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Introduction:  We aimed to describe antimicrobial  use  (AU)  and  quality of prescriptions  (QP)  in a 28-bed

medical-surgical  PICU  of  a European  referral children’s hospital during 2019.

Methods:  AU  data were  expressed as  days-of-therapy  (DOT)  over 100  days-present  (DP) and  as  length-

of-treatment  (LOT).  QP  was based  on monthly  cross-sectional  point-prevalence  surveys.  Length-of-stay

(LOS),  readmission  rates (RR),  and  mortality  rates (MR)  were  also collected.

Results:  PICU  AU  accounted for  13.5% of the  global  hospital  AU; the  median PICU  density of AU  was

1.4  (IQR  1.3–1.5)  times higher than  that  of the  rest  of the  hospital  areas.  Antibacterials  represented

88.5% of  the  overall  AU,  cefazolin  and  amoxicillin-clavulanate  being  the  most  used drugs.  A  high  QP

rate  was observed  (149/168  optimal, 88.9%),  with  room  for improvement  in prophylactic  regimens and

de-escalation  of  broad-spectrum  regimens.  LOT, LOS,  RR, and  MR  remained stable.

Conclusions:  PICU AU  represented  a major portion  of the  global  hospital  AU. Despite  high  QP rates,

prophylactic  and  broad-spectrum antibiotic  regimens  were  optimizable.
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Introducción:  Se describe el  uso  de antimicrobianos  (AU)  y  la calidad  de  las prescripciones  (QP) durante

2019  de  una UCI pediátrica  médico-quirúrgica  de  28  camas de un hospital  infantil  europeo de  tercer

nivel.

Métodos:  El  AU se expresó  en días de  tratamiento  (DOT) por 100  días-presente  (DP)  y  en  duración  de

tratamiento  (LOT). La  QP  se midió  en  cortes mensuales. Asimismo, se recogieron  datos sobre  duración  de

ingreso  (LOS),  tasas de  reingreso (RR)  y  tasas de mortalidad  (MR).

Resultados:  El AU  de  la UCI pediátrica representó  el  13,5%  del AU  global  del centro y  la  densidad  media  de

AU  fue  1,4 (RIC 1,3-1,5) veces  mayor  que la del  resto de  áreas  hospitalarias.  Los  antibacterianos  represen-

taron  el  88,5%  del  total  de  AU,  siendo cefazolina y  amoxicilina-clavulánico los fármacos  más utilizados.

Se  observó  una  tasa elevada  de  prescripciones  óptimas  (149/168;  88,9%),  con margen  de  mejora  en las

profilaxis y  el  desescalado de  tratamientos  de  amplio  espectro. LOT, LOS, RR  y  MR  se mantuvieron  estables.

Abbreviations: AU, antimicrobial use; ASP,  antimicrobial stewardship programs; DOT, days-of-therapy; DP,  days-present; ICU, intensive care unit; IQR, interquartile

range;  LOT, length-of-treatment; MR,  mortality rate; PICU, pediatric intensive care unit; PPS, point-prevalence surveys; PRISM III, pediatric risk mortality III score; QP, quality

of  prescriptions; RR, readmission rate.
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Conclusiones:  La UCI pediátrica representó  una  parte  importante  del  AU  global  hospitalario.  A  pesar de  la

elevada  QP  global, los  regímenes  antibióticos  profilácticos  y  de  amplio  espectro  resultaron optimizables.

© 2021  Sociedad  Española  de  Enfermedades Infecciosas y Microbiologı́a  Clı́nica.  Publicado por Elsevier

España,  S.L.U. Todos los  derechos  reservados.

Introduction

Antimicrobial use (AU) is  high in the pediatric population,

especially among pediatric intensive care unit (PICU) patients.1,2

PICU patients are at risk of healthcare-associated infections, many

of which are caused by resistant microorganisms that require

broad-spectrum antibiotics.2 PICUs also account for a  high use

of prophylactic antimicrobials.2,3 Antimicrobial stewardship pro-

grams (ASP) have proved their effectiveness in reducing AU in

children,1,4,5 but data on the most effective interventions for chil-

dren and, especially, for the critically ill pediatric population remain

limited.1,4 Moreover, the use of classical AU measures in  adults,

such as “defined daily dose”, is  discouraged in children because of

the weight-based dosage of antimicrobials in  this population.6,7

Data about the impact of PICU AU on the total hospital AU are

lacking, although AU density could be up to three times higher than

in ward units according to adult experience.8 Also, very few stud-

ies have reported on ASP experiences in improving PICU quality of

prescriptions (QP).4

We aimed to describe AU and QP in  a referral pediatric PICU and

their impact on total hospital AU during the year 2019.

Methods

Setting

We  conducted a  prospective observational study during 2019

in the 28-bed medical-surgical PICU of Hospital Sant Joan de Déu

(Barcelona, Spain), a  268-pediatric-bed referral hospital with a

full range of medical and surgical specialties and a  4-bed bone

marrow transplant unit. The yearly number of hospital and PICU

discharges are around 15,000 and 1200, respectively; among the

latter, approximately 45% correspond to surgical patients (neu-

rosurgery and cardiac surgery, one third each). A median of 6

extracorporeal membrane oxygenation procedures are performed

yearly. The median Pediatric Risk of Mortality III score (PRISM

III) for PICU-admitted patients in  2019 was 3.0  (IQR 2.8–3.6).

The fully operational hospital ASP was implemented in  January

2017. The main ASP strategy was face-to-face and/or electronic

post-prescription review with feedback, together with other non-

restrictive and educational strategies (see Suppl. Appendix 1).5 This

study was approved by the local ethics committee (ref. 32–20),

which granted a waiver of individual informed consent. The study

was performed in accordance with the ethical standards as laid

down in the 1964 Declaration of Helsinki and its later amendments.

Design

Data were collected from the e-prescription system and elec-

tronic clinical charts between January 1 and December 31, 2019. AU

was calculated using days-of-therapy (DOT), defined as the aggre-

gate sum of days that a  specific antimicrobial was administered

to a patient.5,9 To express density of AU, DOT was standardized to

100 days present (DP),  considering one day present any amount

of time in a calendar day spent by  a  patient in  a  definite hospital

location.5 Length-of-therapy (LOT) was used as a complementary

AU  indicator and defined as the duration of antimicrobial treatment

in days. All systemic antibacterials, antifungals, and antivirals were

included. Other complementary measures included length-of-stay

(LOS), PICU readmission rates during the hospital admission (RR)

and mortality rates within PICU admission (MR).

QP was  recorded based on monthly cross-sectional point-

prevalence surveys (PPS) during which all the prescriptions for

PICU patients were evaluated. For a  prescription to be considered

‘optimal’ the prescribed drug should follow local reference guide-

lines accounting for patient allergies, and should be administered

through the correct route, dose, and schedule, and for an appro-

priate duration (considering the actual duration or the expected

duration recorded in the e-prescription system or in  the patient

medical record; Suppl. Appendix 1).5

Statistical analysis

Categorical variables were reported as proportions with 95%

confidence intervals, and continuous variables as medians with

interquartile ranges (IQRs). Correlation between variables was cal-

culated using Pearson’s correlation coefficient. Statistical analysis

was  carried out using SPSS version 25.0 software (IBM Corp.,

Armonk, NY, U.S.A.). Statistical significance was  defined as a  p-

value <  0.05.

Results

During 2019, 966 out of 1302 (74.2%) patients admitted in the

PICU received antimicrobials. The PICU AU represented 13.5% of  the

global hospital AU during 2019 (PICU and all hospital areas abso-

lute DOT: 6827 and 50,666, respectively). PICU presented a  median

density of AU 1.4 (IQR 1.3–1.5) times higher than that of the rest of

hospital areas.

Of the annual PICU AU,  88.5% corresponded to antibacterials,

5.8% to antivirals, and 5.7% to antifungals (see Fig. 1 and Suppl.

Table 1). The parenteral route prevailed (82.1%). Year 2019 most fre-

quently used antibiotics were cefazolin (183.6 DOT/100DP, 15.3%),

amoxicillin-clavulanate (127.6 DOT/100DP, 10.6%), vancomycin

(126.2 DOT/100DP, 10.5%), and cefotaxime (102.1 DOT/100DP,

8.5%). Acyclovir (30.8 DOT/100DP, 2.6%) and liposomal ampho-

tericin B (21.2 DOT/100DP, 1.8%) were the most commonly used

antiviral and antifungal drugs, respectively. Main results expressed

in monthly medians are summarized in  Table 1.

Regarding QP, 168 antimicrobial prescriptions for 95 patients

were evaluated in  the 12 monthly PPS, 20.8% of which had a

prophylactic intention (see  Suppl. Table 2). High rates of  opti-

mal prescriptions were observed in all PPS (median 88.9%, IQR

81.8–90.9) except in August (57.1%) (Table 1). The most frequent

reasons for non-optimal prescription (19/168, 11.3%) were an inad-

equate spectrum (9/19, excessively broad and too narrow spectrum

in  7 and 2, respectively) and excessive antimicrobial course dura-

tion (7/19). Nearly one third (30.0%) of non-optimal prescriptions

had a prophylactic intention.

In August 2019, due to an increase in  critically ill patients with

hematological malignancies, meropenem, piperacillin-tazobactam,

and vancomycin use peaked, together with an increase in LOS  and

MR  and a  marked decrease in QP (see Fig. 1). Other than this,

LOT, LOS, RR, and MR  remained stable during 2019 (Table 1). DOT

and QP rates inversely correlated (Pearson’s correlation; r =  −0.565,

p  =  0.056); no other associations were observed.
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Fig. 1. Monthly antimicrobial use expressed in days-of-therapy over 100 days

present (DOT/100DP) in PICU. (a) Global antibacterial, antiviral, and antifungal drugs

use;  (b) six most used antibacterials during 2019.

Discussion

As previously reported,9 almost 75% of PICU-admitted patients

in our study received at least one antimicrobial. PICU AU repre-

sented around 13% of total hospital AU, with a  density of AU 1.4

times higher than that of the rest of hospital areas. Data evaluating

the impact of PICU AU on total hospital AU are lacking.4 Most pedi-

atric studies report either global hospital AU,  or PICU AU alone.2–4

Our density of AU is lower than that in adult ICUs,8 which has been

reported to be 2.2–3 times higher than in  non-ICU areas,8 but it still

represents a major portion of total hospital AU. This highlights how

important it is for ASP to work together with PICU teams.2 Studies

on PICU AU are scarce and difficult to compare, mainly due to  differ-

ences in the indicators used, levels of care, areas of specialization,

and the local antimicrobial resistance patterns.3,9,10

Although many authors have recommended the use of more

than one indicator when reporting AU data, most PICU studies are

based on standardized DOT alone.4 DOT have intrinsic limitations

such as overrepresentation of the use of >1 antimicrobial regardless

of their spectrum.6 We  used LOT as a  complementary indicator to

overcome DOT limitations. LOT gives a good picture of  the overall

length of antimicrobial prescriptions in  a  specific unit or center

and, together with LOS, is usually easier to understand to pre-

scribers than DOT.11 The short LOT we observed (median 2.0 days)

was  likely due to the elevated proportion of prophylactic cefazolin

prescriptions.9

Cefazolin is  known to be one of the commonest antimicrobials in

PICUs.2,9 In accordance with previous studies, longer than required

prophylaxis and high use of broad-spectrum antimicrobials were

identified as the main causes of non-optimal prescription.10,12,13

A  number of authors have demonstrated that ASP can successfully

reduce the use of the latter, which in turn can have a relevant impact

on antimicrobial resistance rates.5,9 In our  study, piperacillin-

tazobactam and meropenem represented 7.8% and 6.1% of  total AU

during 2019, respectively. Except for the August peak, these rates

are lower than those reported by PICUs similar to ours, in terms of

patients’ complexity and conditions treated, in the absence of  ASP,

which range from 14.3% to 31.5%.12,13

RR and MR remained low and stable during the study period14;

suggesting that ASP interventions did not lead to increased

harm.1,5,7 In August 2019, the rise in broad-spectrum AU, LOS, and

MR was  accompanied by a  drop in  the QP rate. This can be partly

explained both by the increased complexity of the patients’ con-

ditions, and a  decline in  the number of admissions after elective

surgeries during the summer period. Permanent monitoring by

ASP teams can help detect unexpected variations in ASP indicators,

allowing for implementation of corrective measures.7

QP monitoring is time-consuming and further complicates

standardization due to the different QP indicators available.1,13

However, it should be  kept in  mind that the main objec-

tive of ASP is to improve quality of care, above decreasing

AU or expenditure.7,13 Compared to  previous studies, our  QP

rates were high10,13; nevertheless, some areas for improvement

were identified, such as shortening prophylactic courses and de-

escalating broad-spectrum antimicrobial regimens. The former can

be achieved by means of biomarker-based decision algorithms, tai-

loring the duration of antibiotics to  the intraoperative findings,

automated e-prescription filters for certain drugs, or the implemen-

tation of periodical rounds with infectious diseases specialists and

pharmacists.15

The single-center observational design, the short study period,

and the lack of previous data for comparison are obvious limita-

tions of our study. ASP evaluations should be complemented with

Table 1

Pediatric intensive care unit antimicrobial use and complementary indicators during 2019. Monthly data are expressed as medians or proportions. Total 2019 data are

expressed as medians and interquartile ranges of monthly values, or proportions and 95% confidence intervals of monthly values.

AU (DOT/100DP,

median)

LOT (days,

median)

LOS (days,

median)

RR  (%)  MR (%) PRISM III score

(median)

QP (% of optimal

prescriptions)

Evaluated

prescriptions (n)a

Jan. 101.2 3.0 5.3 0.9  0.9 2.6 90.9 22

Feb. 114.8 2.0 4.0 0  1.0 2.9 100 15

Mar. 101.7 2.0 4.8 0.9  1.8 2.5 90.9 11

Apr. 89.1 2.0 4.3 0  0  3.3 83.3 6

May  90.9 2.0 4.3 0.9  1.9 2.7 100 10

June 93.2 2.0 5.0 0.8  0.8 4.4 94.1 18

July 107.9 2.0 4.6 0.9  0  4.1 88.9 9

Aug.  152.3 2.0 4.3 0  4.0 3.0  57.1 7

Sept.  97.1 2.0 3.6 0  0  3.6 77.3 22

Oct. 100.2 2.0 4.1 0.8  1.7 2.8 100 8

Nov.  75.7 2.0 4.4 0  2.5 2.8 90.0 10

Dec. 75.1 3.0 5.8 0  1.7 3.6 86.7 30

2019 98.6 (90.5–103.2) 2.0 (2.0–3.0) 4.5 (4.2–4.8) 0.4% (0–0.9) 1.3% (0.6–1.8) 3.0  (2.8–3.6) 88.9% (81.8–90.9) 168

AU, antimicrobial use; DOT, days-of-therapy; DP, days-present; LOS, length-of-stay; LOT,  length-of-treatment; MR, mortality rates; QP, quality of prescriptions; RR, readmis-

sion  rates.
a Individual drug prescriptions; >1 prescription may be evaluated in  a  single patient.
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microbiological indicators (i.e. extended spectrum beta-lactamase

and carbapenemase producing Enterobacteriaceae,  multi-drug

resistant Pseudomonas aeruginosa or  methicillin resistant Staphy-

lococcus aureus)  in  the search for changes in resistance patterns.

Finally, PPS do not allow to draw conclusions about data outside

the specified time frame.

In summary, our study shows the relevant impact of PICU AU on

the global hospital AU, although the density of use was lower than

that reported in adult ICUs. A high rate of optimal prescriptions was

observed, but unnecessary broad-spectrum regimens and longer

than required prophylaxis were identified. Available data on PICU

AU are scarce and heterogeneous, making comparisons difficult to

establish. Appropriate ASP indicators for PICU patients are  needed

to establish targets, assess the impact of interventions, and permit

benchmarking.

Funding

No specific funding was received for this study; data were

generated as part of the routine work of Hospital Sant Joan de

Déu.

Conflicts of interest

Sílvia Simó Nebot was  supported by “Contratos Río Hortega,

Convocatoria 2018” (Acción Estratégica de Salud, Ayudas y Sub-

venciones, Instituto de Salud Carlos III,  Ministerio de Ciencia

e Innovación, Spain) [CM18/00054]. Antoni Noguera-Julian was

supported by “Subvencions per a  la Intensificació de Facultatius

Especialistes” (Departament de Salut de la Generalitat de Catalunya,

Programa PERIS 2016–2020) [SLT008/18/00193].

Sílvia Simó Nebot and Clàudia Fortuny have received funds for

speaking at symposia organized on behalf of Gilead Sciences.

The rest of the authors have no conflicts of interest to disclose.

Acknowledgements

We  would like to  thank Maria Ríos-Barnes, Manuel Monsonís

and Mireia Urrea of Hospital Sant Joan de Déu’ Antimicrobial Stew-

ardship Program, as well as Clàudia Fortuny and Franscisco José

Cambra for their contribution to the study. We also thank all the

Pharmacy Department and the Pediatric Intensive Care Unit team

of Hospital Sant Joan de Déu for their daily dedication to  improv-

ing  the management and quality of care of critically ill pediatric

patients and, finally, the computer, statistics, and hospital man-

agement teams of  Hospital Sant Joan de Déu and Sant Joan de Déu

Research Foundation for their invaluable help in  antimicrobial use

data extraction and analysis.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in

the online version, at doi:10.1016/j.eimc.2021.05.001.

References

1. Smith MJ,  Gerber JS, Hersh AL. Inpatient antimicrobial stewardship in pediatrics:
a  systematic review. J Pediatric Infect Dis Soc. 2015;4:e127–35.

2. Grohskopf LA, Huskins WC,  Sinkowitz-Cochran RL, Levine GL,  Goldmann DA,
Jarvis WR,  et  al. Use of antimicrobial agents in United States neonatal and pedi-
atric intensive care  patients. Pediatr Infect Dis J. 2005;24:766–73.

3. Aizawa Y, Suwa J,  Higuchi H, Fukuoka K, Furuichi M,  Kaneko T,  et al. Antimicrobial
stewardship program in a  pediatric Intensive care unit. J  Pediatric Infect Dis Soc.
2018;7:e156–9.

4. Donà D, Barbieri E, Daverio M,  Lundin R, Giaquinto C, Zaoutis T, et al.  Implemen-
tation and impact of pediatric antimicrobial stewardship programs: a  systematic
scoping review. Antimicrob Resist  Infect Control. 2020;9:3.

5. Velasco E, Simó S, Ríos-Barnés M,  López-Ramos MG,  Monsonís M, Urrea-Ayala
M,  et al. Benefits of a pediatric antimicrobial stewardship program in antimicro-
bial use and quality of prescriptions in a  referral children’s hospital. J Pediatr.
2020;225:222–30.

6. Grau S, Bou G, Fondevilla E, Nicolás J, Rodríguez-Maresca M,  Martínez-Martínez
L.  How to  measure and monitor antimicrobial consumption and resistance.
Enferm Infecc Microbiol Clin. 2013;31:16–24.

7. Barlam TF,  Cosgrove SE,  Abbo LM,  MacDougall C,  Schuetz AN, Septimus EJ, et al.
Implementing an antibiotic stewardship program: Guidelines by the Infectious
Diseases Society of America and the Society for Healthcare Epidemiology of
America. Clin Infect Dis. 2016;62:51–77.

8. Timsit J-F, Bassetti M,  Cremer O, Daikos G, de Waele J,  Kallil A, et al. Rational-
izing antimicrobial therapy in the ICU: a narrative review. Intensive Care Med.
2019;45:172–89.

9. Brogan TV, Thurm C,  Hersh AL,  Gerber JS, Smith MJ,  Shah SS,  et al. Variability in
antibiotic use across PICUs. Pediatr Crit Care Med. 2018;19:519–27.

10. Trivedi KK, Bartash R, Letourneau AR, Abbo L,  Fleisher J, Gagliardo C, et al.
Opportunities to  improve antibiotic appropriateness in U.S  ICUs: a  multicenter
evaluation. Crit  Care Med. 2020;48:968–76.

11. Polk RE, Hohmann SF, Medvedev S, Ibrahim O. Benchmarking risk-adjusted adult
antibacterial drug use in 70 US academic medical center hospitals. Clin Infect
Dis.  2011;53:1100–10.

12. Gharbi M,  Doerholt K, Vergnano S, Bielicki JA, Paulus S, Menson E, et  al. Using a
simple point-prevalence survey to  define appropriate antibiotic prescribing in
hospitalised children across the UK.  BMJ  Open. 2016;6:e012675.

13. Goycochea-Valdivia WA,  Moreno-Ramos F, Paño-Pardo JR, Aracil-Santos FJ,
Baquero-Artigao F,  Del Rosal-Rabes T, et al. Identifying priorities to  improve
paediatric in-hospital antimicrobial use by  cross-sectional evaluation of preva-
lence and appropriateness of prescription. Enferm Infecc Microbiol Clin.
2017;35:556–62.

14. Edwards JD, Lucas AR, Boscardin WJ,  Adams Dudley R.  Repeated critical ill-
ness and unplanned readmissions within 1  year to PICUs. Crit Care Med.
2017;45:1276–84.

15. Ford BA, Martello JL, Wietholter JP, Piechowski KL. Antibiotic de-escalation on
internal medicine services with rounding pharmacists compared to  services
without. Int J Clin Pharm. 2020;42:772–6.

81


	Impact

