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AćĘęėĆĈę

Pneumonia is the leading cause of morbidity and mortality in children world-
wide. Antibiotics are themainstay treatment for bacterial pneumonia so their
use should be clearly mentioned in the pneumonia clinical pathway (CP). This
study aimed to evaluate the effectiveness of pneumonia CP in pediatrics. A
cross-sectional observational study was conducted in a private hospital in
Indonesia. The inclusion criteria were pediatric patients admitted with pneu-
monia in the period of January-December 2017 (pre-CP period) and January-
December 2018 (post-CP) and receiving antibiotics. The effectiveness of CP
was evaluated according to four parameters: length of stay, clinical outcomes,
quality (Gyssens antibiogram) and quantity of antibiotics. A total of 121 eligi-
ble patients’ medical records were analyzed (60 before and 61 after CP imple-
mentation). Second and third generation cephalosporins (42.1%) predomi-
nated the use of antibiotics pre-CP period, whilst aminoglycosides (59.6%)
constituted more than half of antibiotic use in post-CP group. More than half
of the patients stayed in the hospital not more than 3 days pre-CP period vs
31.1% post-CP period. Nearly all patients had good clinical outcomes during
hospitalization between both periods. The proportion of quality of antibiotics
was less than 5% either before or after CP implementation. The quantity of
antibiotics post-CP (408.42deϐineddaily dose/DDDper 100patient days)was
almost two times of pre-CP period (222.42 DDD per 100 patient days). In con-
clusion, implementation of CP could not achieve the targeted goals to reduce
the length of hospitalization and improve the antibiotic use. No discernible
difference was observed in clinical outcomes before and after CP implemen-
tation.
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INTRODUCTION

Pneumonia has been well-deϐined as the leading
cause of morbidity and mortality in children across
the globe, particularly those younger than ϐive years.
TheWorld Health Organization (WHO) Child Health
Reference Group uncovered the fact that themedian
global incidence of pneumonia was around 150mil-
lion cases per year among young children with
10-20 million hospitalization. Further, the report
highlighted another ϐinding that more than 95% of
the pneumonia cases occurred in developing coun-
tries (WHO, 2019). Besides, according to the United
Nations Children’s Fund (UNICEF), pneumonia is
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responsible for more than 800,000 deaths of young
children annually (United Nations Children’s Fund,
2020). In the context of Indonesia, in 2017, the
Ministry of Health documented more than 500,000
pneumonia cases in children and 2,000 fatalities
in this vulnerable population (Center for Data and
Information , 2017).

Pneumonia is also attributable to signiϐicant treat-
ment costs imposing economic burden for the health
system in many countries, in particular, those with
limited ϐinancial resources. WHO estimated the
costs of pneumonia treatment, including diagnostic
procedures and antibiotics, was approximately 109
US$ million each year (WHO, 2019).

Management of pneumonia requires comprehensive
and evidence-based treatment to improve clinical
outcome and control the treatment costs. The treat-
ment should be under the clinical pathway speci-
ϐied for each disease. Clinical Pathways (CPs) are
pivotal components of continuous healthcare qual-
ity improvement initiatives (Lawal et al., 2016). CPs
are documents constructed to organize and stan-
dardize healthcare process. Thus, initiation, devel-
opment and implementation of CPs are essential
to facilitate the optimization of patient outcomes
and patient safety and contain the costs concur-
rently (Vanhaecht et al., 2012).

It has evident that Streptococcus pneumonia is the
most typical pathogenof pneumonia in children (Cil-
loniz et al., 2016). Thus, antibiotics are the main-
stay treatment for pneumonia management signi-
fying the pivotal role of rational antibiotic use in
this infectious disease. The use of antibiotics should
be well-determined and mentioned in the CP for
pneumonia. Rational use of antibiotics signiϐicantly
predicts the improvement of patients’ outcomes.
Nonetheless, antibiotics used irrationally may lead
to some adverse ramiϐications, including treatment
failure, microbial resistance and increased treat-
ment costs (Waseem, 2020). The effectiveness of
CP implementation to decrease hospitalization, hos-
pital readmission rates and healthcare costs have
been documented in some countries (Rotter et al.,
2010). However, CP is regarded as a relatively new
issue among Indonesian hospitals with an inade-
quate evaluation of its implementation.

To some extent, CP has been merely considered as
the supporting document for hospital accreditation.
As a consequence, little study has been conducted
in Indonesia to justify the value of CP. This study
aimed to evaluate the effectiveness of CP implemen-
tation in the management of pediatric inpatients
with pneumonia in Indonesia.

MATERIALS ANDMETHODS

An observational study with the cross-sectional
design was conducted in a private hospital in West
Java, Indonesia. The study hospital initiated the
implementation of CP for pediatric pneumonia
inpatients in January 2018. The CP development
involved the participation of multi-disciplinary
healthcare professional in the hospitals to draft and
ϐinalize the evidence-based CP. Before CP imple-
mentation, the paediatricians used varying medical
references for supporting their clinical decisions,
including the selection of antibiotics. Since the CP
implementation, the paediatricians were required
to follow pre-speciϐied CP for treating children
admitted with pneumonia. The two-page pneumo-
nia CP was developed and made available in the
pediatric ward in late 2017. The pneumonia CP was
an algorithm designed to provide the staff in pedi-
atric ward with information on the management
of pediatric inpatients with pneumonia including
the information on the diagnostic examination,
the choice of antibiotic therapy regimen and other
supportive treatment.

The inclusion criteria for the study samples were
pediatric patients admitted with pneumonia
in the period of January-December 2017 (pre-
implementation of CP) and January-December 2018
(post-implementation) and receiving antibiotics
during hospitalization. Patients were excluded if
they received antibiotics before hospital admis-
sion, had other infectious disease requiring
antibiotics, and their medical records were
incomplete/unavailable. For sample size esti-
mation, Krejcie and Morgan (1970) was used, and
the randomized sampling technique was applied
to select the patients. The study was approved
by the study hospital and the Institutional Ethics
Committee.

Data was collected retrospectively by retriev-
ing patients’ medical records. The information
retrieved from the medical records were patients’
demographic characteristics (age, gender), clinical
features (nutritional status, presenting symptoms),
length of stay, treatment during hospitalization
(symptomatic medicines, antibiotics) and clinical
outcomes. There were two clinical outcomes,
namely good and poor outcomes. Patients had good
clinical outcome if they demonstrated recovery
features and were able to continue treatment at
home after hospital discharge. Conversely, patients
with deteriorating clinical features requiring inten-
sive care and /or referral to other hospital were
deϐined as those with the poor clinical outcome
The effectiveness of CP were evaluated according to
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four parameters: length of stay, clinical outcomes,
quality and quantity of antibiotics. Gyssens method
was used to evaluate the quality of antibiotic
use (Gyssens et al., 1992). Guidelines for Pediatric
Pneumonia from Indonesian Pediatrician Associ-
ation (2009) and the study hospital pneumonia
CP were used to as the standard for evaluating the
quality of antibiotic use before and after CP imple-
mentation, respectively. Meanwhile, the Anatomical
Therapeutic Chemical classiϐication system and the
Deϐined Daily Dose (ATC-DDD) method was applied
to calculate the number of antibiotics (WHO Col-
laborating Centre for Drug Statistics Methodology,
2018).

Data were analyzed using IBM SPSS Statistics for
Windows (version 22.0). Univariate descriptive
statistics were applied to describe the demographic
characteristics, clinical features, treatment, length
of stay, clinical outcomes, the proportion of qual-
ity antibiotic and quantity of antibiotic. Comparison
of CP effectiveness indicators (length of stay, clini-
cal outcomes and quality of antibiotics) before and
after the implementation of CP for pediatric pneu-
monia were tested using the Chi-Square test. Mann-
Whitney test was used to compare the number of
antibiotics used between the twoperiods. Statistical
signiϐicance was established at p<0.05 for the test.

RESULTS AND DISCUSSION

During the study period, a total of 121 eligi-
ble patients’ medical records were retrieved and
reviewed (60 before and 61 after CP implemen-
tation). Both groups were comparable to demo-
graphic and clinical characteristics (Table 1). As
depicted in Table 1, more than 70% of the patients
aged less than ϐive years which were in line
with the prevalence data reported in other pedi-
atric studies (Donà et al., 2018; Bradley et al.,
2011). From the gender perspective, no sig-
niϐicant difference was observed as the propor-
tion of males and females were similar in both
groups. Among the study patients, the major-
ity had normal nutritional status leaving less than
40% being under/overnutrition. Fever, respiratory
and gastrointestinal-related symptoms were docu-
mented as the most frequent presenting problems
during patient admission to the hospital.

Concerning the types of antibiotics used before and
after CP implementation, no similar trend could
be observed (Table 2). As detailed in Table 2, sec-
ond and third-generation cephalosporins (42.1%)
predominated the use of antibiotics pre-CP period.
They were followed by penicillins (15.4%), a
macrolide (12.44%), aminoglycosides (11.3%) and

carbapenem (8.86%), respectively. The different
trend of antibiotic use was seen in the post-CP
group, where aminoglycosides constituted more
than half of antibiotic use, followed by macrolide
with 16.2%. Meanwhile, ceftriaxone as the CP
recommended antibiotic was administered to a
negligible number of patients accounting 1.2% of
antibiotic use for this indication. Besides, as seen in
Table 2, there was a signiϐicant increase in the use
of gentamycin and azithromycin along with the con-
comitant decrease in the use of cephalosporins and
narrow-spectrum beta-lactams (ampicillin, amoxi-
cillin) in the post-CP period. Also, it is important to
note that the use of carbapenem (i.e. meropenem)
remained relatively steady pre-and post-CP period.
Carbapenem should be reserved as a life-saving
antibiotic for severe or resistant bacterial infections,
so the use of meropenem in this sense may trigger
the emergence of carbapenem-resistant bacte-
ria and its serious complication. Further, it was
uncovered in our study that injectable antibiotics
predominated the route of administration either
before or after CP implementation. However, the
proportion of oral antibiotics was slightly higher
preceding CP period (28.9%) as opposed to after
CP came into effect (24.4%). CP has been used to
facilitate quality and cost-efϐiciency in health ser-
vices. The effectiveness of CP implementation can
be evaluated using varying indicators, for example,
length of stay, clinical outcomes. In the context of
infectious disease, the judicious use of antibiotics
can be included as the indicators of successful CP
implementation. The effectiveness of CP imple-
mentation in the present study was assessed using
four parameters: length of stay, clinical outcomes,
quality and quantity of antibiotics (Table 3)

As depicted in Table 3, there were no signiϐicant dif-
ferences between the two periods concerning pre-
deϐined parameters of CP effectiveness. With the
length of stay, more than half of the patients stayed
in the hospital not more than three days pre-CP
period, yet the reverse was seen after CP imple-
mentation in which nearly 70% of patients were
hospitalized for 4-7 days. No discernible trend
was observed in clinical outcomes between pre-and
post-CP groups as nearly all study patients had good
clinical outcomesduringhospitalization. It is impor-
tant to note that CP implementation was yet able
to improve the quality of antibiotic prescribing with
less than 5% of patients receiving rational antibi-
otics before and after CP periods. Intriguingly, CP
implementation, however, increased the antibiotic
consumption as the number of antibiotics adminis-
teredpost-CPwas almost two times of pre-CPperiod
(p=0.408).
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Table 1: Patients’ Demographic and Clinical Characteristics Before and After Implementation of
Pneumonia Clinical Pathway (CP)

Variables Before CP After CP p-value
Implementation

(N=60)
Implementation (N=61)

No. (%) No. (%)

Age (years)
<1 22 (36.7) 25 (41.0)
1-5 27 (45.0) 24 (39.3) 0.758
6-10 8 (13.3) 11 (18.0)
>10 3 (5.0) 1 (1.6)
Gender
Male 31 (51.7) 36 (59.0) 0.416
Female 29 (48.3) 25 (41.0)
Nutritional status
Undernutrition 13 (21.7) 7 (11.5)
Normal 38 (63.3) 44 (72.1) 0.319
Overnutrition 9 (15.0) 10 (16.4)
Presenting symptoms
Fever 49 (81.7) 49 (81.7) 0.972
Cough 51 (85.0) 46 (75.4) 0.273
Shortness of Breath 26 (43.3) 46 (75.4) 0.006
Runny Nose 31 (51.7) 23 (37.7) 0.172
Diarrhoea 12 (20.0) 7 (11.5) 0.301
Nausea/Vomiting 31 (51.7) 28 (46.7) 0.259
Others 15 (25.0) 8 (13.3) 0.590

When comparing our ϐindings with other interna-
tional and national studies investigating the effec-
tiveness of CP implementation, the results were
mixed considerably. Implementation of CP for
pediatric pneumonia in Italian setting (inpatient
and outpatient) uncovered that CP implementation
signiϐicantly decreased the prescription of broad-
spectrum antibiotics (e.g. macrolides, second and
third-generation cephalosporins) and duration of
treatment (Donà et al., 2018). The proportion
of patients receiving broad-spectrum antibiotics
halved and duration of antibiotic treatment reduced
by two days post-CP period. However, no signiϐicant
difference was documented in the length of hospi-
tal stay and treatment failure between pre-and post-
CP groups (Donà et al., 2018). A multi-site study in
China involving adult and pediatric patients admit-
ted with pneumonia found compliance rate with the
recommended antibiotics was far higher in the CP
group (80.1%) compared to its non-CP counterpart
(52.5%) (Zhu et al., 2018). A multicenter study in
the United States of America (USA) conducted to
assess the effectiveness of CP formanaging pediatric
asthma patients found that CP compliance had a

direct impact on the length of stay reduction (Kaiser
et al., 2018). AnotherAmerican studyundertakenby
Bryan et al. found that concordance to CP for respi-
ratory infections in a children’s hospital was asso-
ciated with shorter length of stay and lower hos-
pitalization costs. The use of CP may decrease the
length of hospitalization by approximately one day
and decreased the hospitalization costs by approxi-
mately US$82 per patient (Bryan et al., 2017).

The evidence regarding CP effectiveness was also
sourced from some national studies (Siswanto and
Chalidyanto, 2020; Adiwisastra et al., 2019; Fadi-
lah and Budi, 2017). A study conducted in a pri-
vate hospital in Surabaya uncovered no correla-
tion between CP compliance and length of stay
of pediatric patients with gastrointestinal infec-
tions (Siswanto and Chalidyanto, 2020). A study
evaluating the effectiveness of CHF in the man-
agement of dengue hemorrhagic fever in pediatric
patients in Yogyakarta found that CP can signiϐi-
cantly reduce the duration of hospital stay. Con-
sistent with our study, that study revealed that CP
was yet able to improve patient outcomes in this
acute viral infection (Fadilah and Budi, 2017). Clini-
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Table 2: Types and Quantity of Antibiotics Administered Before and After Clinical Pathway (CP)
Implementation

Types of Antibiotics Pre-CP Period (Total Deϐined Daily
Dose/DDD per 100 patient days =

222.41)

Pre-CP Period (Total Deϐined Daily
Dose/DDD per 100 patient days =

408.42)
DDD per 100
patient days

Drug Utilization
(%)

DDD per 100
patient days

Drug
Utilization (%)

Cephalosporins
Ceϐixime p.o 30.90 13.9 3.42 0.9
Cefotaxime i.v 18.80 8.5 18.05 4.4
Ceftriaxone i.v 35.70 16.1 4.9 1.2
Cefoperazone. v 8,30 3,7 - -
Ceftazidime i.v 4.20 1.9 - -
Penicillins
Ampicillin i.v 14.33 6.4 12.7 3.1
Amoxycillin p.o - - 2.28 0.6
Amoxycillin plus
clavulanic acid p.o

5.83 2.6 0.86 0.21

Ampicillin-sulbactam i.v 14.02 6.3 - -
Meropenem i.v 19.70 8.9 26.56 6.5
Aminoglycosides
Gentamicin i.v 19.08 8.6 235.2 57.6
Amikacin i.v 6.0 2.7 8.2 2.0
Azithromycin p.o 27.66 12.4 66.25 16.2
Chloramphenicol i.v 17.40 7.8 3.40 0.9
Metronidazole i.v 0.50 0.2 - -
Nitrofural p.o - - 26.6 6.5

i.v = intravenous administration, p.o = peroral administration

Table 3: Four Parameters of Clinical Pathway (CP) Effectiveness Before and After CP
Implementation

Parameters Pre-CP Period
(N=60)

Post-CP Period
(N=61)

P-value

Length of stay, No. (%)
1-3 days 31 (51.7) 19 (31.1) 0.065
4-7 days 29 (48.3) 42 (68.9)
Quality of antibiotics, No. (%) 2 (3.3) 2 (3.3) 1.000
Quantity of antibiotics (in Deϐined Daily
Dose per 100 patient days)

222,42 408.42 0.408

Clinical Outcomes, No. (%)
Good outcome 59 (98.3) 60 (98.4) 1.000
Poor/deteriorating outcome 1 (1.7) 1 (1.6)
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cal outcomes are likely determined bymultitude fac-
tors, for example, patient severity, nature of the dis-
ease (acute or chronic) and other factors. Another
national study was conducted inWest Java, in which
the study assessed the effectiveness of CP for the
management of gastroenteritis in pediatric inpa-
tients. The study above revealed that CPwas signiϐi-
cantly effective to increase the rational use of antibi-
otics, decrease the number of antibiotics prescribed
and decrease the length of hospital stay without
compromising the targeted clinical outcomes (Adi-
wisastra et al., 2019).

It is interesting to note that implementation of CP
in the current study could not achieve the targeted
goals to reduce the resource use (i.e. length of stay)
and improve the antibiotic use (quality and quan-
tity indicators). To some extent, low compliance
to CP after its implementation may be attributed
to the suboptimal ϐindings. Regarding the types
of antibiotics used, the majority of antibiotics pre-
scribed were not in line with that of CP, where only
21.7% and 19.7% of antibiotics used pre-and post-
CP, respectively, conformed with CP. Low level of
compliance among prescribers in selecting antibi-
otics in this study might be due to the differences of
antibiotic selection between thosewritten in CP and
the external guidelines such as that set by Indone-
sian Association of Pediatricians (IDAI) (Indonesian
Pediatrician Association, 2009).

IDAI in its guideline-recommended amoxicillin with
the alternatives including amoxicillin-clavulanic
acid, cefaclor and macrolides for children less than
ϐive years, andmacrolides as empirical antibiotics of
choice for children > 5 years. Besides, the guideline
mentioned injectable ampicillin, chloramphenicol,
amoxicillin-clavulanic acid and, second and third-
generation cephalosporins as the recommended
antibiotic for children who cannot tolerate oral
antibiotics (Indonesian Pediatrician Association,
2009). By contrast, CP in the study hospital only
mentioned third-generation cephalosporins (i.e.
ceftriaxone) as the ϐirst-line treatment, and the CP
did not mention alternative antibiotics, including
oral regimens.

The clinicians likely preferred to comply with the
recommendations from external references instead
of hospital guideline. CP in the study hospital should
be reviewed further as injectable ceftriaxone was
assigned as the recommended antibiotic. If this
treatment was less effective, there was a high likeli-
hood to change to a more potent broader spectrum
antibiotic such as carbapenem. Besides, inadequate
dissemination on CP-related information and train-
ing sessions on CP use was likely to be the contribu-

tors of CP non-compliance.

A comprehensive review highlighted its paramount
ϐindings that successful CP implementationwas pre-
dicted by some determinants including the nov-
elty of evidence supporting CP, effective dissemina-
tion approaches, adequate support from the orga-
nization, continuous collaboration and communi-
cation among healthcare professionals, availability
of regular audit and monitoring of CP implementa-
tion (Asmirajanti et al., 2018).

An Australian study uncovered that CP was success-
ful in improving adherence to pneumonia treatment
in hospital if CP implementation was supplemented
bymonthly feedback from an organization (Almatar
et al., 2016). Unfortunately, up to now, there is
no national pneumonia CP in Indonesia despite the
presence of guidelines for treating pneumonia pub-
lished Indonesian Pulmonologist Association. The
absence of national CP for treating pneumonia, par-
ticularly, may lead to high variation in antibiotic use.
Lack of reward and punishment approach to evalu-
ate the CP compliance among healthcare profession-
als may contribute to a low level of CP compliance.

CP utilization to change antibiotic prescribing
behaviour have demonstrated a positive impact in a
range of settings in many countries (Jenkins et al.,
2013; Weiss et al., 2011; Dellit et al., 2008). Besides,
the effective use of CP to decrease unnecessary
use of broad-spectrum antibiotics for treating
patients with pneumonia has been documented
in a primary care setting in the USA highlight-
ing the positive results of CP were not exclusive
for hospital setting (Jenkins et al., 2013). Some
barriers of poor adherence to CP might include
poor support from organization (e.g. hospital
management), inadequate dissemination of CP
leading to lack of awareness, lack of participation
from clinicians during CP development creating
the presence of conϐlicting guidelines in the same
institution (Schouten et al., 2007).

Some strategies should be conducted to ensure
the utmost beneϐits of CP implementation. It has
been evident that successful implementation of CP
required some strategies including updating the
content of existing CPs regularly to ensure the
patients could receive the best evidence-based care,
dissemination of the CPs to healthcare profession-
als, so the frontline clinicians arewell-informedas to
the existenceof theCPs as the guidance for their clin-
ical practice followed by tailored educational ses-
sions to improve CP awareness among the clini-
cians, engaging senior doctors during the CP devel-
opment, provision of regular audit and feedback to
clinicians during CP implementation (Almatar et al.,
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2016; Lawal et al., 2016).
Some limitations of this study should be acknowl-
edged. The study was conducted using a retrospec-
tive approach in which the researcher relied on doc-
umentation of patients’ data onmedical records that
may be subject to reporting bias. Modest sample
sizepre- andpost-CPperiods, and theuseof a single-
centre setting may limit the generalizability of the
study.

CONCLUSION

Our ϐindings showed that the implementation of CP
could not achieve the targeted goals to reduce the
length of hospitalization and improve the antibi-
otic use (quality and quantity indicators). No dis-
cernible difference was observed in clinical out-
comes before and after CP implementation. Low
compliance with CP among healthcare profession-
als may be attributed to the suboptimal ϐindings.
However, the study highlighted the signiϐicant ϐind-
ings that CP development and implementation were
merely the initial phases of the long-term process to
ensure its use as a useful tool for improving health-
care quality. The initial phases should be followed
by continuous monitoring and evaluation of its con-
tent and implementation.
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