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Background: High-quality systematic data on antimicrobial use in UK inpatient paediatric haematology-oncology
services are lacking, despite this population being at high risk from antimicrobial exposure and resistance.

Objectives: We conducted a retrospective study to demonstrate how routinely collected electronic prescribing
data can address this issue.

Patients and methods: This retrospective study describes and compares IV antibiotic consumption between two UK
paediatric haematology-oncology inpatient units, between 2018 and 2022. Both sites provide similar services and
receive proactive antimicrobial stewardship input. Data were extracted from each site’s antimicrobial surveillance
system, which report monthly days of therapy (DOT) per 100 patient-days (PD). Consumption was reported for spe-
cific and total antibiotics. Trends were modelled using linear regression and autoregressive moving average models.

Results: Total IV antibiotic consumption at each site was similar. Median monthly DOT per 100 PD were 25.9 (IQR:
22.1-34.0) and 29.4 (24.2-34.9). Total antibiotic use declined at both sites, with estimated annual yearly reduc-
tionsof 3.52 DOTper 100 PD (95% CI: 0.46-6.59) and 2.57 (1.30-3.85). Absolute consumption was similar for car-
bapenems, piperacillin/tazobactam and aminoglycosides, whilst ceftriaxone and teicoplanin demonstrated
approximately 3-fold relative differences in median monthly consumption. Meropenem, piperacillin/tazobactam,
teicoplanin, vancomycin and gentamicin all demonstrated statistically significant reductions in use over time at
either one or both sites, although this was most marked for piperacillin/tazobactam and vancomycin.

Conclusions: Routinely collected electronic prescribing data can aid benchmarking of antibiotic use in paediatric
haematology-oncology inpatients, highlighting areas to target stewardship strategies, and evaluating their im-

pact. This approach should be rolled out nationally, and to other high-risk groups.

Introduction

Antimicrobial consumption (AC) in children presenting or admit-
ted to hospital is high, both in the UK and globally, and contri-
butes to antimicrobial resistance (AMR).? High AC and AMR are
a particular concern in paediatric haematology and oncology
specialties.” AMR and AC vary by centre,? highlighting the import-
ance of accurate and systematic surveillance.

Unfortunately, major issues exist in the methods used for
measuring and reporting AC in children. These include the

standard use of the inappropriate DDD metric,*> estimations

from dispensary data rather than actual patient-level adminis-
trations® and lack of paediatric-specific reporting.”-® This is a ma-
jor barrier to benchmarking AC and sharing best antimicrobial
stewardship (AMS) practices between centres and regions.
Point-prevalence surveys are often used to collect patient-
level AC data in children.®® These manual surveys are valuable
tools to assess appropriateness of antimicrobial prescriptions,
but are labour intensive, and only provide a snapshot in time, re-
sulting in poor estimates of trends over time.> Continuous data
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from electronic prescribing systems have been shown to improve
reliability of estimating AC over time, enhancing the ability to
monitor trends and the impact of AMS programmes, but are cur-
rently underutilized.

The inevitable move towards electronic prescribing in the UK
NHS and other high-income countries presents an opportunity
to establish more systematic approaches to benchmarking AC in
key paediatric populations. Electronic prescribing systems allow
application of the days of therapy (DOT) metric, which is theoret-
ically and practically more suitable for paediatric populations. To
demonstrate this, we performed a retrospective study comparing
AC between haematology-oncology units at two UK centres.

Materials and methods

Ethics

Permission to use anonymous aggregated data for benchmarking pur-
poses was obtained through Oxford University Hospitals (OUH) and
University Hospital Southampton (UHS) NHS Foundation Trusts as part
of two ongoing quality improvement projects.

Design and setting

This retrospective analysis compares data from the inpatient paediatric
haematology and oncology units at two UK university hospitals. Each
hospital provides tertiary-level haematology and oncology services to po-
pulations of approximately 3-4 million people and treats around 100-120
children with new oncological diagnoses yearly. Both deliver standard
chemotherapy and autologous stem cell transplants in line with nation-
al/international protocols. Neither site undertakes allogeneic paediatric
stem cell transplants. Specialist paediatric infectious diseases and AMS
programmes are available at each centre, providing consult-based ser-
vices and routine review of all children on antimicrobials through reqular
AMS rounds (2-3 times per week).

Data collection

Both hospitals have paediatric antimicrobial surveillance systems (see
Supplementary Methods, available as Supplementary data at JAC-AMR

Online), reporting aggregated ward-level DOT for all antimicrobials, calcu-
lated directly from electronic health records, corrected for case load using
the patient-days (PD) denominator: defined as the number of inpatients
at midnight each day.

Between January 2018 and December 2022, monthly DOT per 100 PD
for each unit were extracted directly from respective AMS systems for a
subgroup of 1V antibiotics, selected by clinical consensus based on their
relevance to antibiotic prescribing in current haematology-oncology
guidelines. Total antibiotic use was calculated as the sum of these anti-
biotics. Authors did not have direct access to the raw databases from
which aggregated data were extracted.

Statistical methods

Consumption was reported as median (IQR) monthly DOT per 100 PD.
Median estimates were compared using the Wilcoxon rank-sum test.
Time series were modelled using linear regression or autoregressive
moving-average models, including seasonality terms, with final
model choice based on auto correlation function (ACF) and partial-ACF
plots, and optimal Akaike information criterion.® Estimates of
change in consumption over time were reported with 95% CI and P values
using robust standard errors where appropriate,'® without multiple
hypothesis correction. Statistical analysis was performed using R version
4111

Results

Over the 5 year period total PD were 18505 for OUH and 24427
for UHS. Total IV antibiotic consumption was similar by site,
with median monthly consumption of 25.9 (OUH) and 29.4
(UHS) DOT per 100 PD (P=0.19, Table 1). We observed similar an-
nual decreases in total consumption over time for both sites
(Figure 1q, Table S1).

Usage by antibiotic

Median monthly DOT per 100 PD was significantly greater at UHS
versus OUH for meropenem, piperacillin/tazobactam and teico-
planin (Table 1), although the relative differences between sites
were small for meropenem and piperacillin/tazobactam.

Table 1. IV consumption by antibiotic across the entire study period, displayed as median and IQR for monthly DOT per 100 PD. P values are calculated
using the Wilcoxon rank-sum (WRS) test to compare median consumption over the entire study period

OUH

UHS

WRS test
Antimicrobial Median IQR Median IQR P value
All 25.87 22.09-33.94 29.37 24.20-34.91 0.19
Amikacin 0.00 0.00-0.00 0.00 0.00-0.00 0.33
Gentamicin 0.55 0.26-1.28 0.78 0.16-1.84 0.38
Ceftazidime 0.00 0.00-0.00 0.00 0.00-0.05 0.92
Ceftriaxone 4,90 3.27-5.97 1.54 0.79-2.67 <0.0001
Ciprofloxacin 0.00 0.00-0.46 0.00 0.00-1.39 0.13
Ertapenem 0.00 0.00-0.00 0.00 0.00-0.00 0.090
Flucloxacillin 0.00 0.00-0.45 0.00 0.00-0.62 0.54
Meropenem 2.82 1.13-4.93 3.65 2.03-6.77 0.027
Piperacillin/tazobactam 13.82 9.76-17.90 15.77 13.16-19.43 0.0057
Teicoplanin 0.53 0.00-2.44 1.69 0.48-2.66 0.0083
Vancomycin 1.65 0.63-3.28 1.49 0.59-2.28 0.38

IQR, Interquartile Range; OUH, Oxford University Hospitals; UHS, University Hospital Southampton.
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Figure 1. IV antibiotic use by site in DOT per 100 PD over the study period. (a) Total antibiotic use, (b) piperacillin/tazobactam, (c) meropenem, (d) cef-
triaxone, (e) vancomycin. Dots represent raw monthly DOT per 100 PD. Solid lines represent fitted models for estimating trends over time, as described
in the methods, dashed lines represent LOESS-fitted curves to demonstrate locally averaged changes. Apparent seasonal trends depicted by solid si-
nusoidal curves for meropenem (OUH) and ceftriaxone (UHS) are statistical artefacts resulting from applying different seasonality terms to model each
dataset (see methods for details). OUH, Oxford University Hospitals; UHS, University Hospital Southampton.

Ceftriaxone use was three times lower at UHS (Table 1)—a pat-
tern seen across the entire study period (Figure 1d). Other antibio-
tics were used less frequently, with no significant difference
between sites (Table 1, Figure S1). Monthly mean, standard devi-
ation and percentage of total antibiotic use are presented in
Table S2.

Trends for specific antibiotics

For the UHS site, piperacillin/tazobactam consumption decreased
annually by 2.3 DOT per 100 PD (95% CI: 1.3-3.3) (Figure 1b,
Table S1). A decrease was also seen at OUH, although this was
not statistically significant (annual decrease 0.8 DOT per
100 PD, 95% CI: —1.73 to 3.33). Locally estimated scatterplot
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smoothing (LOESS)-fitted curves show that consumption of
piperacillin/tazobactam at OUH decreased in 2018, with steady
usage for subsequent years. Conversely, meropenem consump-
tion showed a significant decrease over time at the OUH site,
and no change at UHS (Figure 1c, Table S1). Ceftriaxone consump-
tion showed no significant change over time at either site
(Figure 1d, Table S1).

A small but statistically significant decrease in vancomycin
consumption was observed at both sites, with a greater decrease
at OUH than UHS (annual decreases of 0.8 and 0.4 DOT per
100 PD respectively, Table S1, Figure 1e). Changes in teicoplanin
use were small, and only statistically significant for OUH.
Similarly, we observed a small decrease in gentamicin use at
both sites, which was significant only for UHS.

Discussion

This retrospective study sought to describe IV antibiotic use at
two inpatient paediatric haematology-oncology units. Our find-
ings demonstrate substantial similarity in overall use and trends
between sites. Key strengths of this approach are the simplicity,
use of longitudinal administration data rather than dispensary
data or point-prevalence surveys, and paediatric-appropriate
metrics. The observed decrease in overall antibiotic use at both
sites is a welcome finding, given the worrying global pattern of in-
creased AMR rates in children and adults.'? The very low rate of
aminoglycoside and glycopeptide consumption is also reassur-
ing, suggesting good adherence to national guidelines on neutro-
penic sepsis management.*

Although prescribing patterns at both sites were similar over-
all, significant differences were observed, demonstrating the
power of this approach to produce vital benchmarking data. For
example, the observed lower rate of ceftriaxone use at UHS iden-
tifies a possible target for AMS interventions. As very broad-
spectrum antimicrobial use is high in this vulnerable patient
group, especially piperacillin/tazobactam and meropenem, a
switch to ceftriaxone when appropriate, such as in non-
neutropenic febrile patients, is desirable, and also facilitates am-
bulatory care. Targeting paediatric haematology-oncology AMS
interventions to specific antimicrobial groups has been shown
to be feasible and safe whilst also reducing antimicrobial expos-
ure, AMR rates and cost.***® Our use of continuous data also en-
ables temporal intrasite benchmarking, and could be used to
assess the impact of such targeted interventions, with greater
precision than other methods.

Lack of similar data limits comparisons that can be made be-
tween our data and those of other centres. Where similar data
are available, there are often multiple confounders limiting inter-
pretability.®*® This highlights the need for more systematic ap-
proaches to AC reporting in children. Numerous expert
consensus reviews have highlighted the importance of systemat-
ic surveillance of both AC and AMR,*”*® as understanding the
interplay between these factors is crucial to developing effective
and safe AMS strategies.

Our study has important limitations. Including only two sites,
neither of which offers allogenic BMT, limits generalizability.
However, this is a highly specialized service, offered at a small
number of centres. Our data will therefore be meaningful to
many units in the UK and abroad.

In this analysis we were unable to link data to report additional
measures of interest, including length of antibiotic course, dosing,
indication, prophylaxis versus treatment, case mix, or clinical out-
comes. These additions would certainly provide richer data, but
are more complex to automate, so are currently not feasible for
most paediatric AMS services in the UK, including our own,
many of which have no dedicated funding.'® We also restricted
this analysis to IV antibiotics to present a clear message. Future
work will focus on additional antimicrobial groups and routes.
We have assumed the case mix is comparable based on the scope
and size of each service, and through anecdotal discussion with
service providers. However, potential differences remain that
could affect our results, but which we could not directly measure,
such as the proportions of patients with haematological or onco-
logical conditions treated outside these specialist wards.

Despite these limitations, we believe our study establishes a
simple and reproducible methodology for intrasite and intersite
benchmarking of AC. Our method uses routinely collected elec-
tronic prescribing data, and reports more accurate and reliable
measures of AC than current reporting metrics in the UK. We
show that this approach can highlight clinically impactful similar-
ities and differences in practice. This provides a template for co-
ordinating future large-scale paediatric AC monitoring in
hospitals. Such programmes would fill the existing void in system-
atic data on paediatric AC, but would require a centrally coordi-
nated approach to enable uniformity of data collection, analysis
and reporting, to maximize comparability. This highlights the cru-
cial role played by national bodies in recognizing the risk of AMR in
children and funding paediatric AMS services appropriately.'?°
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