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ABSTRACT
Introduction Early empiric treatment with broad- 
spectrum antimicrobials is common in neonatal 
intensive care units (NICU) due to the non- specific 
clinical presentation of infection. However, excessive and 
inappropriate antimicrobial use can lead to the emergence 
of drug- resistant organisms and adverse neonatal 
outcomes. This study aims to develop and implement 
a nationwide NICU- specific antimicrobial stewardship 
programme (ASP) to promote judicious antimicrobial 
use and control the emergence of multidrug- resistant 
organisms (MDROs) in Canada.
Methods and analysis Our study population will 
include all very low- birth- weight neonates admitted to 
participating tertiary NICU in Canada. Based on the existing 
limited literature, we will develop consensus on NICU 
antimicrobial stewardship interventions to enhance best 
practices. Using an expanded Canadian Neonatal Network 
(CNN) platform, we will collect data on antimicrobial use 
and the susceptibility of organisms identified in clinical 
samples from blood and cerebrospinal fluid over a 
period of 2 years. These data will be used to provide all 
NICU stakeholders with benchmarked centre- adjusted 
antimicrobial use and MDRO prevalence reports. An ASP 
plan will be developed at both individual unit and national 
levels in the subsequent years. Knowledge translation 
strategies will be implemented through the well- 
established Evidence- based Practice for Improving Quality 
methodology.
Ethics and dissemination Ethics for the study has been 
granted by the University of British Columbia Children’s 
& Women’s Research Ethics Board (H19-02490) and 
supported by CNN Executive Committee. The study results 
will be disseminated through national organisations and 
open access peer- reviewed publications.
Trial registration number NCT04388293.

INTRODUCTION
The neonatal intensive care unit (NICU) is 
a unique clinical environment that houses 
neonates who are highly susceptible to 

overwhelming infections, which can poten-
tially result in significant neonatal morbidity 
and mortality. Many admitted neonates are 
preterm and/or have very low- birth- weight 
(VLBW; birth weight <1500 g), placing them 
at even greater risk for infection.1 2 Because 
the features of infection in neonates are non- 
specific, early empiric treatment with antimi-
crobials is common practice in the NICU.3 
However, there are no widely accepted guide-
lines regarding the choice and duration of 
antimicrobials for common neonatal condi-
tions.4 Antimicrobials are often prescribed 
and continued in clinical situations in which 
a clear indication or benefit has not been 
demonstrated.5 Excessive and inappropriate 

Strengths and limitations of this study

 ► Our study will identify key areas to target appropri-
ate antimicrobial stewardship strategies and best 
evidence- based practices at both national and in-
dividual neonatal intensive care unit (NICU) levels.

 ► We are enrolling infants born at <1500 g, who are at 
highest risk of developing sepsis, across the majori-
ty of tertiary Canadian NICUs.

 ► Our study addresses the priorities of antimicrobial 
resistance research and rapid implementation of a 
NICU- specific antimicrobial stewardship programme 
nationally by using a well- defined knowledge trans-
lation (KT) plan and comprehensive engagement of 
key stakeholders.

 ► Practice changes during the KT plan implementation 
may require a high level of change in antimicrobi-
al prescription or multidrug- resistant organisms 
screening, in addition to the resources and bar-
riers required for audit and feedback services. 
Such changes may result in behaviour shifts with-
in the working environment that may be met with 
resistance.
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antimicrobial use can lead to gut dysbiosis, emer-
gence of drug- resistant organisms and adverse neonatal 
outcomes.6–12

Antimicrobial stewardship programmes (ASPs) are 
designed to optimise clinical outcomes while mitigating 
unintended consequences of antimicrobial misuse and 
control the emergence of multidrug- resistant organisms 
(MDROs).13 ASPs include active monitoring of antimi-
crobial resistance, promotion of appropriate antimicro-
bial use, and collaboration with infection prevention and 
control programme departments to minimise the spread 
of resistance.14

We recently identified significant site variations in the 
antimicrobial utilisation rate (AUR) among neonates born 
at <33 weeks of gestational age in NICUs in Canada.15 A 
study in a tertiary NICU in Vancouver, British Columbia, 
found that 11.4%–26.3% of broad- spectrum antimicro-
bial use was inappropriate.16 Although some NICUs have 
ASPs, there are no guidelines in Canada or elsewhere for 
NICU- specific antimicrobial stewardship best practices 
and strategies.5 14 17 We are not aware of any validated anti-
microbial usage guidelines that address the unique chal-
lenges faced in the management of NICU patients, such as 
culture- negative clinical sepsis and empiric treatment of 
early- onset sepsis.18 19 Moreover, there are no established 
sets of evidence- based NICU- specific metrics to measure 
the success or failure of ASP initiatives.18 Recent systemic 
review aiming to understand the effectiveness of ASPs 
revealed successful reduction of antibiotic consumption 
and/or inappropriate antibiotic use in four studies, but 
none has been identified to evaluate the impact of ASPs 
on antimicrobial resistance or the incidence of nosoco-
mial infection in neonates.20

Our overarching goal is to develop and implement a 
NICU- specific ASP at the individual unit and national 

levels within Canada to promote optimal antimicrobial 
utilisation and decrease MDRO infections in this special-
ised population.

METHODS AND ANALYSIS
Starting from 2020, we will conduct a 5- year cohort study 
to address three specific aims (figure 1):

Aim 1: To gather baseline information, build capacity 
for data (data collection, analysis and reporting), and 
engage Canadian NICU key stakeholders (years 1–5).

Aim 2: To develop evidence- based NICU- specific ASP 
principles and practices at the national and individual 
unit levels (years 1–4).

Aim 3: To evaluate the effect of ASP implementation 
(years 2–5)

Aim 1: to gather baseline information, build capacity for data 
and engage key stakeholders (years 1–5)
We will collect data on antimicrobial use (drug and dura-
tion) and the susceptibility of organisms identified in 
clinical samples obtained from NICU patients using the 
Canadian Neonatal Network (CNN) platform, which 
collects demographic and neonatal outcome data for 
>90% of VLBW neonates in Canada. NICU stakeholders 
will be provided with benchmarked centre- adjusted anti-
microbial use and MDRO prevalence reports on a yearly 
basis to create awareness of the problem and its magni-
tude. Examples of MDRO include methicillin- resistant 
Staphylococcus aureus, vancomycin- resistant Enterococcus, 
Gram- negative bacilli resistant to third- generation and 
fourth- generation cephalosporins and/or carbapenem 
groups. Simultaneously, we will develop consensus- based 
practices of NICU antimicrobial stewardship interven-
tions at the start of the programme (year 1). This will be 

Figure 1 Approximate timeline of national neonatal intensive care unit- specific ASP plan. ASP, antimicrobial stewardship 
programme; iKT, integrated knowledge translation; MDRO, multidrug- resistant organism.
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based on the review of existing literature by a group of 
experts from neonatology, paediatric infectious disease, 
microbiology, infection control, clinical pharmacy and 
epidemiology from various institutes across the country. 
Baseline information will help inform development of 
the NICU- specific ASPs in Aim 2.

Hypotheses
We hypothesise that we will find:

 ► Significant variation in broad- spectrum antimicrobial 
usage across NICUs, but no correlation with the inci-
dence of culture- proven bacteraemia and/or menin-
gitis. Higher use of antimicrobials will be associated 
with limited existing ASP resources and increased 
neonatal morbidities related to inflammatory 
cascades11 21 (bronchopulmonary dysplasia, retinop-
athy of prematurity and periventricular leucomalacia).

 ► Significant variations in the prevalence of MDRO 
across NICUs.

 ► Differences in empiric antimicrobial regimens that 
may be associated with MDRO prevalence, and these 
variations in antimicrobial use could explain some of 
the variations in neonatal morbidities.

Methods
Our study population will include all VLBW neonates 
admitted to participating tertiary NICUs in Canada. All 
VLBW neonates will be included in the primary MDRO 
prevalence analysis; but for the analysis of the effect of 
antimicrobial use and MDRO on neonatal outcomes, 
we will exclude neonates with major congenital anoma-
lies in order to avoid the effect of underlying conditions 
on outcomes.22 In CNN, data are recorded from ~3000 
VLBW neonates each year, of whom 500–600 develop 
culture- proven sepsis (bacteraemia or meningitis).23–26 
Thus, we expect ~6000 VLBW neonates during the 2- year 
surveillance period of the study. This will provide us 
with 2- year surveillance data for the development of ASP 
planning at both individual unit and national levels in 
the subsequent years. Previous studies that have investi-
gated broad- spectrum antimicrobial use in NICUs have 
had limited sample sizes, and reports of the infection and 
colonisation rates with MDRO have varied significantly 
among these studies.27–30

The primary outcomes are (1) the days of therapy 
(DOT)/1000 patient- days of antimicrobial use and (2) 
the prevalence of MDRO in infections in VLBW neonates 
during their NICU admission. The secondary outcomes 
include the association between MDRO, antimicrobial use 
and MDRO screening policies with neonatal outcomes. 
Simple and adjusted comparisons using propensity score 
will be performed.

Analyses
Comparisons of patient characteristics, antimicrobial 
utilisation and prevalence of MDRO across different sites 
will be performed using descriptive statistics and kernel 
density estimation. Regression analyses will be conducted 

to determine the association between antimicrobial 
utilisation and neonatal outcomes after controlling for 
confounding characteristics (such as gestational age, 
sex, small- for- gestational age and Score for Neonatal 
Acute Physiology). We will develop generalised linear 
models with the appropriate link functions and adjust for 
potential confounders. Spearman or linear correlation 
will be applied to assess the relationship between broad- 
spectrum antimicrobial use and the prevalence of MDRO 
in individual NICUs.

Aim 2: to develop evidence-based NICU-specific ASP metrics 
to evaluate the effectiveness of ASP strategies at the 
individual unit and national levels (years 1–4)
To address this aim, two stages are planned: (1) devel-
opment of the first set of guidelines based on existing 
literature and consensus at the outset of the project and 
(2) revision of these guidelines informed by our national 
data.

After obtaining baseline data in Aim 1 (overall AUR 
and DOT of specific antimicrobials, and MDRO epide-
miology in each unit), benchmarking of these data across 
Canada will be performed. Stakeholders and knowledge 
users will meet to revise strategies and potential best 
practices to target specific challenges at both the unit 
and national levels. Examples include implementation 
of specific guideline and strategies to reduce vanco-
mycin and third- generation cephalosporin use, and use 
of 36- hour automatic stop for empirical antimicrobial 
coverage (table 1).4 31 32

In general, we aim to reduce prolonged empirical 
antibiotic use for >3 days in the first week of life among 
infants at very low risk of early- onset sepsis (eg, elective 
caesarean section for maternal or fetal indication) by 
80% across Canada and reduce broad- spectrum antimi-
crobial use in this population by 25% across Canada, after 
2 years. Other specific targets will be determined once 
surveillance data become available.

Integrated quality improvement and knowledge translation/
implementation
We will apply the Evidence- based Practice for Improving 
Quality (EPIQ) method, a proven knowledge translation 
(KT) strategy derived from the ‘Promoting Action on 
Research Implementation in Health Services’ frame-
work. This methodology examines the interaction 
between evidence, context and facilitation for imple-
mentation of research into practice.33 34 The EPIQ 
principles include (1) identifying site- specific associa-
tions between practices and outcomes through baseline 
data analysis; (2) involving NICU teams in systematic 
evidence reviews; (3) identifying barriers to change; 
(4) developing evidence- based, site- specific priorities 
and practice- change strategies; (5) monitoring compli-
ance and (6) providing tailored support for continuous 
quality improvement (QI) using the Plan- Do- Study- Act 
model.
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KT plan/dissemination of surveillance results (Aims 1 and 2)
Key messages from study results will be disseminated to 
relevant stakeholders (including parents, professional 
organisations and policymakers) and future research 
directions will be generated. We will disseminate our find-
ings through (1) ASP practice guidelines, yearly reports, 
and annual meetings of CNN and Canadian Paediatric 
Society and (2) open access peer- reviewed publications, 
media releases and interprofessional co- presentations at 
national and international meetings. Online ASP teaching 
to knowledge users will be developed.35 We will provide 
executive summaries to provincial and national organi-
sations (eg, Provincial Council for Maternal and Child 
Health and Canadian Paediatric Society) for consider-
ation of production of national best practice guidelines.

Aim 3: to evaluate the effectiveness of the ASP (years 2–5)
We will analyse the effects of adoption of an ASP in indi-
vidual units on antimicrobial use and MDRO incidence 
by creating control charts. Implementation fidelity and 
transportable lessons of implementing antimicrobial stew-
ardship interventions across multiple NICUs in changing 
real- world setting will be assessed using the learning eval-
uation method.

Hypotheses
 ► The overall usage across the country and in the units 

with initially high AUR will significantly decrease.
 ► The prevalence of 'clinical sepsis' (defined as use of 

at least 5 days of antimicrobials with no detection of 
pathogens)26 36 will decrease.

 ► More units will adopt the screening policies for 
MDRO, especially among those who have higher 
MDRO prevalence than the national average.

 ► The prevalence of MDRO will remain the same 
or decrease in some units; this can be attributed to 
reduction of broad- spectrum antimicrobial consump-
tion and enhanced screening policies.

 ► The prevalence of neonatal morbidities, such as 
necrotising enterocolitis may decrease in units with 
reduction of broad- spectrum antimicrobial usage.

Methods
Stewardship interventions should be sustainable and 
aligned with the available local resources. We will monitor 
the effectiveness (eg, reduction of antimicrobial use in 
neonates without culture- proven sepsis) and safety (eg, 
recurrence of infections shortly after stopping antimicro-
bials) of the new ASP potential best practices through 
regular evaluation of outcomes among knowledge users 
(such as quarterly teleconferences, during annual CNN 
meetings and annual Canadian Paediatric Society meet-
ings). Along with the CNN report, we will publish an 
annual report of potential safety and quality metrics of 
ASP (eg, usage of broad- spectrum antimicrobials, rates of 
infections with MDRO, duration of treatment for culture- 
negative clinical sepsis and recurrence of bacteraemia). 
We will hold annual face- to- face meetings similar to that 
of the planning meeting for Aim 2 to address concerns 
from knowledge users in our research plan and review 
ASP strategies on a yearly basis, timed around CNN 
meetings.

Analyses plan
We will perform descriptive analyses to describe the preva-
lence of antimicrobial prescription and MDRO. Student’s 
t- test, Wilcoxon rank- sum and χ2 tests will be used, as 
appropriate, to compare demographic and outcome 
characteristics between the baseline and intervention 
periods. Multivariate analysis can be performed through 
(1) logistic regression, based on findings of the univar-
iate analysis and adjusted for potential confounding vari-
ables, to determine the factors associated with increased 
antimicrobial consumption and MDRO prevalence; (2) 
propensity score- based analyses to estimate the effect 
after discarding all unmatched units (ie, difference in 
baseline characteristics); (3) instrumental variable anal-
yses to control for confounding and measurement errors 
in the observations before and after interventions, so that 
causal inferences can be made; and (4) interrupted time 
series analyses to establish whether there is a change in 
antimicrobial consumption during the study period.

Table 1 Specific antimicrobial stewardship programme strategies to reduce inappropriate antimicrobial use

Problem Possible strategies Reference

High prevalence of vancomycin- resistant 
enterococci or vancomycin usage

Vancomycin reduction guideline to cut 
down the overuse

Chiu et al.31

.

High prevalence of multidrug- resistant 
Gram- negative bacterial infections

Suppression of excess usage of third- 
generation cephalosporins.

Calil et al.32

High broad- spectrum antibiotic usage Reduce use of broad- spectrum 
perioperative antibiotic prophylaxis for 
clean surgical procedures;
avoid prolonged duration of postoperative 
prophylaxis days of therapy of perioperative 
prophylaxis >48 hours;
avoid prolonged duration of culture- 
negative sepsis

Cantey et al.4
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Patient and public involvement
This is a prospectively designed retrospective cohort 
study, and all infants are following the standard of clinical 
care per their unit policy. The necessity for rapid imple-
mentation of NICU- specific ASP nationally has emerged 
as an urgent priority. Our study addresses both the Public 
Health Agency of Canada’s call to take action through 
new investment in antimicrobial resistance research 
and the research priority of the Canadian Institutes of 
Health Research Institute of Infection and Immunity. 
Parents were not directly involved in the proposal devel-
opment; however, as highlighted in our protocol (Aim 2), 
family advisers would be invited to join our KT activity, 
to provide their thoughts on the best antimicrobial prac-
tice at both local and national levels after obtaining 2- year 
baseline data. The results will be disseminated to the 
public (parents) through media releases and open access 
publications.

DISCUSSION
This study will help identify key areas of inappropriate 
antimicrobial use and the prevalence of MDRO in Cana-
dian NICUs. We will then develop appropriate ASP strate-
gies and potential best practices at both individual NICU 
units and national levels to reduce unnecessary broad- 
spectrum antimicrobial use, decrease the prevalence of 
MDRO and improve neonatal outcomes.

We anticipate challenges during the study. First, there 
may be variations in the blood culture collection practices 
in different hospitals (eg, one versus two vials collected 
or use of cord blood for initial blood cultures) and in the 
breakpoints used for antimicrobial susceptibility testing 
across different microbiology laboratories. These could 
result in some variations in bacteraemia and MDRO rates. 
Although it is virtually impossible to standardise all prac-
tices at the national level, we will conduct surveillance on 
these aspects in an attempt to understand the reasons for 
practices and address the potential impact of these varia-
tions on our results.

Second, clinicians may not be receptive to the results 
of comparative analyses. Many factors underlie the vari-
ations in antimicrobial prescription practices, preva-
lence of MDRO and neonatal outcomes in each NICU; 
thus, potential users may disregard findings. The recom-
mended practice changes may require a major change in 
antimicrobial prescription or MDRO screening. There 
are major resources required to perform the interven-
tions, such as audit and feedback. To address these chal-
lenges, we will use the national collaboration with EPIQ in 
CNN, which has been applied for >10 years. This national 
collaboration has created a clinical culture of embracing 
change and QI, which has led to a reduction in nosoco-
mial infections and bronchopulmonary dysplasia rates,37 
and we are hopeful for similar success in this project.

The promotion of appropriate antimicrobial usage has 
gained traction as a critical tool against the emergence of 
MDRO and is an important metric for patient safety and 

quality. This study will address existing knowledge gaps 
and facilitate the development of a standardised set of 
evidence- based NICU- specific ASP strategies to improve 
neonatal outcomes.
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