% within 120
days.

METHODS
Setting

GCHMC is a large, urban pediatric ac-
ademic medical center that uses an
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electronic medical record (EMR). In
fiscal year 2011, CCHMG had 200 pa-
tients admitted to general pediatrics
with the diagnosis of AGE. Patients ad-
mitted to the general pediatric service
are admitted at the main campus and
a satellite community campus. At the
main hospital, care is provided by
teams of residents and medical stu-
dents who are supervised by CCHMG
pediatric hospitalists for 85% of the
patients and community-based pedia-
tricians for the remaining 15%. Ap-
proximately 160 medical students and
180 pediatrics residentsreceiveclinical
training annually on the main hospital
general pediatric service. Care at the
satellite community campus is almost
exclusively given by attending physi-
cians. This quality improvement (QI)
initiative took place on 3 general pedi-
atric inpatient units: 2 at the main
campus and 1 at the satellite location.

Planning the Intervention

One CCHMC pediatric hospitalist at-
tending physician and a visiting pedi-
atrician co-led amultidisciplinary team
that included other hospital medicine
attending physicians, a research assis-
tant, physician and nurse representa-
tives of the evidence-based guideline
development group, and a Ql coach. The
team used a Rapid Cycle Improvement
Collaborative'? at CGHMG, which in-
volved 7 group learning sessions over 4
months to learn the Model for Im-
provement's and apply QI methods to
achieve an improvement goal. The team
met approximately weekly in the initial
phase of the project to gauge progress
and plan interventions. The team map-
ped the existing AGE admission process,
conducted a failure mode effects anal-
ysis," identified key drivers of LGG use,
and developed interventions to promote
LGG use. Figure 1 depicts the final key
driver diagram. Patients considered for
inclusion were between 2 months and
18 years old and admitted to the general
pediatric service with the diagnosis of
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AGE with diarrhea. Gompliant with the
World Health Organization definition,
diarrhea was defined as decreased
stool consistency or 3 or more stools in
the preceding 24-hour period. Patients
with complex comorbid conditions or
with presumed bacterial gastroenteri-
tis, such as patients presenting with
bloody diarrhea, were excluded.

Improvement Activities

Interventions focused on 4 main areas
to address the key drivers identified
a priori. The interventions were tested
through Plan-Do-Study-Act cycles.'s

Education

o In April 2011, the improvement team
presented the evidence for LGG to
residents and medical students at
a morning conference and to the
hospitalist attending physicians at a
regularly scheduled meeting. At the
session, participants completed pre-
and post-assessment surveys on
their knowledge and practice of
the evidence that LGG, when admin-
istered to children with AGE, short-
ens the course of acute and
protracted diarrhea. Nursing staff
on the general units were informed
of this same information by nursing
leadership. A second educational
session was given in July 2011 to
teach the incoming residents and re-
mind the existing residents about
probiotics and AGE.

To spread knowledge of the evi-
dence and the improvement efforts,
several means of communication
were used to reach out to commu-
nity physicians and other members
of the CGHMGC community. A 1-page
flyer summarizing the evidence and
implementation project was dissem-
inated by GCHMC representatives
who serve as liaisons between the
hospital and community-based prac-
tices. A paragraph on the evidence
and the QI project was also posted

o]
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Key driver diagram.

on the GCHMG internal Web site and
included in an institution-wide bulletin
distributed to medical staff Gontact
information for the team leaders
and a Web link to our institutional
Best Evidence Statement, ' which sum-
marizes the evidence for use of LGG in
children with diarrhea, were included
on all materials.

To further remind residents and
orient visiting residents and medi-
cal students to the project, a mem-
ber of the improvement team
attended the monthly general pedi-
atric teams’ orientation meeting to
provide a 1- to 2-minute reminder.
Relevant information regarding eli-
gibility criteria and dosage infor-
mation was posted in the resident
team rooms and on the resident
Web site. Several months into the
project, the residency program
implemented a shift-based sched-
ule to address new Accreditation
Gouncil for Graduate Medical Edu-
cation work-hour restrictions. Gon-
sequently, residents working the
night shift were not able to attend
the team orientation meeting. To
educate this subset, 2 slides sum-
marizing the LGG project were de-
livered during their existing weekly
evening educational sessions.

s}
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= Updated run charts were posted in
both resident team rooms and attend-
ing workrooms to provide feedback
on performance.

Pharmacy

oIn April 2011, our improvement
group partnered with pharmacy to
ensure LGG was available in an ade-
quate dose of 10'° colony-forming
units per capsule, and was stocked
at both the main and satellite loca-
tions, as it had previously only been
stocked at the main location.

Order Set

= To incorporate a higher reliability
intervention,'®'" the team worked
with an EMR system specialist to up-
date the existing gastroenteritis or-
der set to include a hyperlink to the
Best Evidence Statement and an or-
der that defaulted to the prescription
of LGG specifying the appropriate
dose and schedule of administration.
Practitioners choosing the AGE order
set needed to delete the order for
LGG to not prescribe LGG.

Identify and Mitigate

= A research assistant reviewed the
EMR each weekday to identify eli-
gible patients with AGE. To prevent
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failures, the research assistant noti-
fied the attending physician and res-
idents responsible for the patients
care by e-mail when an eligible pa-
tient was identified who did not have
LGG ordered. The e-mail notification
included a reminder of the LGG pro-
ject aim, evidence for LGG use in
patients with AGE, and information
on the appropriate dosage and tim-
ing of administration. This mitigation
strategy was designed to remind the
team so they could prescribe LGG if
deemed medically appropriate and
also to reinforce the practice change.
These e-mail notifications were re-
cently discontinued in an effort to
scale down improvement efforts.

Methods of Evaluation

Preintervention data were collected
through manual chart review of all
patients discharged from the general
pediatrics service between January 1
and April 3,2011. Postintervention data
were obtained through a daily manual
electronic chart review of eligible pa-
tients admitted between April 4, 2011,
and February 26, 2012. To identify eli-
gible patients, a research assistant
trained in data collection and inter-
pretation reviewed the list of general
pediatrics patients each weekday,
searching the problem list created by
the admitting team for the following
keywords: acute gastroenteritis, di-
arrhea, dehydration, or vomiting. Each
Monday morning, the research assis-
tant also reviewed patients admitted
during the weekend. Once a patient was
identified, the research assistant re-
viewed the medical record and applied
inclusion and exclusion criteria and
case definitionsto determine eligibility.
When eligibility was uncertain, the case
was reviewed with at least 2 physicians
on the improvement team to reach
consensus. Prescription of LGG at ad-
mission was defined as LGG being
orderedforan eligible patient within 18
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hours of admission, regardless of
whether the team received a reminder.

Analysis

Pre and post data from educational
sessions were analyzed by usinga,\/ztest
to calculate values for statistical signif-
icance. The research assistant recorded
performance data and created run
charts using Microsoft Excel (Microsoft,
Redmond, WA). Run charts were updated
weekly to reflect the percentage of eli-
gible patients receiving LGG, and dis-
played data in a timed sequence to help
detect special causes of variation.’®

Human Subject Protection

The CCHMG institutional review board
reviewed the project and considered it
to be a local QI initiative and not re-
search involving human subjects. In-
formed consent beyond the standard
consent for treatment of all inpatients
was not required.

RESULTS

Pre- and postassessment surveys for the
attending physicians, residents, and
medical students ontheir LGG knowledge
demonstrated that the educational ses-
sions significantly improved knowledge
of LGG efficacy and improved their like-
lihood to prescribe probiotics (Table 1).

Prescription of LGG at admission for
children with AGE increased from 1% to
100% within 6 weeks of beginning the
project (Fig 2). Three failures occurred
soon after the new interns started in
July 2011. Subsequently, prescribing of
LGG at admission has been sustained
for the past 7 months at 100%. The
percentage of eligible patients re-
quiring realtime e-mail mitigation had
declined since the early phases of the
project (Fig 3).

DISCUSSION

We used improvement science and
reliability methods' to successfully
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implement an evidence-based practice
change within 6 weeks that has been
sustained for =7 months. Improve-
ment science is the application of the
scientific method to improve health
care delivery systems.'319 Historically,
practice change that adopts evidence-
based recommendations is a slow
process, taking on average 17 years for
research to be translated into prac-
tice.2® Qur Hospital Medicine division
has had similar success with changing
practice related to hand hygiene2'.22
and rapid adoption of evidence to
change practice regarding the treat-
ment of osteomyelitis 2> We propose
that rapid and sustainable evidence-
based practice change can be achieved
by applying improvement science
methods.

Education is often the first step in any
change process; however, education
and training are low reliability inter-
ventions when used alone” Thus,
a successful change initiative must in-
clude additional strategies to achieve
sustainability. In our project, we used
education to develop consensus for the
practice change, to ensure that physi-
cians and nurses understood the po-
tential risks and benefits of LGG, and to
establish the foundation for subsequent
interventions. We learned from our
failures in July that given the frequent
change of care providers within an ac-
ademic setting, repetition of education
was essential; however, as the message

spread among our care teams, less
formalized, more concise education
proved effective.

Key partnerships within our institu-
tion led to interventions incorporating
higher reliability interventions that
helped us to achieve our goal. The in-
patient pharmacy took steps to ensure
that LGG was available in the correct
formulation at both inpatient sites. EMR
analysts modified an existing order
settoinclude LGGasthe default orderat
the correct dose. In addition to facili-
tating LGG ordering, the EMR afforded
usthe abilityto identify eligible patients
quickly. Once identified, near real-time
mitigation of failures in LGG ordering
helped to increase our success, espe-
cially during the initial weeks of the
project. This project leveraged the
existing relationships, the value of evi-
dence-based practice, and the culture of
QI that exists within our institution.
However, we do not believe that such
efforts are limited to facilities with an
existing Ql framework, as optimized care
delivery based on evidence is a universal
concept.

There are some limitations to our rapid
implementation project. Because the
volume of patients admitted from week
to week was small, we cannot say ifthe
methods are generalizable to higher-
volume conditions. Reliable delivery
of evidence-based care may require
different interventions when address-
ing low- versus high-volume conditions.

TABLE 1 Survey of Practitioners’ Knowledge About Probiotics and Current or Planned Prescribing

Habits
Before Probiotic After Probiotic P
Education Education Value

| typically treat children with AGE with probiotics. % agreement % agreement

Residents or medical students (n = 30) 0 80 001

Hospital medicine attending physicians (n = 11) 18 63 001
The evidence supports probiotics’ reduction of % correct % correct

diarrhea.

Residents or medical students (n = 30) ] 96 001

Hospital medicine attending physicians (n = 11) 70 100 =001
Probiotics have a dose-dependent efficacy. % correct % correct

Residents or medical students (n = 30) 59 100 001

Hospital medicine attending physicians (m = 11) 70 100 <001
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FIGURE 2

Run chart depicting prescription rate of LGG over time. Annotations denoting timing of designed interventions.

Because the purpose of the project was
to create a framework for evidence-
based practice implementation based
on a target with a solid foundation of
evidence for efficacy with minimal
harm, LGG for use in children with AGE
was an excellent place to start5®

Although no staff were added as a re-
sult of our project, the effort was
relatively great, involving research as-
sistant, physician, and pharmacist time.
In our experience, chart review and
identification and mitigation need not
be conducted by a research assistant.

With the proper training, a resident,
medical student, or administrative as-
sistant would be able to complete the
task with relatively minimal physician
or pharmacist oversight. Our next
steps include further decreasing the
labor required to sustain our system.

Percentage of Patients Requiring E-mail Reminder for LGG

Prescribing

A
\

Percent of eligible patients

L
|1
Fo

\’
/

e 7
Months

FIGURE 3

Run chart of percentage of patients requiring e-mail reminder for prescribing.
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This will include automation of eligible
patient identification using the EMR
and switching to a retrospective review
process, as recent performance has
been sustained with sufficiently mini-
mal need to identify and mitigate (Fig
3), which allowed this effort to be dis-
continued with maintained success.

A second limitation of our study is our
reliance on documentation in the EMR
(eg, diagnosis in problem list) to iden-
tify eligible patients. Chart review has
been shown to improve the positive
predictive value of case identification
using [International Classification of
Diseases, Ninth Revision codes, but still
achieved only an 85% positive pre-
dictive value in 1 study.?* Thus, we may
not have identified all eligible patients.
To limit this as a potential for bias, we
used a single trained reviewer who
used a standardized approach to
identify eligible patients and collect
patient data. Additionally, when the
reviewer was unsure whether to in-
clude or exclude a patient, we used
a consensus process to guard against
misclassification.

The finding of a low baseline pre-
scription rate in the face of extensive
evidence and local recommendation
was somewhat surprising, but this
same practice pattern has been noted
among the international pediatric
gastroenterology community.25 As we
disseminated our education, we dis-
covered a number of barriers that may
have contributed to this phenomenon.
First, we were not able to cite strong
evidence that use of LGG in an inpatient
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Use of Lactobacillus rhamnosus GG in children with acute gastroenteritis

Clinical Question
P (population/problem) In children with acute gastroenteritis (AGE)

I (intervention) is the use of Lactobacillus rhamnosus GG in addition to oral rehydration solution
(ORS)
C (comparison) compared to ORS alone
O (outcome) effective in reducing the duration of diarrhea?
Target Population:

Included: Overall healthy children aged 2 months to 18 years with acute gastroenteritis, with or without fever or
vomiting

(AGE defined as a decrease in the consistency of stools and/or an increase in the frequency of evacuations (> 3/day)
lasting less than 7 days)

Excluded:
e children with underlying chronic diseases (mainly immunocompromised patients, and including debilitated state
or malignancies and chronic conditions that can increase intestinal mucosal permeability)

e premature infants
(Boyle 2006 [3a])

Recommendation

It is recommended to administer Lactobacillus rhamnosus GG (LGG) to children with acute gastroenteritis to reduce

the duration of diarthea, risk of protracted diarthea and duration of hospitalization (Szajewska 2007 [1a], Guarino 2008 [3a],

Local Consensus [3]).

To obtain best efficacy:

- start LGG treatment as soon as possible

- at a dose of at least 10" colony forming units per day (CFU/day)

- for 5 to 7 days

(Szajewska 2007 [1a], Guandalini 2008 [5af, Guarino 2008 [5a].
Note: The criterion for efficacy of LGG for treatment of acute gastroenteritis is the presence of 10 billion CFU. It
is important to determine that the product meets this criterion. One such product readily available locally is
Culturelle capsules; Amerifit, Inc. (the product is gluten free but contains milk proteins). Culturelle for Kids
contains only 1 billion CFU per dose, and other available probiotic products do not contain the LGG organism.
Available in capsules: the contents of the capsules can be dissolved in water for oral administration.

Relevant Cincinnati Children’s Hospital Medical Center (CCHMC) policies / procedures

CCHMC —Evidence-Based Clinical Care Guideline: Acute Gastroenteritis(2006) states that:
It is recommended that probiotics be considered as adjunctive therapy, as they have been shown to reduce the
duration of diarrhea (4llen 2010 [1a]). Family preference may be central to the decision to use probiotics.
Parameters influencing the family’s decision may include cost, degree of potential benefit. availability and
unverified effectiveness of commercial products (CCHMC 2006[5aj).

Discussion/summary of evidence
The grade of the body of evidence supporting this recommendation is high. Although the standard treatment of acute
diarrhea remains to be an oral rehydration solution (ORS), probiotics have gained an important role as adjuvant
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therapy. A large number of trials, including randomized controlled trials (RCTs), and several well-designed meta-
analyses reported that probiotics exert clinically significant antidiarrheal effects. particularly in children.

Though LGG has primarily been studied in preschool children, it has been tested in children older than 5 years and in
adults, with similar results as that for younger children (Szymanski 2006 [2a], Khanna 2005 [2a]). The management of acute
gastroenteritis is the same for older as for younger children, although the prevalence of the condition is much lower
among older children. Considering the available evidence and the safety profile of probiotics, the recommendation
for use of LGG as treatment for acute diarrhea can be generalized to include older children (Zocal Consensus [5a]).

Clinical outcomes

Four meta-analyses have been published on the effect of probiotics in the treatment of acute infectious diarrthea
(Szajewska 2001 [1a], Van Neil 2002 [1a], Huang 2002 [1a], Allen 2010 [1a]). In all these papers, authors compared the effect of
different probiotic strains to oral rehydration in children with AGE: one of the papers included in the analysis of
results some RCTs performed on both pediatric and adults (4llen 2010 [1a]).

Despite the significant heterogeneity between the studies. all meta-analyses demonstrated that probiotics, and
particularly lactobacilli, reduced the duration of an acute diarrheal episode by approximately 1 day. On the other hand,
beneficial effects of probiotics seem to be strain-specific and pooling data on different strains may result in
misleading conclusions.

A recent meta-analysis of RCTs involving 988 children with acute infectious diarthea found that LGG is associated
with a significant reduction in diarrhea duration (7 RCTs. 876 infants: weighted mean difference (WMD) -1.1 days,
95% Confidence Interval (CI): -1.9 to - 0.3). particularly of Rotavirus diarrhea (WMD -2.1 days, 95% CI: -3.6 to -
0.6), risk of diarrhea longer than 7 days (1 RCT. Relative Risk (RR): 0.25, 95% CI: 0.09 to 0.75), and duration of
hospitalization (3 RCTs. number of participants =535, WMD -0.58, 95% CI: -0.8 to -0.4) (Szajewska 2007 [Ia]).

There is only one RCT that reports a head-to-head comparison of the efficacy of the following probiotic strains:
A- LGG
B- Saccharomyces boulardii
C- Bacillus clausii
D- a mixture including L. bulgaricus, S. thermophiles, L. acidophilus and B. bifidum
E- Enterococcus faecium SF68
The authors demonstrated that only A (LGG) and D (the mixture) were effective in reducing duration and severity of

diarrhea (p<0.001) (Canani 2007 [2a]).

Dose-dependent efficacy

An early meta-analysis reported dose-related efficacy for lactobacilli preparations against gastroenteritis (Van Neil 2002
[1a]). A positive linear association between the load of the Lactobacillus dose and the reduction in diarrhea duration
in days has been noted (p<0.01).

This important concept emerged again from a recent review: probiotic efficacy was correlated in a linear fashion with
bacterial load. the minimal effective dose being at least 10x10° CFU/day (Guandalini 2008 [5aj).

In addition, a dose-dependent effect of LGG on the rota viral shedding has been demonstrated. In an open-label RCT
aimed to assess the effectiveness of different Lactobacillus rhamnosus doses on the fecal Rotavirus concentrations in
children with diarrhea, authors compared three groups of patients receiving an high-dose (6x10° CFU). a low-dose
(2x10° CFU) or no probiotic supplementation. After 3 days of treatment only the high-dose group showed a
significant (more than 80%) reduction of fecal Rotavirus concentration from the baseline concentration (p=0.012)
(Fang 2009 [2b]).

In conclusion, LGG is effective in reducing duration of acute diarrhea in children. and its effect depends on the dose
administered and the timing of initiation of the treatment (early treatment is better). The effect is highly significant

among patients with watery diarrhea and viral gastroenteritis, but not among those with invasive bacterial diarrhea.
The effect is more evident among children in developed countries compared with those in developing countries.

Copyright © 2011 Cincinnati Children's Hospital Medical Center; all rights reserved. Page 2 of 6
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Health Benefits, Side Effects and Risks

Health benefits

The health benefits for LGG administration in adjunct to ORS consist of reduction of diarrhea duration, reduction in
risk of having a protracted diarrhea and reduction of duration of hospitalization.

Indirectly, the use of LGG could lead to a reduction of AGE-related costs in term of work days lost by the family and
days of hospitalization: and the routine use of LGG in inpatients and community children with acute diarrhea could
reduce the exposure to nosocomial and daycare infection.

Side Effects

Probiotics are generally regarded as safe, and side effects in ambulatory care have rarely been reported. Bacterial
translocation, sepsis, and the risk of carrying antibiotic resistance plasmids that may spread resistance to anfibiotics
have been reported (Egervan 2007 [4a] Kayser 2003 [4a]). The latter has been reported for some probiotics, such as L.
reuteri ATCC 55730 and Enterococcus faecium but not for LGG.

Risks

The risk for bacteremia and sepsis after LGG ingestion has been reported in some case reports involving infants and
children with severe underlying diseases like short-gut syndrome, prematurity, cerebral palsy or cardiac surgical
diseases: all these children required parenteral nufrition through CVC or jejunostomy feeding. (Boyle 2006 [5aj). No
risks have been reported by using LGG in cohorts of children with AGE involved in clinical trials.
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® Grading a Body of Evidence to Answer a Clinical Question
¢ Judging the Strength of a Recommendation (abbreviated table below)

Table of Evidence Levels (see note above)

Quality level Definition

s grs Systematic review, meta-analysis. or meta-
laf or 1bj . - .

synthesis of multiple studies

2aor2b Best study design for domain
3aor3b Fair study design for domain
4a or 4b Weak study design for domain
5 Other: General review, expert opinion, case
) report, consensus report, or guideline

Ta = good quality study: b = lesser quality study

Table of Recommendation Strength (see note above)

Strength Definition
“Strongly recommended™ There is consensus that benefits clearly outweigh risks and burdens
(or visa-versa for negative recommendations).
“Recommended” There is consensus that benefits are closely balanced with risks and burdens.
No recommendation made There is lack of consensus to direct development of a recommendation.

Dimensions: In determining the strength of a recommendation. the development group makes a considered judgment in a consensus process
that incorporates critically appraised evidence, clinical experience, and other dimensions as listed below.

Grade of the Body of Evidence (see note above)

Safety / Harm

Health benefit to patient (direct benefit)

Burden to patient of adherence to recommendation (cost, hassle, discomfort, pain, motivation, ability to adhere, time)
Cost-effectiveness to healthcare system (balance of cost / savings of resources, staff time, and supplies based on published studies or
onsite analysis)

6. Directness (the extent to which the body of evidence directly answers the clinical question [population/problem, intervention,
comparison, outcome])

Impact on morbidity/mortality or quality of life
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Supporting information

Introductory/background information

Acute gastroenteritis is an extremely common problem in childhood. particularly in the first three years of life. In
developed countries it is usually a mild disease, however, AGE is associated with a substantial number of
hospitalizations and high costs. Dehydration is the main clinical feature and generally reflects disease severity.
Rehydration is the key treatment and drugs are generally not necessary, but could help to reduce duration of diarrhea.
number of evacuations and, consequently dehydration and severity of the disease (Guarino [3a]).

A number of drugs have been proposed as an adjunct to rehydration. A number of probiotic strains have been tested to
date. but proof of efficacy is compelling only for a few. The rationale for the use of probiotics to treat and prevent
diarrheal diseases is based on the assumption that they modify the composition of the colonic microflora and act
against enteric pathogens (Guarino [Saj).

Group/team members

Group/Team Leader
Andrea Lo Vecchio, MD, Resident in Pediatrics. Department of Pediatrics - University of Naples “Federico IT”, Ttaly

Ad hoc reviewers and support personnel
Eloise Clark. MPH, MBA. EBDM Program Administrator, Anderson Center for Health Systems Excellence
Patrick Conway. MD. MSc. Director of Hospital Medicine & EBDM
Wendy Engstrom Gerhardt. MSN. RN-BC. EBDM Program Administrator. Anderson Center for Health Systems

Excellence

Trina Hemmelgarn, Pharm D. Pharmacist
Srikant Iver. MD, MPH, Emergency Department
Betsy List. MPH, RN, EBDM Program Administrator. Anderson Center for Health Systems Excellence
Joshua Schaftzin, MD. Pediatric Hospitalist
Karen Vonderhaar, MS, RN, EBDM Program Administrator, Anderson Center for Health Systems Excellence
Connie Yau. Clinical Research Coordinator, Hospital Medicine

Search strategy

1) Databases: MEDLINE. Cochrane Database of Systematic Reviews
Search Terms: gastroenteritis/tw, gastroenteritis’/MeSH
acute diarrhea/MeSH. acute diarthea/tw
probiotic/tw, probiotics/MeSH
Lactobacillus/tw, Lactobacillus/MeSH
child*
Filters: Publication date: 1980 to present
humans
English language
“all child (0 to 18 years)”
2) Additional articles identified by the author and ad hoc reviewers
3) Additional articles identified from reference lists of reviewed articles

Applicability issues
The recommendations suggested in this BESt have a good applicability in daily clinical practice due to:
- similarity between the population included in the studies and the target population of this BESt
- feasibility of the treatment in the CCHMC clinical setting
- likelihood for a positive cost-benefit ratio for probiotic use in AGE when including hospitalization and
emergency department (ED) readmission rates.

Process measures may include the percentage of hospitalized children with AGE who were administered
Lactobacillus rhamnosus GG (LGGQG).
Qutcome measures may include inpatient length of stay and the number of readmissions to the ED for AGE.
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At CCHMC we will use a rapid Quality Improvement strategy aimed to increase the rate of administration of LGG in
hospitalized preschool children with AGE, with the final objective to reduce the duration of hospitalization and the
rate of readmission to the ED in children with AGE by reducing the duration of diarrhea.

The primary intervention will be education of medical and non-medical personnel working in selected units and
involved in the management of children with AGE (attending physicians, fellows, residents, nurses, and pharmacists,
families).
The mtervention will be focused on the following points:
- education of physicians and nurses to improve the knowledge of evidence for probiotic use in AGE
- interaction with the pharmacy service to ensure availability of LGG in the appropriate formulation for inpatients
- standardization of LGG administration (time, dose. frequency and duration of the therapy)
- education of the family to ensure correct home therapy.

As the baseline value we will use the percentage of children, aged 2 months to 5 years, receiving LGG for treatment

of AGE in the previous 13 months, in the same inpatient units as are used for the intervention. We will assess, with a
weekly measurement during the next 6 months, the variation of the percentage of preschool children receiving LGG

during hospitalization.

Copies of this Best Evidence Statement (BESt) are available online and may be distributed by any organization for the global purpose of

improving child health outcomes. Website address: http:/www.cineinnatichildrens.org/sve/alpha/h/health-policy/ev-based/default. htm

Examples of approved uses of the BESt include the following:

* copies may be provided to anyone involved in the organization’s process for developing and implementing evidence-based care:

+ hyperlinks to the CCHMC website may be placed on the organization’s website;

+ the BESt may be adopted or adapted for use within the organization. provided that CCHMC receives appropriate attribution on all written or
electronic documents: and

* copies may be provided to patients and the clinicians who manage their care.

Notification of CCHMC at HPCEInfo@cchme.org for any BESt adopted. adapted, implemented or hyperlinked by the organization is
appreciated.

For more information about CCHMC Best Evidence Statements and the development process, contact the Anderson Center at: 513-
636-2501 or HPCEInfod@cchme.ore.

Note

This Best Evidence Statement addresses only key points of care for the target population; it is not intended to be a comprehensive
practice guideline. These recommendations result from review of literature and practices current at the time of their formulation. This
Best Evidence Statement does not preclude using care modalities proven efficacious in studies published subsequent to the current
revision of this document. This document is not intended to impose standards of care preventing selective variances from the
recommendations to meet the specific and unique requirements of individual patients. Adherence to this Statement is voluntary. The
clinician in light of the individual circumstances presented by the patient must make the ultimate judgment regarding the priority of
any specific procedure.

Reviewed by two independent reviewers against established criteria.
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CHAPTER 6
E-LEARNING AS A TOOL FOR IMPLEMENTATION
OF CLINICAL PRACTICE GUIDELINES ON ACUTE GASTROENTERITIS

6.1 Rationale of the initiative

E-learning is being explored as a tool for education in medical science with promising results. E-
learning was effective in improving pediatric prescribing skills of junior doctors, and outcomes
were maintained over a 3-month period [1]. Residents, registrars and nurses taking an e-learning
program on pediatric cardiopulmonary resuscitation achieved a significant improvement in basic
and advanced life support techniques [2]. However, the potential use of technology in medical
education and transfer of knowledge to practice is not fully exploited and the impact on patient
outcomes following e-learning courses has yet to be determined [3].

AGE is an ideal candidate condition for CPG implementation through e-learning, due to its huge
burden and broad interest as well as a recognized target for implementation. Recently, the
Federation of the Societies of Pediatric Gastroenterology Hepatology and Nutrition (FISPGHAN)
indicated that e-learning programs are an educational priority and should be exploited to decrease
AGE-related mortality worldwide[4].

We aimed at assessing the impact of an e-learning course on the management of AGE in children
of Europe based on the CPG jointly produced by the European Society for Pediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN)/European Society for Pediatric Infectious
Diseases (ESPID) [5] on knowledge and clinical practice in European pediatricians and general
practitioners.

An e-learning approach, for the dissemination and implementation of CPGs has been designed, to
be tailored to learner-specific needs and a specific project was awarded a grant by UEG within the
monothematic initiatives. The e-learning event, which is the first of a series of ESPGHAN e-learning
initiatives, includes a 2 hour interactive course on the management of gastroenteritis in children of

Europe based on guidelines.

The TEEN-AGE project
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The e-learning course is part of a more structured project, the TEEN-AGE (Tutorial European
Electronic Network on Acute Gastroenteritis) project coordinated by Prof Alfredo Guarino, on
behalf of ESPHGHAN.
The aims of TEEN-AGE are to:
* Provide an e-learning course for dissemination and implementation of ESPGHAN/ESPID
CPGs for AGE addressed to physicians from 15 European Countries
* Provide a tutorship of the learners by experts from each participating Country with the
specific tasks of optimizing the course content, enrolling participants among physicians
working in primary care and hospitals and following them for possible problems or
questions.
* Identify local and individual factors that affect the dissemination and the applicability of the
guidelines.
* Assess the impact of the e-learning course and relating it to local and individual variables by
measuring two main outcomes:
o Variation in knowledge (pre-post intervention)

o Variation in adherence to guidelines (pre-post intervention)

Start-up with the teen-age workshop
The Workshop entitled “Online Strategies for the Implementation of European CPGs in Pediatric
Gastroenterology”, held in Naples on 17-18 September 2012, was the first step of the TEEN-AGE
project.
The workshop, held in Naples, Italy, was aimed at presenting the features of the TEENAGE project
to representatives (Pediatric Gastroenterologists) from 11 European countries that will act as local
tutors. The topics were:

v’ training in guidelines implementation and e-learning methodology

v’ contents of the e-learning intervention that will be offered in each country

v’ target of the intervention and modes of enrollment

v' measuring the outcomes of the intervention

Target of the intervention and modes of enroliment
Participants to the workshop were introduced to the procedures of enrollment of the study

population (i.e., the participants to the e-learning course).The participants (final users) enrolled in
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the project are called “teenagers”, from the acronym of the project. The “teenagers” are
physicians (both pediatricians and general practitioners) working with in- and out- patients who
are expected to take the e-learning course and to undergo a pre- and post- course evaluation.

About 30 “teenagers” will be enrolled by each tutor. Taking part to the project, “teenagers” will
receive 2 EAACME credits, the certification of e-learning course attendance and a limited free

access to the online version of Journal of Pediatric Gastroenterology and Nutrition.

Measuring the outcomes of the intervention

a. Knowledge outcomes
Pre- and post- e-learning course multiple-choice questionnaires have been tested by the
tutors. The modifications were introduced in both the questionnaires and the course
structure.

b. Clinical practice outcomes
A database for data entering clinical cases before (baseline) and after the e-learning course
cases was provided to each tutor. Two slightly different databases have been realized, for
inpatients and outpatients. Inpatients are defined as patients managed in a hospital, no

matter if emergency room, emergency department or regularly admitted patients.

6.2 E-learning instrument and methodology

Study design

This study was a pre/post single-arm intervention study. The experimental phase was carried out
from May 20th to September 30th, 2013. However, the entire project, including the e-learning
course design and production, and the dataset analysis, required about 14 months (September

2012 to November 2013).

Participants

A total of 415 physicians from 11 European countries were invited to participate in the study. A
tutor for each country was identified from among the members of the Scientific Committee of the
Tutorial European Electronic Network on Acute Gastroenteritis (TEEN-AGE) project, in order to
assist physicians in the recruitment process and resolve technical problems technical problems

related to the United European Gastroenterology (UEG) website. Each tutor was asked to identify
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at least 25 physicians from his/her country to be invited to participate. To obtain a randomly
enrolled sample from each country and to minimize selection bias, participating physicians were
identified through regional and national databases or through national scientific societies.

No specific inclusion criteria were applied beyond the comprehension of English and the ability to

use a computer.

E-learning course design and production

The e-learning course included five learning modules addressing the five key areas of AGE
management based on ESPGHAN/ESPID guidelines: 1) Introduction and definitions, 2) Clinical
assessment and management, 3) Oral rehydration and active treatment, 4) Other treatments, and
5) Treatment of inpatients. All of the learning materials (video, slides, evaluation questionnaires,
figures, web references, checklists) were reviewed and approved by the Scientific Committee of
the TEEN-AGE initiative for content and format. The course is freely available, in English, and only
requires the physician to register online (http://www.e-learning.ueg.eu/courses/course-

summary.html?eprs%5Br%5D=14756)20.

Intervention

After registering on the UEG website, each participant received a personal code to access the
section containing the e-learning course and the patient data portal.

All participating physicians were asked to provide their personal profile information (age, country,
languages spoken, previous experience with e-learning) and other information about their practice
(specialty, years of activity, inpatient/outpatient work setting). They completed a baseline and
post-course questionnaire measuring their knowledge of AGE and its treatment, which included
guestions from a large pool of calibrated items.

At baseline, each physician also reported on his/her case management of 3 to 5 consecutive
patients <5 years of age and referred for AGE, defined as a decrease in the consistency of stools
(loose or liquid) and/or an increase in the frequency of evacuations (>3 in 24 hours) with or
without fever or vomiting. Each learner recorded clinical case information at the end of the child’s
visit or, for inpatients, at the time of discharge. These cases were entered in an anonymous
electronic Case Report Form (CRF). The CRF included 5 domains: child and family data, clinical

features, home management, reasons for admission, and hospital management. Additionally, any
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underlying chronic conditions and/or concomitant acute illnesses were recorded in the CRF to aid
in the interpretation of outcomes according to case-specific risk factors.

After completing the baseline phase, physicians had one month to view the five learning modules.
Subsequently, they were asked to load information on another 3 to 5 consecutive cases of AGE

using the same CRF. The post-course test of knowledge was the final measure.

Definition of inappropriate interventions

Inappropriate interventions in the management of AGE were identified by comparing the reported
medical interventions, including prescriptions and procedures, with the CPG recommendations in
each of the following domains: evaluation of the main signs/symptoms, concordance between the
objective assessment of dehydration and the physician’s estimate, nutritional interventions,
requests for blood tests, rehydration route, prescription of microbiological investigations, and
prescription of probiotics, antiemetics, antibiotics, and other anti-diarrheal drugs. The same
methodology for the assessment of the appropriateness of medical interventions has been used in
a previous publication [6].

Inappropriate interventions were divided into major and minor violations. A major violation was
defined as a) an active medical intervention not included in CPG recommendations that might
negatively affect the course of the disease and/or might be associated with unnecessary costs, or
b) any violation to “high grade” recommendations in the guidelines (CPG recommendations
supported by level | or Il evidence according to the Muir-Gray score). A minor violation was
defined as a) an intervention that did not substantially change the outcome but was generally
considered inappropriate, or b) any violation to “low grade” recommendations in the referral
guidelines (level Ill, IV, and V evidence according to Muir-Gray).

To produce a quantitative estimate of adherence to the AGE CPG in this study, any major violation
reduced the overall adherence by 10% and any minor violation by 5%; the final percentage score
was calculated by summing the results reported for each domain, with a maximum of 100%.
Scores 290% were considered full adherence.

Primary outcomes of the e-learning intervention were the proportion of participants whose
medical interventions were fully adherent to guidelines and the scores on the knowledge
guestionnaires (number of correct answers out of a total of 15 questions). The amount of time
taken to complete the knowledge test was also recorded in the e-learning platform as indirect

proof of improved knowledge.
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Ethical considerations
The study was approved by the Education Committee of ESPGHAN and conducted with the
technical partnership of the UEG as part of the TEEN-AGE initiative. All participants signed written

informed consent forms.

Statistical analysis

Statistical analyses were performed in the statistical computing environment R (version 3.0.1; R
Foundation for Statistical Computing, Vienna, Austria). Data for continuous variables are
expressed as means + SD. Data for categorical variables are presented as frequencies and
percentages. Pre- and post-course differences in the theoretical knowledge of CPG
recommendations and average adherence scores were evaluated using the Wilcoxon signed-rank
test for paired samples. To examine the impact of physician- and patient-related factors on
adherence, a two-level random intercept multilevel logistic regression analysis (MLRA) was used to
account for the clustering of AGE cases among physicians. MLRA was conducted separately for the
pre-education patient group (PreEG) and post-education patient group (PostEG) data to
investigate whether factors associated with non-adherence to CPG prior to the e-learning course
were consistent with inappropriate interventions after the course. Adjusted odds ratios and
corresponding 95% confidence intervals were obtained using the MLR method.

All tests were two-tailed, and p values <0.05 were considered significant.

6.3 Results of the implementation of the ESPGHAN e-learning course on acute gastroenteritis

A total of 149 physicians registered for the e-learning course; ninety physicians (60%) did not
complete all the modules by the established deadline. Fifty-nine (40%) of the enrolled physicians
(45 females, median age 40 years, range 26—-—59) completed the course (Figure 1); their baseline

characteristics are shown in Table 1.

Figure 6. 1. Flowchart
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Participants were from Slovenia (12); Greece (11); the Netherlands (9); Portugal, Romania, and
Russia (5 each); Turkey and Italy (3 each); and Poland, Belgium, and Germany (2 each). No
differences in age, gender, years of practice, setting of practice, previous experience with e-
learning, or previous knowledge of CPG were observed between the physicians who completed

the course and those who did not.

Table 6. 1.Baseline characteristics of the enrolled physicians

Characteristic n/N (%)
Mean age (mean % SD) in years 39.5+7.57
M/F 14/45 (24%)

Years of practice
<10 years 27/59 (46%)
>10 years 32/59 (54%)
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Setting

Inpatient 39/59 (66%)

Outpatient 20/59 (34%)

Previous experience with e-learning 32/59 (54%)

Previous knowledge of guidelines 34/59 (57%)

The data of 545 children with AGE (249 females; median age 21 months, range 1-60) were
registered by the participants, 281 before (PreEG, 51%) and 264 after taking the course (PostEG,
49%). Three hundred and forty-eight patients (64%) were managed in a hospital setting, and 197
(36%) were treated in an outpatient setting. A total of 25 out of 545 children (5%) presented with
severe dehydration according to physician estimates. Specific clinical characteristics of the children

reported on in the PreEG and PostEG assessments are shown in Table 6.2.

Table 6. 2. Characteristics of the children with AGE registered as clinical cases.

PreEG PostEG

n=281 n=264 P

n/N (%) n/N (%)
M/F 152/129 144/120 1
Mean age + SD (months) 23.04+15.46  23.38+16.24 0.98
Weight-for-age (mean + SD) 0.03+0.9 0.029 £ 0.092 1
Inpatients 184/281 (65)  164/264 (62) 0.423
Outpatients 97/281 (35) 100/264 (38) 0.423
Chronic underlying disease 20/281 (7) 25/264 (9) 0.352
Concomitant acute illness 35/281 (12) 32/264 (12) 0.054
ORS at home 128/281 (46) 148/264 (56) 0.0164
Children with severe dehydration 13/281 (5) 12/264(5) 0.2860

Pre-EG = pre-education group; PostEG = post-education group; ORS = oral rehydration solution
Knowledge about the CPG on AGE treatment increased after the e-learning course, based on the
scores on the 15-question knowledge test before (8.6 + 2.7 points) and the course (12.8 + 2.1
points, P <0.001). The response time also decreased after the course (878 + 503 versus 579 + 379
seconds, P <0.001) for the 59 physicians who completed the study (Figure 6. 2).
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Figure 6. 2. Impact of e-learning on knowledge about the management of acute gastroenteritis in
children before (Pre) and after the e-learning intervention (Post): A) learners’ scores, and B) time

to complete the 15-question evaluation tests (as recorded by the e-learning platform).

The proportion of patients managed in full adherence with the guidelines (i.e., no inappropriate
interventions or only one minor violation) increased from 33.6 + 31.7% to 43.9 + 36.1% (P = 0.037).

Similarly, the average adherence rate increased from 87.0 £ 7.7% to 90.6 + 7.1% (P = 0.001) (Figure

6. 3).
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Figure 6. 3. Adherence to clinical practice guidelines for acute gastroenteritis in 545 children <5

years managed before (Pre) and after (Post) the e-learning implementation intervention: A)
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average adherence percentage score, and B) proportion of patients managed in full adherence

with the guidelines.

The mean proportion of patients who received inappropriate interventions in each domain was
calculated. The most common violations to the CPG were orders for stool cultures in the absence
of appropriate indications. Unnecessary dietary changes and inconsistent estimates of
dehydration compared to objective parameters were also frequently observed. As shown in Figure
6.4, the e-learning course reduced inappropriate interventions in all of these domains. We also
observed a non-significant trend toward a reduction in inappropriate nutritional interventions (P =
0.055). In all, 22% of patients were inappropriately admitted to the hospital at PreEG, compared to
15% at PostEG (P = 0.200) patients. The proportion of hospitalized children with >5% weight gain
at discharge was only 25% in the PreEG and 26.5% in the PostEG (P = 0.841), which indicates that
few children with at least a moderate degree of dehydration were hospitalized and that this

proportion did not change after the e-learning course.
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interventions rehydration regime  dehydration

Assessmentof  Anti-diarrheal
dehydration drugs

Stool cultures Probiotics Antiemetics Antibiotics Blood tests

Figure 6. 4. Changes in inappropriate interventions for acute gastroenteritis in children <5 years

managed before (Pre) and after (Post) e-learning.
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The MLRA model is shown in Table 6. 3. We assessed the link between specific physician- and
patient-related factors and discrepancies with the guideline recommendations. We also
investigated whether these factors were still associated with inappropriate interventions after the
course. Physicians who had previous knowledge of the guidelines were more likely to adhere to
the CPG (OR = 0.29; 95% CI [0.10 to 0.86]; P = 0.026) before the course. However, the e-learning
course bridged the gap between those who already knew the CPG and those who did not (OR =
1.92; 95% CI [0.58 to 6.37]; P = 0.289) by the end of the course. In terms of clinical characteristics,
children in the PreEG with bloody diarrhea (OR = 5.75 95% CI [1.39 to 23.89]; P = 0.016) or
abdominal pain (OR = 1.88; 95% ClI [1.1 to 3.24]; P = 0.02) were more likely to receive
inappropriate interventions at baseline (OR = 1.9; 95% Cl [0.46 to 7.84], P = 0.37), but this
increased risk disappeared after the course (OR = 0.61; 95% Cl [0.251 to 0.49], P = 0.279). In
contrast, frequent vomiting episodes (>5/day) remained associated with inappropriate
management before (OR = 4.07; 95% Cl [1.39 to 11.89]; P=0.01) and after the course (OR = 5.22;
95% Cl [1.64 to 16.69]; P=0.005). Chronic diseases were a protective factor against non-adherence

only in the PreEG group (OR =0.24; 95% CI [0.07 to 0.86]; P=0.028).

Table 6. 3. MLRA model for the estimate of the risk of imperfect adherence
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Physician characteristics

Gender (F vs. M)

Age (Years)

Previous experience with e-learning
Years of activity (>10 vs. <10)
Specialty (Paediatrician vs. GP)
Setting (Outpatient vs Inpatient)
Previous knowledge of CPG

Patients characteristics
Gender (F vs M)
Age (Months)
Chronic disease (Yes vs. No)
Concomitant acute illness (Yes vs. No)
Episodes of vomiting

3to5vs. <3

>5vs. <3
Abdominal pain (Yes vs. No)
Diuresis (Decreased vs. Normal)
Duration of symptoms (Days)
Stool output

3to5vs. <3

>5vs. <3

Bloody diarrhoea (Yes vs. No)

PreEG

0dds Ratio [95% CI]

0.7 [0.23 t0 2.59]
1.04[0.95 to 1.15]
1.26[0.44 10 3.62]
0.62[0.16 t0 2.33]
1.01[0.17 t0 6.05]
056 [0.18 to 1.81]
0.2910.10 to 0.86]

110058 to2.11]
1.00[0.97 to 1.02]
0.24 [0.07 to 0.86]
120043 t03.35]

120052 t0 2.74]
407139 to 11.89]
1.88 [1.10 to0 3.24]
083 [0.37 to 1.86]
L13[0.92 0 1.37]

096037t 2.54]

136[0.50 t0 3.75]
5,75 139 t0 23.89]
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P

0.674
0.404
0.670
0477
0.992
0335
0.026

0.765
0.844
0.028
0.725

0.668
0.010
0.022
0.651
0.240

0.942
0.548
0.016

PostEG

Odds Ratio [95% CI]

0.60 [0.15 0 241
1.02[0.90to 1.14
1.67[0.50 to 5.62
021[0.04t0 1.12
1.73[0.190 16.23]
031[0.08 to 1.18]
1.920.58 t0 6.37]

]
]
]
]

0.88 [0.43 to 1.8]
1.01[0.98 to 1.03]
092022 t0 3.82]
1.5 [0.48 to 5.05]

044[0.17to 1.14]
5.22 164 to 16.69]
0.61[0.25 to 1.49]
0.68 [0.27 to 1.69]
114091 to 1.43]

2.00[0.71 to 5.66]
0.79 [0.25 to 2.48]
1.90 [046 10 7.84]

p

0472
0.776
0.406
0.068
0.630
0.086
0.289

0.728
0.660
0911
0.465

0.092
0.005
0279
0.403
0.248

0.191
0.688
0377



6.4 Discussion

E-learning is a promising strategy to improve practice, due to its universal availability,
asynchronous accessibility, interactivity, presence of implementation tools (such as checklists, web
references, etc.), and the low costs for the learner [7, 8]. However, there is no proof of its efficacy
in improving clinical practice. Many studies used surrogate outcomes to predict such changes,
such as drug and test prescriptions [1], simulations of resuscitation procedures [2] and structured
clinical examination tests [9].

We demonstrated the efficacy of an e-learning educational intervention on AGE on knowledge but
also its direct impact on clinical practice. The e-learning course increased the theoretical
knowledge about appropriate interventions as judged by the questionnaire. This was supported by
the rates of correct answers but also the reduced time to fill it. Translated into clinical practice,
better knowledge is supposed to reduce the “time to effective interventions”, an added value in
the physician’s daily work.

The overall adherence to CPG also significantly improved, as judged by both average adherence
and mean proportion of children managed according to recommendations. However, we not only
investigated the specific gaps and the criticalities in the application of evidence-based practice in
pediatric AGE, but also evaluated their determinants through a specifically developed logistic
regression model and examined the role of both physicians’ and patients’ features. Logistic
regression showed that the e-learning course filled the gap between physicians who had a
previous knowledge of CPG and those who did not, which certainly is a major result. According to
this model, the presence of abdominal pain and bloody diarrhea were major determinants of non-
adherence before the e-learning intervention, but this was changed after the course, indicating
that the intervention reduced mismanagement triggered by clinically alarming signs.

We investigated the possible different domains of inappropriate interventions and measured the
effectiveness of the medical practice in specific areas. Notably, when comparing the PreEG and the
PostEG, a decrease of the violations was observed in all the domains. The e-learning education
was highly effective in reducing inappropriate requests for microbiological investigations (i.e. stool
cultures), which in our observation were prescribed in about one fourth of the children, with a

higher proportion in hospitalized patients. The e-learning course also reduced dietary changes,
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improved the estimate of the dehydration degree, decreased the use of not recommended strains
of probiotics and the inappropriate use of antiemetics and antibiotics.

However, selected clinical features, such as frequent vomiting, often induce unnecessary
interventions as they are perceived as worrying, and the intervention did not change this trend.
Although this was an exception with the successful impact of e-learning, mismanagement of
vomiting associated with the non-recommendation of antiemetics increased in the post-course.
We found that a decreased diuresis was a risk factor for violations in the estimate of dehydration,
probably due to overestimation. This finding probably represents a bias, because diuresis was not
included in the parameters considered by the validated scoring systems (clinical dehydration scale
and Gorelick score) [10, 11] but still is an important sign of dehydration. On the contrary, trained
physicians were more likely to correctly rehydrate a child in presence of reduced urine output,
probably due to a better awareness of the importance of this sign.

Our study had some limitations. The country distribution of participating physicians was scattered
and affected by the drop-off of the enrolled trainees. Moreover, we did not consider in- and
outpatients separately, but evaluated inappropriate interventions according to the setting to
increase the statistical power of the observations. In conclusion, our study provides the first
demonstration that e-learning is effective not only in improving knowledge about CPG, but also in
increasing the consistency of clinical interventions with those recommended. These successful
results have led ESPGHAN to implement its e-learning program and to use e-learning for education

and training at European level.

6.5 Spreading the e-learning initiative to developing countries: the FISPGHAN working group on

acute diarrhea

The FISPGHAN Working Group on Acute Diarrhea identified in 2012 the top priorities in medical
intervention, education, and research that may reduce the burden of acute diarrhea in children
worldwide and published its report in JPGN [4]. The aim of this WG is to identify, design and
promote practical interventions related to each of the 3 fields (medical intervention, education
and research) that may help to reach the priorities indicated in the 2012 report.

This WG will be active until the next World Congress and present what we will be able to achieve

in the 2016 World Congress.
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CHAPTER 7
QUALITY CARE IMPROVEMENT TO REDUCE INFECTIONS
IN CHILDREN WITH LEUKEMIA

7.1 Introduction and rationale

Infections are a major cause of morbidity and mortality in children with acute leukemia being
more frequent and severe than in other at-risk populations. The threat to patient’s health and life
is related either to the infection as such or to the consequence that each episode may have on the
children’s’ underlying condition: interruption or delay of chemotherapy, prolonged hospitalization,
risk of nosocomial infections or malnutrition (1). In turn, the risk of infection is related to patient’s
age and its main diagnosis, phase and characteristics of chemotherapy, absolute neutrophil count
and antibiotic prophylaxis and therapy (2, 3, 4, 5, 6).

Bloodstream infections are serious events and cause a prolongation of hospital stay, increased
costs and high risk of mortality. Central line-associated blood stream infection (CLABSI) rate in at-
risk children varies between 0.7 and 7.4 episodes per 1000 central-line days, according to different
studies (7)(8)(9)(10). However, the risk of infection significantly changes in relation to the main
diagnosis, underlying patient conditions and duration of central line (7)(8). Children with acute
leukemia and children undergoing bone marrow transplantation show higher infection rates when
compared to children affected by other hematologic illnesses or solid tumors (8).

In studies on central-line related complications in European children with acute leukemia,
infection rates ranged from 1.4 to 5.4/1,000 catheter days according to the central line
characteristics (11). Other factors that further raise the risk of CLABSI in children with leukemia
include blood product transfusion, parenteral nutrition and young age.

Implementation of adequate hygiene measures, appropriate management of medical devices
(central line), and prevention of exposure to infections may significantly reduce the infection rate
(10)(12)(13). These procedures have been reviewed by the Healthcare Infection Control Practices
Advisory Committee of the Center for Disease Control and Prevention’s (CDC/HIPAC) that updated
the Guidelines for the Prevention of Intravascular Catheter- Related Infections (14).

Previous studies tested the efficacy of multifaceted interventions to reduce the occurrence of

infections, and particularly CLABSI, in at risk patients such as adults and children admitted to
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intensive care units (15)(16). Limited evidence supports effective approach to reduce the

incidence of CLABSI in this vulnerable population (7)(8).

This quality care improvement study was aimed at reducing CLABSI rate in children with acute
leukemia through a multifaceted approach based on the application of best clinical/nursing
practices, central-line care bundles and direct family involvement and training. We report the
results obtained in the first 3 years of activity, according to the Standards for Quality Improvement

Reporting Excellence (SQUIRE) (17).

7.2 Methodology

Study design and team building

This project originated from the collaboration between the Pediatric Infectious Diseases Unit of
the University of Naples Federico Il and the Pediatric Hemato-Oncology Unit (PHO) of the
Santobono-Pausilipon Children’s Hospital in Naples, Italy.

A combined multidisciplinary team was created, which included pediatricians with expertise in
infectious diseases and onco-hematology, a pediatrician with specific knowledge in quality-care

improvement methodology and microbiologists, surgeons and nurses.

Setting and population

Santobono-Pausilipon Children’s Hospital is the largest pediatric medical center located in the
South of Italy, with over 35000 pediatric admissions in 2013. It is a major center for children with
leukemia, with about 350 children in follow-up and about 40 new diagnosis of acute leukemia per
year. The average daily census is 14 patients admitted in the PHO ward and 30 patients under the
day hospital unit.

This quality improvement project started in April 2011 focusing on the pediatric inpatient and the
day-hospital units. Children aged 2 months to 18 years admitted to the PHO unit with acute
leukemia (either lymphoblastic or myeloid) were considered for inclusion. Patients managed in the
same unit for other diseases or patients undergoing Bone Marrow Transplantation (BMT) were
excluded because of a different risk of infection and/or managed in a specific unit. However, all
educational interventions and evidence-based procedures were disseminated to the entire health-

care personnel irrespective of unit affiliation.
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All patients underwent chemotherapy according to the specific diagnosis and risk level according
to the protocols of the Italian Association of Pediatric Hematology and Oncology (AIEOP) (REF). All
children with fever were started on empiric antibiotic association of third-generation
cephalosporin and amikacin according to the AIEOP 2004 protocol (18); if fever (and/or signs of
inflammation) persisted more than 3 days, a second line antibiotic therapy and/or antiviral and
antimycotic agents were introduced as additional empiric treatment unless microbiological
investigations or imaging did not yield a specific diagnosis. A specific antimicrobial therapy was
started as soon as evidence of a specific agent and its antimicrobial-resistance profile were

available.

Intervention planning
We designed a 3-years biphasic intervention study including a first retrospective phase (1 year)

and a secondary prospective intervention phase (2 years).

Retrospective phase

The first observational phase was aimed at reviewing the existing procedures for prevention and
management of infections, monitoring nurse procedures and specifically look at the management
of central line. In this phase, we analyzed the baseline incidence of infections in the 12 months
before starting the implementation program.

The baseline infection rates were calculated by manual-chart reviewing of eligible patients
admitted at the PHO between April 2011 and March 2012 because of fever defined by a body
temperature >38.5°C in one measurement or by body temperature >38°C in two consecutive
measurement within 1 hour. CLABSI rate was calculated according to the Center for Disease
Control definition (19) by using a standardized case registration form. This included patient data,
diagnosis and disease risk, presence, location and type of CVC, fever (and other symptoms) onset
and duration, hospital stay, blood tests at symptoms onset, organisms isolated from blood
cultures, treatment and clinical outcomes. Pre-intervention data were used to define the baseline
and set up appropriate interventions to reach the goal.

The team members met regularly for three months to set up the study protocol, practice
interventions and expected effects according to the CDC and the National Association of Children's

Hospitals and Related Institutions (NACHRI) Quality Transformation Efforts (16).
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Prospective intervention phase

Based on the retrospective analysis, the team developed a SMART aim that was Specific,
Measureable, Actionable, Relevant, and Time-bound (20) to reduce by at least 30% the infection
rate in children with leukemia. In details, the intervention phase was aimed at identifying specific
key drivers and developing the interventions to reduce CLABSI in the target population.

Post intervention data were obtained through a daily scan of patients and manual chart review of
eligible patients admitted in two years (March 2012 and March 2014). A research nurse trained in
data collection and interpretation, reviewed the list of hospital patients each weekday. On
Monday morning, the research nurse would also review patients admitted during the weekend.
Once a patient had been identified, the research nurse noted whether the patient met the
inclusion criteria for the Ql project.

The group met regularly to discuss infection rates, systematically review new events and discuss
interventions and barriers to local implementation according to the Plan-Do-Study-Act (PDSA)

cycle (20).

The interventions were grouped in 5 different main domains (Table 7. 1) and all were tested in
two medical units (PHO ward and day-hospital service) and adapted as needed:

1) Hygiene measure and management of central line

A bundle including interventions for maintenance of central venous catheters (CVC) was
introduced. Maximal sterile barrier precautions were reviewed and their application was routinely
checked. A dedicated nurse was responsible of daily evaluation of the catheter insertion site. Hand
hygiene measures were reviewed; dispensers with alcohol-containing preparations were placed in
each room at patient’s bed. In addition, parents were directly involved in hand hygiene measure
control. Chlorhexidine replaced povidone-iodine for CVC placement and maintenance, based on
strong evidence (21).

Disinfection products consumption was monitored monthly. The ratio between the number of
alcohol-containing solutions and chlorhexidine and the at-risk patients days, was used as process
measure.

2) Health-care personnel education and training

A research nurse (RN) was specifically dedicated to infection control and procedure and events

monitoring.
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A 3-day course was specifically organized for nurses focusing on the procedures for intravascular
catheters insertion and maintenance and on control measures to prevent CVC-related infections.
The project was also presented to members of the medical and nursing staff of other units.

3) Family education and direct involvement

Since children with leukemia maintain a central line for about 2 years and spend at home the
majority of this time, we directly involved parents in the management of central lines. A specific
educational program was provided to the parents of all children with a new diagnosis of acute
leukemia to instruct them about the infection prevention measures and the care of central lines. A
training course on the management of central lines was delivered by a dedicated nurse to all
families. The training lasted about 2 months according to parent’s autonomy and self-confidence
and included 7 to 9 practical sessions on both mannequins and children with the assistance of a
dedicated nurse. A video clip illustrating the procedures for asepsis and complete medication of
CVC in children was specifically produced and provided to all families taking part to the training.
This educational tool gave them the opportunity to view the procedures every time they want.
Subsequently, the training was extended also to all families of children already managed at PHO.

In addition, parents were specifically instructed to check health care personnel compliance with
standard of practice also in other settings throughout the hospital (units other than PHO, such as
radiology).

4) Feedback on Performance

Nurse performance was continuously monitored by the RN involved in the project. Determination
of CLABSI events was made by personnel independent from the clinical team. An up-to-date
infection rate was displayed graphically in the medical and nursing break rooms. Single infectious
events were discussed with infectious diseases specialists and root cause analysis process began as
soon as blood culture yielded positive results.

5) Interaction with the microbiology unit and the pharmacy

A revised protocol for blood culture sampling, including 3 blood cultures (at least one from
peripheral vein) in the first hour after fever onset and before starting antibiotic empiric treatment
was introduced in May 2012.

In parallel to the family educational program, medical kits for central-line medication were

distributed to families to care they children at home.

Table 7. 1. Interventions composing the bundle according to the respective key-drivers
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KEY DRIVERS

INTERVENTIONS

Hygiene measures
and management
of central-line

Review and application of maximal sterile barrier precautions
Promotion of hand hygiene

Alcohol-containing preparation dispenser at patients’ bed

Use of chlorhexidine for central-line placement and management
Use of recommended insertion-site dressing practices

Removal of central lines when no longer needed

Visual Score to assess the CVC exit site

Checklist for CVC daily management

Checklist to record single infectious events

Health-care
personnel
education and
training

Continuous education of health-care personnel involved in the study
Training course for nurses

Production of local protocol for CVC management

Dissemination of the local protocol to other units having contacts with
CVC (eg. Radiology)

Checklist for surgical CVC placement

Registered nurse dedicated to infection control

Family education

Educational program for families on the role and importance of CVC
Nurse dedicated to family training
Practical training for parents with simulator

and direct
) Educational tools (booklet and CD-rom) for parents
involvement ) . . . o
Direct parents involvement in personnel hand-washing monitoring
Monitoring of nurses activities
Health care Monitoring of antiseptic and chlorhexidine consumption
personnel Daily measurement of feverish episodes and CLABSI and monthly
feedback and reporting of rates
performance Sharing of infection monitoring results

Interaction with
microbiology unit
and pharmacy

Optimization in blood culture sampling strategies.
Replacement of povidone-iodine with chlorhexidine
Medical kits for CVC medication and management

Outcome measures

CLABSI rate/1000 catheter days in children with acute leukemia were considered as primary

outcome. However, also the episodes of fever/1000 at-risk patient days were calculated to study

the impact of interventions on the overall incidence of infections.
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Central line days and patient-day denominator data were obtained by measuring the number of
children with leukemia, with or without central line, present in the unit at the same time each day,
as recommended by the Center for Disease Control and Prevention recommendations (14)(19).
According to CDC recommendation (19), each patient with a central line contributed only 1 central
line day even if the patient had more than 1 central line.

The efficacy of family training program was specifically assessed by measuring CLABSI infection
rate by dividing the study population in three subgroups according to the level of training received
by the family at the date of infectious episode onset.

The duration of fever, the length of hospital stay and the need of a shift from first-line antibiotic

treatment were considered as secondary outcomes.

Statistical analysis

The research nurse recorded data and created run charts using Microsoft Excel®. Control charts
display data in a timed sequence and help detecting trends and their specific causes of variations
(20)(22). Data were updated monthly to reflect the infections rates. The mean rates were
calculated based on the first 12 months of observation. Chi-square test was used to compare the
prevalence of infection in different groups. Continuous variables during the three years of
observation were analyzed by ANOVA test. Cumulative CLABSI rate with 95%Cl was calculated to
compare the infection rate in subgroups of children managed by families according to the level of

education.

Human Subject Protection

The Santobono-Pausilipon Children’s Hospital institutional review board reviewed the project and
considered it to be a local quality improvement initiative rather than a research involving human
subjects. Informed consent beyond the standard consent for treatment for all inpatients was not

required.

7.3 Results of the implementation program

In three years of observation, 118 children received a diagnosis of acute leukemia at the
Santobono-Pausilipon Children’s Hospital and 71 of them were admitted to the PHO unit because

of fever. Of them 56 patients (78.8 %) had ALL, and 15 patients (21.2 %) had AML. Of ALL patients,
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19/56 children (34%) had a diagnosis of high risk ALL and 12/56 (21.4%) presented a relapse; all
these children (n=31) were grouped together and classified as high risk ALL (ALL-HR).

The median age at first fever episodes was 67 months (IQR 49-138).

In the study period, 146 infectious episodes of fever were observed and their distribution was at
least in part affected by the underlying condition: 29 episodes occurred in the 25 children with
ALL, 77 in the 31 children with ALL-HR and 40 episodes in the 15 children with a diagnosis of AML
(p= 0.04). Fifty-five of these 146 (37.6%) episodes were classified as CLABSI: 37 (67%) in children

with ALL and 18 (32%) in children with AML.

The characteristics of the study population and infectious episodes are shown in Table 7. 2.

Table 7. 2.General characteristics of patients (A) and infectious episodes (B).

ALL ALL-HR AML Total p

A. General characteristics
Number of children 25 (35) 31 (44) 15 (21) 71 NA
Gender (M/F) 14/11 18/13 5/10 37/34 0.25
Age at the first episode (months)® 55.5(29.7) 91(110) 138(141) 69(98.2) 0.035
Central line at first episode of fever
Hickman-Broviac 19 24 15 58

0.20
Groshong 5 7 0 12
No central line 1 0 0 1
B. Episodes of fever
Number of feverish episodes/patient* 1.1240.32 | 2.48+1.83 | 2.67+1.4 2.05 0.0001
Children presenting only 1 episode (%) 22 (58) 12 (31.5) 4 (10.5) 38
Children presenting 2 episodes (%) 3 (20) 10 (66.6) 2 (13.3) 15 0.0001
Children presenting =3 episodes (%) 0(0) 9 (50) 9 (50) 18
Episodes of CLABSI
Number of CLABSI/patient* 0.38+0.49 | 0.88+1.00 | 1.13+0.99 | 0.76%0.92 0.02
Children with no CLABSI (%) 16 (45.7) 14 (40) 5(14.3) 35
Children presenting only 1 CLABSI (%) 9 (37.5) 11 (45.8) 4 (16.6) 24 0.02
Children presenting > 2 CLABSI (%) 0 (0) 6 (50) 6 (50) 12
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§ Age reported as median and interquartile range (IQR), * Number of infectious episodes reported

as meanxSD, CLABSI: Central-line associated blood stream infection

The mean number of episodes per patient was higher in children with ALL-HR and AML than in
children with ALL (p=0.0001, Table 2). Also the risk of presenting 2 or more episodes of fever in the
study period was higher in ALL-HR and AML groups if compared with standard risk ALL (p=0.0001,
Table 7. 2).

The mean duration of fever and hospitalization was 4.89+2.6 and 17.64+11.9 days, respectively,
with no significant variations between the three groups of diagnosis and the year of observation

(Table 7. 3).

Table 7. 3. Secondary outcome measures and process measures during the study period

Outcome and process measures 1 year 2 year 3 year p

Number of children undergoing a change 28/54
10/49 (20) | 8/43(18.6) 0.01
from first-line antibiotic therapy (n, %) (51.9)

Duration of hospitalization (meanzSD) 19.35+12.2 | 17.36£10.9 | 19.9+12.4 0.54

Duration of fever (meanSD) 4.1+3.1 4.4812.6 5.4+7.3 0.38

Mean number of chlorhexidine
13.14+7.27 | 32.1345.22 | 34.50+1.77 | <0.0001
bottles/month

Mean number of alcohol-containing
14.43+4.50 | 17.88+2.23 | 16.75+1.75 0.03
preparations

Overall infection rates

Based on the rates observed in the baseline, the team developed a SMART aim to reduce by at
least 30% the infection rate in children with leukemia. More specifically, the SMART aim was to
decrease the rate of episodes of fever from 24/1000 patient at-risk days to less than 15 and the
rate of CLABSI from 10/1000 CVC days to 6 within 1 year after intervention.

A progressive significant reduction in the rate of fever episodes was obtained during the three

years of observation (Figure 7. 1).

169



The retrospective analysis showed a rate of 24.1/1000 at-risk patient days (95%Cl 16.3 to 28.0),
which decreased to 17/1000 (95%Cl 13.9 to 24.2, p=0.07) in the first year and then to 14.5/1000
(95%Cl 10.5 to 19.1, p=0.01) in the second year of intervention.

Figure 7.1. Overall infection rate (grey) and CLABSI rate (black) over the 3 yeas of observation.
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An overall reduction by 41% in the rate of fever episodes was observed at the end of observation.
Forty-six episodes of fever out of the 146 recorded (31.5%) needed an antimicrobial therapy shift
from the first line treatment. This event was differently distributed in the three years of
observation being more common in the baseline phase (51.9%) than in the first (20%) and second

year (18.6%) after intervention (p=0.0001) (Table 7.3).

CLABSI rate and etiology

CLABSI were more common in children with ALL-HR and AML (p=0.02, Table 7. 2) than in those
with ALL. None of the children affected by standard risk ALL presented recurrence of CLABSI.

The occurrence of CLABSI was closely related with the duration of central-line, being significantly
higher in children with prolonged dwell time (p=0.001); however no relation was found with CVC
type and place of insertion. Surprisingly the risk of CLABSI was not related to the duration of
neutropenia in our population.

A rate of 10.2 CLABSI for 1000 central-line days was recorded in the baseline analysis. Following

the implementation phase, the CLABSI rate significantly decreased to 6.6/1000 central-line days
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after the first 8 months of interventions, with a 35.3% rate reduction attributable to intervention
alone. A further reduction of 42.5% was recorded in the second year of intervention reaching a
final CLABSI rate of 3.8/1000 central-line days. Figure 7. 2displays the control chart with CLABSI

monthly rates and the time of introduction of single interventions.

Figure 7. 2. Run Chart
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CLABSI rate per 1000 central-line days in children with leukemia
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Coagulase negative Staphylococci were the most frequent pathogens isolated in our population.
Escherichia coli was the most frequently Gram negative identified. One child had a Staphylococcus
haemoliticus bacteremia before placing the central-line. Other microbial isolates are reported in

Table 7. 4.

Table 7. 4. Blood culture isolates

Number of blood
culture isolates

PATHOGEN

Positive blood culture in patients with central-line 54

Positive blood culture in patients without central-line

Polimicrobic infections

GRAM POSITIVE BACTERIA 35
Coagulase negative Staphylococci 25

Staphylococcusepidermidis 11

Staphylococcushaemoliticus

Staphylococcushominis

Staphylococcuscapitis

Staphylococcuswarneri

Streptococcusviridans

Streptococcusmitis

OtherStrepcocciviridans

Micrococcusspecies

Micrococcusluteus

OtherMicrococci

Enterococcusfaecium

R R RINWRIWEARINRER(NOV

Other non-specified Gram positive Bacilli

GRAM NEGATIVE BACTERIA 25

Escherichia coli 13

Pseudomonasaeruginosa

Enterobactercloacae

Klebsiellapneumoniae 3

MYCETES

Candida albicans

Aspergillusflavus
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Effects of family educational intervention on infection rates

Forty-three families of children with acute leukemia were specifically trained in 18 months. None
refused to take part to the educational program, but 5 families who withdrew during the study
period because of anxiety, fear of causing pain to their children and “feeling of incompetence”.
The risk of CLABSI was significantly linked to the level of family training. Children managed by
parents who completed the training showed a lower cumulative rate of CLABSI (2.71/1000) than
those who were not trained (14.27/1000, p<0.05). Those who were in the process of training at
the moment of infectious episode registration had an intermediate infection rate (4.57/1000).
Figure 3 reports the number of events, the cumulative infection rates and the relative 95%

confidence intervals.

Figure 7. 3. Infection rates according to the level of family education
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Monitoring of process measures

Process measures were used to monitor monthly activity to indirectly evaluate the effects of
interventions (Table 3). Chlorhexidine consumption progressively increased from 9 bottles/month
in the first month to more than 30 (p<0.0001), reaching a plateau of 32-34 bottle/month. When
related to the days of hospitalized patient the ratio increased from 3.4 bottles/100 days at-risk
children at the beginning of intervention to 16.7 at the end of the study. Alcohol-containing
preparations also significantly increased during the study period (p=0.03), reaching a plateau of
about 17 bottles/month.

The compliance of health-care personnel to hand hygiene measures was estimated by an
independent observer through random site observation. Compliance of healthcare workers
increased from less than 50% in the first year of observation to 95%.

The use of specific checklists for the management of central-line progressively increased from 20%
in the first month after introduction to 80% at the end of the project. Checklists for surgeon were
poorly applied and ultimately were used by 60% of surgeons.

The number of central-line site medications daily performed in DH unit decreased from about
30/day during the observational phase to about 5-6 in the third year, as routine catheter cleansing

and maintenance was entirely transferred to parents in 88% of children.

7.4 Discussion

Infections, mainly CLABSI, are a major cause of morbidity and mortality in children with acute
leukemia. We demonstrated that the implementation of evidence-based bundle of interventions
into daily clinical practice reduces the overall risk of infections by about 30% and the risk of CLABSI
by more than 60% in this at-risk population.

We found that a specific family training provided by expert personnel and focusing on infection
control and management of central lines, significantly reduced the risk of infections in children
carrying catheters with prolonged dwell times.

Similar quality care improvement approaches, focused on the optimization of central-line
management procedures but targeting nurses and physicians, have significantly reduced
nosocomial CLABSI and improved patient safety in both adult and pediatric ICU settings (15, 23).

Central-line maintenance bundles often include a program of education, retraining and monitoring
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of health-care workers managing at-risk patients. However, differently from adults and neonate in
ICU, children with leukemia usually live for at least 2 years with a central-line and spend a huge
amount of time at home or in outpatients settings. Therefore, caregivers should be actively
involved in prevention and care and this was the approach in our study. Irrespective of other
interventions that were applied to all enrolled patients, training of caregivers dramatically reduced
the CLABSI rate by more than 80% (fully trained vs not trained). The comparative evaluation of
CLABSI rates in fully trained, in training and not trained caregivers showed clear differences in the
3 populations. In addition to the family reliability, the observed reduction of infection might be
related also to the significant reduction of CVC medications performed in DH setting (up to 80%),
the number of operators having contact with the patient and the reduced number of accesses in
hospital setting.

Similar to previous results, there was no association between catheter features (type, number of
lumens, and material) and the risk of developing CLABSI (8).

Over the 2-year post-implementation period, CLABSI incidence was significantly reduced by
eliminating defects in routine practices through quality improvement methods. This included
multidisciplinary team-based problem solving, iterative root cause analysis, and ongoing Plan-Do-
Study-Act cycles. As recently reported by Rinke et al. (7), in our population the second year of the
intervention resulted in a slightly higher decline in CLABSI rates below baseline, suggesting that a
long ramp-up period may be necessary to achieve effective permanent change. The significant
reduction of infections requires day-to-day adherence to evidence-based guidelines and continued
re-evaluation of catheter care practices. In consistency with published data (15, 23, 24), the
reduction of infections occurred without hiring additional staff or significantly increasing nursing
workload, and did not need the application of novel and expensive tools or methods of care.

In addition to the reduction of CLABSI rate, other interesting results were observed during the
study. An increase in infection rate was observed during the summer months (June - August) in all
3 years of study, other nurses, usually working in different units, and therefore less trained in the
management of those children, are called to replace the standard nurses working at PHO. A
similar, but less evident evidence, was observed in December-January, during Christmas holidays.
According to the national protocol for the management of feverish neutropenia, children who
failed on first-line antibiotic therapy were started on a second-line empiric treatment with

antibiotics and the adjunct of antimycotic and antiviral agents (18). During the Ql initiative we
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recorded a reduction in the prescription of second-line empiric treatments that reflects a

substantial change in clinical practice and may result in substantial cost savings.

Our study has some limitations. One of the main barrier to local implementation of best evidence-
based practice was the limited collaboration and commitment of pediatric surgeons who are
usually in charge of CVC insertion. Routine use of chlorhexidine for CVC placement, routine use of
surgery checklist for CVC insertion and progressive introduction of ultrasound guidance to place
CVC were the intervention planned in this area. The chlorhexidine was progressively introduced in
the routine practice. However, the specific checklists, although reviewed and modified in
agreement with surgeons, were only partially filled in the first semester after introduction (71%),
and were progressively dismissed in the second year of intervention (21% and 33% completed
checklists in the past 2 semesters).

A specific training for ultrasound-assisted CVC placing was eventually provided this was not done.
This technique may reduce the number of cannulation attempts and mechanical complications
and is currently recommended by guidelines as the standard for long term central-line placement
(19). However, other quality improvement studies reached significant results following catheter
maintenance procedures rather than addressing insertion procedures that usually require specific

quality improvement strategies (7).

In conclusion, a continuous education program offered to families and health-care personnel and
coupled to routine application of stringent standard hygiene procedures and maintenance CVC
care bundles, was effective in reducing the overall risk of infections and the risk of CLABSI in
children with leukemia. The implementation of evidence-based practices and in particular training
of caregivers may result in a dramatic improvement of management and eventually of survival

without significant additional health-care costs or increase in nursing workload.
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CHAPTER 8.
CONCLUDING REMARKS

8.1 Conclusions

Clinical practice guidelines currently represent the standard of care and a support for medical
practitioners in the management of acute and chronic conditions in all periods of life, from infancy
to elderly. The primary aim of guidelines in pediatrics is to provide appropriate health care in
specific clinical circumstances and improve the health of infants and children by ensuring that they
receive up-to-date, evidence-based care.

As this thesis showed, the process that goes from the identification of a relevant clinical problem
to its resolution is complex and time-consuming, and the delivery of standard care to the target
population needs time and efforts.

Each one of the steps depicted in the thesis, from the development of clinical recommendations to
their dissemination and local implementation, may potentially represent a barrier to local
application of evidence-based recommendations.

As we showed above, the production of a high quality guideline, based on a rigorous methodology,
with the participation of relevant stakeholders and target users, is the first, essential step for a
correct and effective evidence-based path. However, despite the continuous production and
update of referral documents, for many health conditions, there is a gap between what medical
science has shown to be effective in practice and what is actually done. Although guidelines
represent a major tool to improve quality of care, in most cases, the development of a guideline is
not enough to change clinical practice. Further steps are always necessary and should include:
pilot testing, capillary dissemination and implementation, local tailoring, and quality improvement.

All these interventions need to be accurately planned, applied and monitored by expert personnel.

This thesis reported the efficacy and effectiveness of different interventions in the field of
pediatric infectious diseases.

Infectious diseases are the most common illnesses in infants and children. Respiratory and
gastrointestinal infections represent worldwide the major indication to medical visit, access to

emergency department and hospital admission in pediatric age. In most cases, infections are
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curable diseases if an appropriate management is rapidly provided. However, the high frequency
and worldwide spreading result in high social and economic burden.

A routine and appropriate application of evidence-based recommendations may have a dramatic
impact on the burden of all infections in pediatric age, improving child health and reducing
inappropriate interventions, adverse effects and health-care expenses.

For all these reasons, and from a methodological point of view, infectious diseases represent an

ideal setting to test the efficacy and applicability of guidelines.

In the field of acute intestinal infections, we observed a significant inappropriateness in current
practice in Italy [1], as previously reported in other countries [2]. The gap between standard of
care and local practice may be resolved by using different approaches that improve practitioners’
knowledge and significantly change their practice with consequential impact of child health. We
previously demonstrated that a brief educational course (2 hours) addressed to pediatricians and
based on updated guidelines for the management of acute gastroenteritis, may significantly
reduce inappropriate prescriptions and improve physicians’ knowledge and clinical outcomes
(duration of diarrhea) [3]. A similar approach has been proposed with the collaboration of
ESPGHAN and the United European Gastroenterology by using an e-learning course directed to all
European physicians managing children with acute intestinal infections. We demonstrated a good
applicability of this approach and its efficacy in changing clinical practice and adherence to
guidelines in 11 European countries.

E-learning is a useful tool for the dissemination of guidelines recommendations on a large scale,
and this is particularly helpful for student education, rapid and continuous update of evidence and
continuous medical training. However, some interventions need to be tested in a local setting, and
barriers to local implementation may significantly differ between different countries, health-care
settings and organizations. For all those reasons, evidence-based recommendations should be
tested in daily practice by using small tests of the changes that may lead to improvement over a
short period of time, barriers should be identified and a continuous monitoring should be set up.
Once these small tests are refined and successfully implemented in the given context we can
broaden the testing, scale up the changes and measure their effects. All this methodology is
usually called “quality improvement” in health care and represents today the ideal way to put best

scientific evidence in practice.
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We applied a rapid cycle of improvement to increase prescription of evidence-based interventions
(probiotics) in children hospitalized for acute gastroenteritis in a tertiary-care hospital [4]. In
addition, we used a similar methodology to set up effective interventions to reduce infections’
rate in children with acute leukemia, and demonstrated that moving central-line management
from physicians and nurse to caregivers, by using a specific training, is one of the most effective

interventions to reduce the rate of blood stream infections.

Based on the data we obtained in this field, the message we can drive to health care authorities is
to invest in translational medicine sciences and move part of health-care resources from
production of evidence to their implementation.

The continuous investment in basic science research, a rapid translation of evidence in clinical
practice and a specific training in evidence-based medicine and quality improvement, represent

the future of biological sciences and medicine.
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