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a b  s  t  r a  c t

Introduction:  Outpatient  parenteral  antimicrobial  treatment  (OPAT)  is an alternative to  in-patient  care
in carefully  selected  patients.  This  study  presents  a  self-administration  OPAT program integrated  within
the  pediatric antibiotic stewardship program (ASP) in a pediatric  tertiary care  center.
Material  and methods:  Descriptive,  retrospective  and  unicentric  study.  Data  from  all patients  under  20
years  of  age who  were  prescribed  treatment  by  a  pediatric unit  during  2019  and  2020  were  included.
Data regarding  number of saved beds and estimating the opportunity  cost  of the  OPAT  program for  the
hospital were  analyzed.
Results: Fifty-seven  patients received  106 episodes  of treatment. Favorable clinical  outcome occurred  in
74.5%  of the  episodes. The main  cause  of premature interruption  was unfavorable  clinical  outcome  of the
infection  (37.1%). A total  of 2.62  beds/day  were  saved, resulting  in an economic benefit  of 1,069,963 D .
Conclusion: A  self-administration  OPAT program integrated  within  the  pediatric  ASP has  proven  to be
safe  and  effective  and  provides economic benefits.

© 2021 Sociedad  Española de
Enfermedades  Infecciosas  y  Microbiologı́a  Clı́nica. Published by  Elsevier España,  S.L.U. All rights  reserved.
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r  e  s u  m  e  n

Introducción:  El tratamiento antimicrobiano domiciliario  endovenoso  (TADE) es una alternativa a  la hos-
pitalización para  pacientes pediátricos bien  seleccionados.  Presentamos  un programa  TADE  basado  en  un
modelo de  autoadministración  e  integrado  en  el programa de  optimización  del uso  de  antimicrobianos
(PROA)  de  un hospital  pediátrico  de  tercer  nivel.
Material y métodos:  Estudio descriptivo,  retrospectivo y  unicéntrico  que incluye todos  los  pacientes
menores  de  20 años  tratados con  TADE  prescrito  en un hospital  pediátrico  entre 2019 y  2020. Se analizaron
los datos sobre  los días de  ingreso  ahorrados  y  una  estimación  económica  del  coste  oportunidad  que
supone  el programa  TADE  para el  hospital.
Resultados: Cincuenta  y  siete  pacientes realizaron  un total  de  106 episodios  de  tratamiento.  En  el  74,5%
hubo  una evolución  clínica favorable. El principal  motivo  de  interrupción  prematura  fue  una  mala  evolu-
ción de  la infección (37,1%).  Se liberaron  2,62  camas diarias,  suponiendo  un beneficio  económico de
1.069.963  D  .

DOI of original article: https://doi.org/10.1016/j.eimc.2021.10.011
∗ Corresponding author.

E-mail address: aufernan@vhebron.net (A. Fernández-Polo).
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Conclusión:  Un  programa  TADE  integrado en  el PROA pediátrico  de  nuestro  hospital  y basado  en  un modelo
de autoadministración  se ha mostrado  un programa  seguro  y efectivo  y  aporta importantes ventajas  a nivel
económico.

© 2021  Sociedad  Española de  Enfermedades  Infecciosas  y Microbiologı́a  Clı́nica.  Publicado  por Elsevier
España, S.L.U. Todos  los derechos  reservados.

Introduction

The growing complexity in the diagnosis and treatment of infec-
tious diseases and the increase in resistances have necessitated
the implementation of Antimicrobial Stewardship Programmes
(ASP). These institutional antimicrobial stewardship programmes

have been introduced to  improve clinical outcomes in patients with
infections, minimise adverse effects and guarantee the use of cost-
effective treatments.1 The need for a paediatric-specific ASP has
been recognised in  recent years.2 In this population group, there is
less scientific evidence about the use of the new antibiotics, there is
a different profile of adverse effects and the dosage regimen is  also
different. In addition, there are differences in the epidemiology of
infections and patterns of antimicrobial resistance in paediatrics.
For all these reasons, the “PROA-NEN” ASP multidisciplinary work-
ing group was established in  2015 at the Barcelona Hospital Campus
Vall d’Hebron Children’s Hospital in  Barcelona.

In the context of the ASPs, and consequently with the aim
of improving the use of antimicrobials, there are Outpatient Par-
enteral Antimicrobial Treatment (OPAT) programmes that permit
the administration of an antibiotic parenterally to  a  patient on an
outpatient basis. The term was first described in 1974 by Rucker
et al. in paediatric patients with cystic fibrosis.3

OPAT seeks to  achieve faster patient recovery, since it avoids
the complications associated with the hospital setting and enables
the patient to return to their family, social and work/school envi-
ronment sooner.3,4 It also represents significant savings in hospital
beds and associated costs. Different studies have demonstrated that
it is a safe, effective and more efficient care modality than conven-
tional hospitalisation.4–8 However, most of these works focus on
adult pathology and there are fewer works in  paediatrics.9,10

Our centre’s OPAT programme comprises a  multidisciplinary
team of paediatric infectologists, other paediatric specialties, nurs-
ing professionals and pharmacists. One important factor in  the
programme’s success is to ensure an adequate patient screening
based on the following inclusion criteria3: there must be no other
oral options with equivalent efficacy, the patient must be clinically
stable, the caregiver and/or patient must feel safe and under-
stand the indications for at-home administration, which must be
adequate, and good communication between families and health
personnel must be guaranteed. The correct selection of venous
access is also important. The self-administration model is  used in
our hospital. The nursing team is responsible for training and edu-
cating the patient/caregiver in the drug administration technique
and there is also a Guide available for the home administration of
intravenous antibiotics created by our  hospital.

This paper is intended to present an OPAT project in  pae-
diatrics integrated in the “PROA-NEN” ASP programme in a
high-complexity paediatric hospital.

Patients and methods

A retrospective, descriptive and single-centre study was carried
out, including all  patients under 20 years of age who  had received
OPAT treatment prescribed by a  specialised paediatric unit between
January 2019 and December 2020.

The data collected included: therapeutic indication, antimicro-
bial administered, duration of the treatment episode, treatment

Table 1
Public prices of healthcare activities recorded according to  the  Servei Català de la
Salut in 2020.11

Services Rates

First-stage medical stay (1st–5th day) D  751
Second-stage medical stay (6th day onwards) D 597
Medical visit D 48
Nursing visit D  48
Pharmaceutical care  visit D  80

modality (monotherapy or multiple therapy), microbiological
result (type of culture and isolated microorganism), final clinical
result, appearance of adverse effects and reason for discontinuation
of the treatment. A financial estimate of the opportunity cost for
the hospital involved in carrying out the treatment on an inpatient
basis compared to  treatment with the OPAT programme was also
analysed. The cost of providing the treatment during admission was
calculated by taking into account the cost per day of hospitalisation
according to the public prices established by the Servei Català de
Salut 202011 (Table 1)  per hospital stay. The cost of treatment with
the OPAT programme included direct costs, the cost of the outpa-
tient clinical follow-up of each OPAT episode, plus the median cost
of medications and administration material.

The clinical data were obtained from the hospital’s comput-
erised clinical history. They were collected in  a  RedCap database
and the statistical analysis consisted of calculating medians with
their interquartile ranges (IQR) or means and their standard devi-
ations (SD) according to  the type of variable. This study was
submitted to and approved by the Medicines Research Ethics Com-
mittee (mREC) of the Hospital Universitari Vall d’Hebron under
code PROA-NEN/HUV-ANT-2017-01.

Results

Fifty-seven (57) patients were included, 34 males (59.6%), with
a median age of 10.5 years (IQR: 5.5–16.0). These patients received
a total of 106 treatment episodes, 77 in  2019 and 29 in  2020, with
a  median OPAT duration of 13 days (IQR: 9.0–17.3). On average,
each patient had 1.9 OPAT episodes (SD: 1.4), all according to the
self-administration model.

The most commonly treated infections were respiratory super-
infections in patients with cystic fibrosis (n =  37; 36 in  2019 and
1 in  2020 [34.9%]), cholangitis (n =  29; 16 in 2019 and 13 in 2020
[27.4%]), osteoarticular infections (n = 10; 6 in 2019 and 4 in 2020
[9.4%]) and complicated urinary tract infections (n =  8; 7 in 2019
and 1 in  2020 [7.5%]).

The most commonly used antibiotics were piperacillin-
tazobactam (n = 23; 15.6%), colistin (n  =  19; 12.9%), ceftazidime
(n =  14; 9.5%), teicoplanin (n =  13; 8.8%) and meropenem (n =  13;
8.8%). The drugs were mostly administered as monotherapy (n = 71;
67.0%), although bitherapy (n  =  30; 28.3%), triple therapy (n =  4;
3.8%) and even quadruple therapy (n =  1; 0.9%) were used on some
occasions. The most utilised venous accesses were the midline
venous catheter or  Midline and the peripherally inserted central
catheter (PICC). No patients had a peripheral venous catheter (PVC).

The microbiological data analysed demonstrated significant
variability in the microorganisms isolated and in the types of  micro-
biological tests performed. A  positive result was obtained in 79 of
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Table  2
Microorganisms isolated on more than one occasion in infections treated with OPAT.

Microorganism isolated Positive isolates Sample type %  of the number of episodes

Pseudomonas

aeruginosa
28

Sputum (19) 26.4
Pharyngeal swab (7)
Urine culture (1)
Bile  fluid (1)

Staphylococcus aureus

(MRSA)
23 (9)

Sputum (16) 21.7 (39.1)
Pharyngeal swab (2)
Blood culture (2)
Pus from abscess (2)
Bronchial aspirate (1)

Candida albicans 10
Sputum (7) 9.4
Pharyngeal swab (2)
Bronchial aspirate (1)

Escherichia coli (ESBL) 8  (3)

Urine culture (3) 7.5  (37.5)
Blood  culture (1)
Sputum (1)
Drainage fluid (1)
Fluid collection (1)
Middle ear exudate (1)

Stenotrophomonas

maltophilia
7

Sputum (5) 6.6
Bronchial aspirate (1)
Pharyngeal swab (1)

Klebsiella pneumoniae
(ESBL)

7 (6)
Urine culture (6) 6.6  (85.7)
Sputum (1)

Streptococcus anginosus 4
Brain abscess pus (2) 3.8
Skin exudate (1)
Peritoneal fluid (1)

Plasma
coagulase-negative
staphylococci

4
Blood culture (2) 3.8
Skin exudate (1)
Catheter tip (1)

Aspergillus fumigatus 4  Sputum (4) 3.8
Achromobacter xylosoxidans 3  Sputum (3) 2.8
Aspergillus

citrinoterreus
3

Sputum (2) 2.8
Bronchial aspirate (1)

Enterococcus faecium 2
Bile fluid (1)  1.9
Drainage fluid (1)

Enterobacter cloacae 2
Urine culture (1) 1.9
Blood  culture (1)

Serratia marcescens 2  Pharyngeal swab (2) 1.9
Candida  glabrata 2  Sputum (2) 1.9
Scedosporium apiospesmum 2  Sputum (2) 1.9
Other  21 a 19.8
Negative  24  – 22.6
Not  performed 3  – 2.8
Total 159b – –

ESBL: Extended-spectrum �-lactamases; MRSA: Methicillin-resistant Staphylococcus aureus
a Microorganisms isolated only on one occasion are included (Achromobacter insuavi, Aspergillus flavus,  Borrelia spp., Candida parapsilosis, Citrobakter braaki ESBL, Cit-

robacter  freundii, Corynebacterium striatum, Enterococcus faecalis, Haemophilus haemolyticus,  Haemophilus influenzae serotype b,  Klebsiella aerogenes, Leclercia adecarboxylata,
Mycobacterium tuberculosis, Nocardia cyriacigeorgica, Prevotella loescheii, Prevotella spp., Shewanella algae,  Streptococcus constellatus, Streptococcus dysgalactiae, Streptococcus

mitisgroup, Streptococcus pyogenes).
b The number of isolates is higher than the number of episodes, since more than one microorganism was isolated in some of them.

the episodes (74.5%). In 24 of the cases, all the microbiological anal-
yses were negative (22.6%) and they were not  performed in the
remaining 3 (2.8%). The most frequently isolated microorganisms
were Pseudomonas aeruginosa (n  =  28; 26.4%), Staphylococcus aureus

(n = 23; 21.7%) — in  9 cases (n  =  39.1%) methicillin-resistant — and
Candida albicans (n =  10; 9.4%) (Table 2).

Clinical evolution was  favourable in 79 episodes (75.4%), while
the OPAT was discontinued prematurely in 27 (25.5%). These inter-
ruptions were mainly due to poor evolution of the infection (n =  10;
37.1%), the need to optimise antibiotic treatment (n =  8; 29.6%),
catheter occlusions (n = 6; 22.2%) or the appearance of adverse
effects (n = 3; 11.1%). Rehospitalisation was required on 9 occasions
(8.5%) and no catheter-associated bacteraemia was observed.

In total, during the study period, 1,913 days of hospitalisation
were avoided, a  figure that represents a  free-up of 2.62 beds per
day in the 2 years analysed. The estimated cost associated with
total hospitalisation would have been D  1,158,940, while the esti-
mated cost of outpatient clinical follow-up related to OPAT was
D 23,744, and the cost of drugs and material for administration

was D 65,233, constituting a difference of D  1,069,963 in terms of
cost.

Discussion

OPAT programmes were first described more than four decades
ago, and since then their use has been improved and their appli-
cation has been protocolised through the publication of  different
clinical practice guidelines.3,7,8 The publication of some centres’
experience has also helped to  expand knowledge of these treat-
ments. Nevertheless, most of these works focus on adult pathology
and there are fewer works on paediatric OPAT.9,10

Among the latter, Patel el al.9 present data from a  paediatric
OPAT programme in  a UK tertiary care hospital between 2012 and
2015. Their results show a  total of 130 episodes in  123 patients,
and practically half of the treatments administered are for osteoar-
ticular infections. These data contrast with our own  results, with
an average of almost 2 episodes per patient and a  majority of res-
piratory infections in  patients with cystic fibrosis and cholangitis
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in patients with liver disease, indicating a  different patient profile
between both centres, and OPAT is indicated more frequently and
repeatedly in our patients with complex pathology. On  many occa-
sions, the complexity of these patients requires more prolonged
intravenous treatment and a  later sequential switch to  the oral
route. On the other hand, a large number of patients with cystic
fibrosis can be started on OPAT on an outpatient basis, therefore
hospitalisation is  completely avoided in these cases.

The characteristics of the patients treated and the types of infec-
tions and causative microorganisms account, at least partially, for
the high use of broad-spectrum antibiotics in our study. How-
ever, the fact that  OPAT is not a  valid option for all drugs may
lead the spectrum of certain home treatments to  be extended. As
presented by Gilchrist and Seaton12,  this may  conflict with ASP pro-
grammes, often focused on reducing the spectrum of antibiotics
used. The stability of the drug, the speed of administration and the
dosage regimens, as well as the OPAT model (self-administration
vs. administration by  health professionals) are factors that can con-
dition the choice of drugs with a broader spectrum for the home
setting, which is why these same authors say  that  the OPAT team
must be formally represented in the hospital’s ASP programme.
Although both programmes work together in our  centre, the OPAT
self-administration model means that in  most cases the antibiotic
spectrum does not need to  be expanded to facilitate home admin-
istration.

To date, several articles discussing the safety of OPAT have
been published. For example, the Australian paediatric cohort study
published by Sriskandarajah et al.10 analyses the complications of
OPAT and their possible relationship with clinical factors. One of
the components that they detected as a risk  factor for suffering
up to twice as many complications was the self-administration
model. In this regard, it is  important to note that in  our  cen-
tre the self-administration model is always used in conjunction
with training sessions for families, and our rates of complications
are similar or even lower than those described by the aforemen-
tioned study and the different OPAT clinical guidelines.3,7,8 The
Guide for home intravenous antibiotic therapy in  paediatrics13,  a
multidisciplinary effort with graphic support and featuring the par-
ticipation of patients and families, has contributed significantly to
this model’s success.

The fall in OPAT treatment episodes in  our hospital between
2019 and 2020, with 2020 regarded as an exceptional year due to
the COVID-19 pandemic, is  also worthy of note. The best part of
this change can be explained by a major reduction in treatments for
patients with respiratory exacerbations in cystic fibrosis. The non-
pharmacological protection measures implemented on account of
the pandemic and the initiation of modulating and enhancing cys-

tic fibrosis transmembrane conductance regulator (CFTR) treatments
may possibly have contributed to this group presenting fewer
superinfections.

Finally, as suggested by  several studies, OPAT is  an alternative
that favours the financial sustainability of the health system.4,5,14,15

The results published by Chapman et al.4 show that the cost of
OPAT represents 41%  of the estimated hospital cost. In contrast,
our results show that the cost of OPAT represents just 7.7% of the
estimated cost if the patient had been hospitalised. This difference
is possibly due to the self-administration model used, related to
a significant decrease in healthcare personnel costs. In addition,
it should be noted that our  study only examined direct costs and
OPAT represents a  saving in indirect costs, such as optimisation
in the management of hospital beds and less need for families to
travel, hence the benefit is  possibly even greater.

We would conclude that a OPAT programme integrated into
the paediatric ASP programme of a  tertiary paediatric hospital and
based on the self-administration model has been shown to  be a
safe and effective programme that enables multiple infections to

be treated in  complex patients and is associated with a  significant
financial advantage.
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