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ORIGINAL RESEARCH

INTRODUCTION

Antimicrobial resistance is an increasing threat to human 
health worldwide. In Canada, more than a quarter of infec-
tions are currently resistant to the antimicrobial agents 
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ABSTRACT
Background: Use of quality indicators is one strategy recommended to 
assess antimicrobial prescribing for pediatric inpatients. 

Objective: To achieve consensus from infectious diseases clinicians on 
quality indicators that characterize appropriate empiric antimicrobial use 
for the management of infectious syndromes in pediatric inpatients.

Methods: This study was completed using the Delphi technique. The 
research team developed an initial list of quality indicators, informed 
by a literature search. A multidisciplinary group of health care providers 
with expertise in infectious diseases was invited to participate. The list 
was disseminated to this panel of experts using Opinio survey software. 
The experts were asked to rate the indicators on a 9-point Likert scale 
in relation to the following criterion: “The importance of each item 
in determining appropriateness considering benefit or harm at the 
individual or population level”. Consensus was defined as at least 75% 
agreement and a median score of 7 or higher. 

Results: Twelve of 31 invited experts completed at least 1 round of the 
survey, and 10 completed all rounds. Consensus was achieved on 28 of 
31 proposed indicators after 3 rounds. Indicators with consensus were 
categorized under “empiric choice” (n = 12 indicators), “dose” (n = 5), 
“duration” (n = 2), “administration” (n = 4), “diagnosis” (n = 2), and 
“documentation” (n = 3). Six of the indicators for which consensus was 
achieved were rephrased by the experts.

Conclusions: Consensus was achieved on quality indicators to assess 
the appropriateness of empiric antimicrobial use in pediatric patients. 
Clinicians and researchers can use these consensus-based indicators to 
assess adherence to best practice. 
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RÉSUMÉ
Contexte : L’utilisation d’indicateurs de qualité est l’une des stratégies 
recommandées pour évaluer la prescription d’antimicrobiens aux patients 
pédiatriques hospitalisés. 

Objectif : Parvenir à un consensus, entre les cliniciens des maladies 
infectieuses, portant sur les indicateurs de qualité qui caractérisent 
l’utilisation empirique appropriée des antimicrobiens pour la prise en 
charge des syndromes infectieux chez les patients pédiatriques hospitalisés.

Méthodes : Cette étude a été réalisée à l’aide de la technique Delphi. 
L’équipe de recherche a dressé une liste initiale d’indicateurs de qualité 
éclairée par une recherche documentaire. Un groupe multidisciplinaire 
de prestataires de soins de santé ayant une expertise dans le domaine 
des maladies infectieuses a été invité à participer. La liste a été diffusée à 
ce panel d’experts à l’aide du logiciel d’enquête Opinio. Les experts ont 
été invités à noter les indicateurs sur une échelle de Likert de 9 points 
par rapport au critère suivant : « L’importance de chaque élément pour 
déterminer la pertinence compte tenu du bienfait ou du dommage à 
l’échelle individuelle ou de la population ». Le consensus était défini 
comme « Un accord d’au moins 75 % et un score médian d’au moins 7 ». 

Résultats : Douze des 31 experts invités ont terminé au moins 1 cycle 
de l’enquête et 10 les ont tous terminés. Un consensus a été atteint 
pour 28 des 31 indicateurs proposés après 3 cycles. Les indicateurs qui 
ont atteint le consensus ont été classés en « choix empirique » (n = 12 
indicateurs), « dose » (n = 5), « durée » (n = 2), « administration » (n = 4), 
« diagnostic » (n = 2) et « documentation » (n = 3). Six indicateurs faisant 
consensus ont été reformulés par les experts.

Conclusions : Un consensus a été atteint pour les indicateurs de qualité 
visant à évaluer l’utilisation empirique appropriée des antimicrobiens 
chez les patients pédiatriques. Les cliniciens et les chercheurs peuvent 
utiliser ces indicateurs basés sur le consensus pour évaluer le respect des 
meilleures pratiques. 

Mots-clés : utilisation d’antimicrobiens, pédiatrie, indicateurs de qualité

typically used to treat them, and this proportion is expected 
to rise to 40% by 2050.1 Antimicrobial resistance is also a 
growing concern in the United States. More than 2.8 mil-
lion antimicrobial-resistant infections and 35  000 related 
deaths occur each year in the United States alone.2 Without 

https://doi.org/10.4212/cjhp.3258


41CJHP  •  Vol. 76, No. 1  •  Winter 2023   JCPH  •  Vol. 76, no 1  •  Hiver 2023

action, many life-saving medical advances will no longer 
be available.1,2 Antimicrobial resistance also has significant 
socioeconomic implications. A decline in gross domestic 
product is projected to result from decreased labour pro-
ductivity. Broader societal concerns have also been sug-
gested, including a decrease in quality of life, social trust, 
and equality.1

Inappropriate antimicrobial use contributes to develop-
ment of antimicrobial resistance and negative health out-
comes, including increased risk of death.3,4 Antimicrobial 
stewardship, defined as “coordinated interventions designed 
to improve and measure the appropriate use of antibiotic 
agents”, is an important strategy to combat these negative 
outcomes.5 Data on the appropriateness of antimicrobial 
use, in addition to standard surveillance of antimicrobial 
utilization, is needed to inform stewardship efforts6,7; how-
ever, definitions of “appropriate use” or “appropriateness” 
are inconsistent.4

The proportion of antimicrobial use considered appro-
priate varies according to the investigators’ definition. A 
recent systematic review reported a large range of inappro-
priate antimicrobial use, from as low as 14.1% to as high as 
78.9%, in hospitalized patients with severe infection.4 Data 
from a point prevalence survey of children’s hospitals in the 
United States showed that a quarter of pediatric patients 
were receiving suboptimal antibiotic therapy.8 Studies have 
often used a qualitative assessment of appropriateness based 
on clinician judgment; however, this approach may lead to 
differences in opinion because of the subjective nature of 
the assessment.9 

The use of quality indicators is one strategy to object-
ively evaluate the appropriateness of antimicrobial use. A 
standardized list of indicators provides consistency in fac-
tors that should be considered when evaluating appropri-
ateness. According to the Agency for Healthcare Research 
and Quality (US), quality indicators are “standardized, 
evidence-based measures of health care quality”.10 Qual-
ity indicators to evaluate the appropriateness of antibiotic 
use in a variety of settings have been published; however, 
these indicators were not specifically developed for use in 
the pediatric population after admission to hospital.11-15 
When evaluating antimicrobial use in the pediatric popu-
lation, unique considerations related to patient assessment 
(e.g., guidelines and recommendations for screening and 
diagnosis of infectious diseases, etiology of disease) and 
choice of antimicrobial agent (considering age, weight, 
and route  of administration) should be considered, given 
the known differences between pediatric and adult popu-
lations. Monitoring of the appropriateness of antimicrobial 
use in the pediatric population, using standardized process 
measures, to assess the impact of stewardship efforts and to 
identify areas for quality improvement is therefore needed.

The objective of this study was to achieve consensus 
within a group of pediatric specialists on a list of quality 

indicators to evaluate the appropriateness of empiric anti-
microbial use for pediatric patients admitted to hospital.

METHODS

Study Design
This study was completed using the Delphi technique, a 
method that uses a series of questionnaires to achieve con-
sensus of opinion among individuals within an area of 
expertise. This technique allows participants to adjust their 
opinion after considering group feedback in successive 
rounds and also allows individuals to provide their opin-
ions anonymously and without the influence of dominant 
individuals.16,17 This method was employed in our study as 
we aimed to obtain consensus virtually on a list of quality 
indicators of appropriate empiric antimicrobial use from 
experts throughout North America. 

This study was approved by the IWK Health Research 
Ethics Board.

Questionnaire Development
A questionnaire was developed on the basis of published 
literature and the expertise of our research team. This team 
was composed of researchers and pediatric infectious dis-
eases physicians and pharmacists (who are the authors 
of this article). A literature search was completed in the 
PubMed database to identify studies that described qual-
ity indicators suitable for evaluating the appropriateness 
of empiric antimicrobial prescriptions. The search strat-
egy was designed by our team, which included clinicians 
and researchers with experience in completing systematic 
reviews. The search terms included combinations of anti-
biotic, antibacterial agent, or bacterial infection combined 
with terms for quality indicators. This search was con-
sistent  with the approach used by Kallen and Prins15 in 
completing a systematic review of quality indicators for 
determining the appropriateness of antibiotic use in adult 
inpatients. The reference lists of retrieved full-text articles 
were also searched by hand to identify relevant publica-
tions. Studies that reported on antimicrobial quality indica-
tors or prescribing survey tools and checklists were retained 
for use in developing the questionnaire. 

Based on the results of the literature search12,18-22 
and the expertise of the research team, a questionnaire 
consisting of 25 indicators for evaluating the appropriate-
ness of antimicrobial use in pediatric patients admitted to 
hospital was developed. The questionnaire was piloted by 
5  pharmacists who had experience in infectious diseases 
or survey design and were not participating in the Delphi 
panel and was then adapted according to their feedback. 
Changes based on piloting of the survey included incorpor-
ation of formatting suggestions and rewording of some of 
the quality indicators for clarity and consistency. The phar-
macists who peer reviewed the questionnaire also suggested 
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reducing the basis for rating quality indicators from 2 cri-
teria to a single criterion. This suggestion was accepted, and 
the criterion for rating indicators is described below, under 
“Data Collection”.

Participants
Potential participants were invited to complete the ques-
tionnaire on the basis of their expertise in providing care 
to pediatric patients with infectious syndromes. Experts 
were purposively sampled to obtain diverse representation 
from a multidisciplinary group of health care providers. 
Experts invited to participate included infectious diseases 
physicians, pharmacists, microbiologists, and administra-
tors representing antimicrobial stewardship programs at 
various stages of implementation. Experts in Canada and 
the United States were considered for inclusion, to ensure 
broad geographic representation throughout North Amer-
ica. Experts were identified through the team’s professional 
networks and were invited to participate through email 
communication by a member of the research team. The 
initial list of experts was identified from previous work by 
members of our team (K.T., M.S.), who used the Delphi 
technique to develop quality indicators for evaluating anti-
microbial stewardship programs.23 All participants pro-
vided consent through the online consent statement at the 
beginning of the questionnaire.

Data Collection 
Experts who agreed to participate were asked to complete 
consecutive rounds of the Delphi process to establish con-
sensus on the indicators. In each round, the experts were 
asked to review and rate each indicator listed in the ques-
tionnaire, which was disseminated through the survey tool 
Opinio, housed by Dalhousie University. The following 
criterion was used to rate the indicators: “The importance 
of each item in determining appropriateness considering 
benefit or harm at the individual or population level”.

During the first round, the experts were asked to 
rate the indicators on a scale from 1 to 9, where 1 = very 
unimportant and 9 = very important. The experts were 
also given the opportunity to comment on the indicators, 
suggest changes to wording, or add new indicators. In the 
second round, each expert received an individualized ques-
tionnaire that included, for each indicator, their previous 
rating, the aggregate mean rating (with standard deviation), 
the aggregate median rating (with interquartile range), the 
mode, and anonymous comments from the other experts. 
Newly suggested indicators were also added to the second-
round questionnaire. The experts were asked to again rate 
the indicators on a scale from 1 to 9. In addition, the experts 
were provided with wording changes suggested by partici-
pants in round 1 and asked to indicate if they agreed or dis-
agreed with the proposed changes (yes/no). An additional 
third version of the questionnaire was circulated for experts 

to rate the indicators with remaining disagreement after 
round 2. 

Data Analysis
The results were summarized using descriptive statistics. 
Indicators with a median score of 7 or higher with no 
disagreement after 2 rounds of rating were retained and 
included in the final list of indicators for assessing appro-
priateness. Based on previously published related Delphi 
studies23-26 and published guidelines,27 disagreement was 
defined as less than 75% of panelists assigning a score of 
7 or higher. 

RESULTS

The 3 versions of the questionnaire were distributed to the 
expert panel in 3 rounds of the Delphi process between July 
and December 2018. Thirty-one experts were invited to 
participate in an attempt to recruit 15–20 participants, and 
17 experts agreed to participate. Of those who agreed to par-
ticipate, 12 completed at least 1 round of the questionnaire, 
with 10 of the 12 experts completing all rounds. Panelists 
who agreed to participate were infectious diseases phys-
icians (n = 5) and infectious diseases pharmacists (n = 7). 
Most of the experts (n = 8) were practising in Canada.

A total of 25 indicators included in the initial ques-
tionnaire and 6 indicators suggested by the expert panel-
ists were assessed during the 3 rounds (Table 1). After the 
initial round, consensus was achieved for 23 of the initial 
25 indicators, and 6 new indicators were suggested. The 
2 indicators with disagreement in round 1 were included 
in subsequent rounds. Six of the indicators with agree-
ment also had suggested changes to wording; these indica-
tors were rephrased, incorporated into the second round, 
and accepted by the experts (Table 2). After completion 
of 3 rounds, consensus was reached for 24 of the 25 qual-
ity indicators originally proposed and 4 of the 6 indicators 
suggested by expert panelists in the first round, and these 
28 indicators were retained. The indicators for which con-
sensus was reached were grouped under the categories of 
“empiric choice” (n = 12), “dose” (n = 5), “duration” (n = 2), 
“administration” (n  =  4), “diagnosis” (n  =  2), and “docu-
mentation” (n = 3). 

The highest-ranking indicators, which had 100% 
agreement by the experts and a median score of 9, were the 
following: 

• “Empiric choice of antimicrobial agents for pediatric 
patients should be active against most likely causative 
pathogens.” 

• “Antimicrobial agents for pediatric patients with sep-
sis should be started intravenously.” 

• “Broad spectrum intravenous empiric antimicrobials 
should be administered to pediatric patients with severe 
sepsis and septic shock within 1 hour of identification.” 
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TABLE 1 (Part 1 of 3). Rating and Assessment of Quality Indicators by Experts

Indicatora

Round 1 (n = 12) Round 2 (n = 10) Round 3 (n = 10)

Conclusion

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

Empiric choice 

Empiric choice of antimicrobial agents for pediatric 
patients should be active against most likely 
causative pathogens.

 12 (100) 9 – – – – Retain

Empiric choice of systemic antimicrobial therapy 
in pediatric patients should consider local 
susceptibilities (local antibiogram).

– –  10 (100) 8.5 – – Retain

Pediatric patients with a history of anaphylaxis after 
penicillin therapy should be prescribed an alternative 
drug class.

 10 (83) 8.5 – – – – Retain

Empiric choice of systemic antimicrobial therapy for 
pediatric patients should be prescribed according to 
local guidelines. If no local guidelines exist, choice of 
therapy should be prescribed according to national 
or international guidelines (where available).

 12 (100) 8 – – – – Retain

Previous microbiology results should be considered 
in empiric choice of systemic antimicrobial therapy in 
pediatric patients.

 11 (92) 8 – – – – Retain, 
rephrased

Contraindications (including medical conditions and 
medication use) should be taken into account when 
antimicrobials are prescribed to pediatric patients.

 10 (83) 8 – – – – Retain, 
rephrased

Allergy status and history of adverse drug reactions 
should be taken into consideration when selecting 
empiric antimicrobial agents for pediatric patients. 

 9 (75) 8 – – – – Retain

Previous history of infection should be considered 
in empiric choice of systemic antimicrobial therapy in 
pediatric patients.b

 8  (67) 8 – –  8 (80) 8 Retain, 
rephrased

Empiric choice of systemic antimicrobial therapy 
in pediatric patients should consider individual 
travel history.

– –  10 (100) 7.5 – – Retain

Empiric choice of systemic antimicrobial therapy in 
pediatric patients should include data on local public 
health outbreaks.

– –  8 (80) 7 – – Retain

Empiric choice of systemic antimicrobial therapy 
in pediatric patients does not include unnecessary 
duplication of therapy.

– –  6 (60) 7.5  7 (78)
(n = 9)

7 Retain

Empiric choice of systemic antimicrobial therapy 
should consider previous antimicrobial use in 
pediatric patients.

 9 (75) 7 – – – – Retain, 
rephrased

Empiric choice of systemic antimicrobial therapy in 
pediatric patients should consider vaccination status.

– –  5 (50) 7  4 (40) 6 Exclude

Empiric choice of systemic antimicrobial therapy 
in pediatric patients should consider previous 
environment exposures.

– –  5 (50) 6.5  4 (40) 6 Exclude
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TABLE 1 (Part 2 of 3). Rating and Assessment of Quality Indicators by Experts

Indicatora

Round 1 (n = 12) Round 2 (n = 10) Round 3 (n = 10)

Conclusion

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

Dose

Dose and dosing interval of systemic empiric 
antimicrobials should be adapted to pediatric patient 
renal function.

 11 (92) 8 – – – – Retain

Antimicrobial agents that require therapeutic drug 
monitoring (such as vancomycin and gentamicin) 
should be managed according to guidelines. 

 10 (91)
(n = 11)

8 – – – – Retain

Dose and dosing interval of systemic empiric 
antimicrobials should be adapted to the pediatric 
patient’s age.

 10 (83) 8.5 – – – – Retain

Dose and dosing interval of systemic empiric 
antimicrobials should be prescribed according 
to guidelines.

 10 (83) 8 – – – – Retain

Dose and dosing interval of systemic antimicrobials 
should be adapted to the pediatric patient’s weight.

 10 (83) 8 – – – – Retain

Duration

Duration of surgical prophylaxis for pediatric patients 
should not exceed 24 hours.

 11 (92) 9 – – – – Retain

Intended duration of systemic empiric antimicrobial 
therapy for pediatric patients should be compliant 
with guidelines. 

 10 (91)
(n = 11)

8 – – – – Retain

Administration

Antimicrobial agents for pediatric patients with 
sepsis should be started intravenously.

 12 (100) 9 – – – – Retain

Broad spectrum intravenous empiric antimicrobials 
should be administered to pediatric patients with 
severe sepsis and septic shock within 1 hour of 
identification.

 12 (100) 9 – – – – Retain

Timelines of administration of antimicrobial therapy 
and prophylaxis for pediatric patients should be 
compliant with guidelines.

 11 (92) 8.5 – – – – Retain

Empiric antimicrobial agents for pediatric patients 
should be administered via the appropriate route as 
recommended by guidelines.

 11 (92) 8 – – – – Retain

Diagnosis

When starting systemic antimicrobial therapy for 
pediatric patients, specimens for culture from 
suspected sites of infection should be taken as soon 
as possible, preferably before antimicrobial agents 
are started (if applicable).

 11 (92) 9 – – – – Retain

Microbiological investigations should be performed 
according to guidelines.

 10 (83) 8 – – – – Retain

Two sets of blood cultures should be taken before 
antimicrobial administration when bacteremia is 
suspected in pediatric patients.

 7 (58) 7 3 (30) 6 – – Exclude
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The only indicator originally proposed to the experts 
that was ultimately rejected was “Two sets of blood cultures 
should be taken before antimicrobial administration when 
bacteremia is suspected in pediatric patients”. 

Ratings for each indicator during the 3 rounds of the 
Delphi process are presented in Table 1.

DISCUSSION

To the authors’ knowledge, this study is the first to seek 
and achieve consensus on quality indicators to character-
ize the appropriateness of empiric antimicrobial use for 
the management of infectious syndromes in hospitalized 
pediatric patients. Panel representation included experts 
throughout North America with experience providing dir-
ect care to pediatric patients with infectious syndromes. 
All indicators included in this study were process-related 
measures that aimed to assess the quality of antimicrobial 
use. Most approved indicators were categorized as relating 
to “empiric choice”. High agreement after the first round by 
experts who worked as clinicians suggests that the indica-
tors initially proposed are clinically important and relevant 
to improving the quality of patient care.

Indicators for determining appropriateness of use of 
antimicrobial agents in hospitalized patients have been 
developed by others. Monnier and others11 published 51 
generic quality indicators for responsible antibiotic use in 
the inpatient setting. A broad range of stakeholders were 
included in that study; however, few participants were from 
North America (n = 5/25).11 In another study, a European 
panel of experts developed quality indicators for evaluat-
ing the appropriateness of antimicrobial use in hospital-
ized adults.12 Neither of these studies specifically focused 

TABLE 1 (Part 3 of 3). Rating and Assessment of Quality Indicators by Experts

Indicatora

Round 1 (n = 12) Round 2 (n = 10) Round 3 (n = 10)

Conclusion

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

No. (%) 
Strong 

Agreement
Median 
Score

Documentation

Allergy status (including nature and severity) 
should be documented in the medical records when 
antimicrobials are prescribed for pediatric patients.

 12 (100) 8.5 – – – – Retain

Antimicrobial therapy for pediatric patients that 
deviate[s] from guidelines should be justified.

 10 (83) 8.5 – – – – Retain, 
rephrased

An antimicrobial plan should be documented for 
pediatric patients in the medical record at the start 
of systemic antimicrobial treatment. (Antimicrobial 
plan in indication, name, dose, route, and interval 
of administration.)

 9 (75) 8 – – – – Retain, 
rephrased

Note: Dashes are used for indicators not included in a particular round of the Delphi process. 
aFor the 6 indicators with rephrasing (as noted in col. 3), the entry shown here incorporates the revised wording. See Table 2 for original wording.
bIndicator omitted in error during round 2, but consensus was achieved in round 3.

on management of infectious diseases or antimicrobial use 
in pediatric patients.11,12 Considerations when determin-
ing appropriateness of antibiotic use in the management of 
infectious diseases in this patient population were there-
fore needed. Pediatric patients are not small adults: they 
exhibit differences in the spectra of infections that they may 
acquire, and their presentations differ from those of adults. 
Children, especially neonates, require special consideration 
when determining choice of antimicrobial therapy, includ-
ing unique precautions and contraindications, as well as 
differences in dosing and formulation.

Many generic quality indicators related to empiric anti-
microbial use that were published by Monnier and others11 
and van den Bosch and others12 were used in development 
of our survey, with tailoring for the pediatric population. 
Retained quality indicators in our study overlap with pre-
viously published indicators; however, our expert panel 
also suggested additional indicators that focus on specific 
considerations in choosing the most appropriate empiric 
antimicrobial agent. These indicators are more tailored and 
may prompt further consideration of appropriateness at an 
individual patient level. 

Our expert panel rejected the indicator “Two sets 
of blood cultures should be taken before antimicrobial 
administration when bacteremia is suspected in pediat-
ric patients,” although this indicator was included and 
retained by previously published studies.11,12 Determining 
the rationale for indicator ranking was not within the scope 
of our study; however, it is postulated that respondents may 
have rejected the indicator given difficulty with venous 
access, especially in neonates. The need for adequate sample 
volume is the most important consideration for detection of 
bacteria when performing blood cultures. In children, the 
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TABLE 2. Accepted Changes in Wording of Original Quality Indicators

Original Wording Suggested Wording Change
No. (%) in Agreement

(n = 10)

Empiric choice of systemic antimicrobial therapy is appropriate 
for pediatric patients considering previous history of infection.

Previous history of infection should be considered in 
empiric choice of systemic antimicrobial therapy in 
pediatric patients.

 10 (100)

Empiric choice of systemic antimicrobial therapy is appropriate 
for pediatric patients considering previous antimicrobial use.

Empiric choice of systemic antimicrobial therapy should 
consider previous antimicrobial use in pediatric patients.

 10 (100)

Empiric choice of systemic antimicrobial therapy is appropriate 
for pediatric patients considering previous microbiology results.

Previous microbiology results should be considered 
in empiric choice of systemic antimicrobial therapy in 
pediatric patients.

 10 (100)

Contraindications (including concomitant medical conditions and 
medication use) should be taken into account when antibiotics 
are prescribed to pediatric patients.

Contraindications (including medical conditions and 
medication use) should be taken into account when 
antimicrobials are prescribed to pediatric patients.

 9 (90)

An antimicrobial plan should be documented for pediatric 
patients in the case notes at the start of systemic antimicrobial 
treatment. (Antibiotic plan is indication, name, dose, route, and 
interval of administration.)

An antimicrobial plan should be documented for pediatric 
patients in the medical record at the start of systemic 
antimicrobial treatment. (Antimicrobial plan in indication, 
name, dose, route, and interval of administration.)

 10 (100)

Antibiotic therapy for pediatric patients that deviate[s] from 
guidelines should be justified.

Antimicrobial therapy for pediatric patients that 
deviate[s] from guidelines should be justified.

 10 (100)

volume should be determined on the basis of the patient’s 
age and weight. In pediatrics especially, there must be a bal-
ance between volume of blood collected and the patient’s 
clinical condition.28,29 

Our study had several strengths. The expert consensus 
panel comprised infectious diseases specialists and phar-
macists with experience caring for pediatric patients with 
infectious syndromes within a North American context. 
The indicators presented in the first round were designed as 
process measures for clinicians and researchers to evaluate 
antimicrobial use and assess the impact of antimicrobial 
stewardship interventions. Furthermore, the indicators are 
detailed and provide opportunities to clearly identify areas 
for improvement in the processes of prescribing and admin-
istering antimicrobial agents.

Despite these strengths, a number of limitations should 
be considered. The expert panel included only pharmacists 
and physicians, as we were unable to recruit any micro-
biologists. Thus, our study yielded the perspectives of 
only pharmacists and physicians, although we recognize 
that other health care providers have valuable expertise to 
contribute to assessing appropriateness of antimicrobial 
use. Furthermore, the indicators were developed on the 
basis of evidence and guidelines current at the time. Since 
dissemination of our survey, pediatric guidelines in the 
Surviving Sepsis Campaign have been published, which 
recommend starting antimicrobials as soon as possible and 
within 3 hours for children with sepsis-associated organ 
dysfunction and no signs of shock.30 The Surviving Sep-
sis Campaign recommendation is reported to have a very 
low quality of evidence30; however, use of our indicators 

should be combined with consideration of the most recent 
evidence when evaluating appropriateness of antibiotic use. 
Finally, our study included only experts from North Amer-
ica and, as a result, the findings may not be generalizable to 
other geographic regions. Given overlap of retained indica-
tors from the current study with those from European and 
other international Delphi studies, however, we expect that 
our findings may be relevant to other regions of the world.

CONCLUSION

To our knowledge, this is the first study to report on process- 
related quality indicators for assessing the appropriateness 
of empiric antimicrobial use in pediatric patients admitted 
to hospital on which consensus was achieved by an expert 
panel. Our findings may provide a standardized list of 
measures that infectious diseases clinicians, antimicrobial 
stewardship teams, institutions, and researchers can use 
when evaluating the effect of various interventions on the 
quality of antimicrobial use.
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