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Abstract
Purpose: Antibacterials are commonly prescribed to Pediatric Intensive Care Unit (PICU) patients. However, inappropriate antibacterial
prescriptions lead to increases in antibacterial resistance, treatment cost, duration of treatment, and poor clinical outcome. The antibacterial
utilization study assesses the prescription patterns and if necessary recommends the interventions to improve antibacterial prescriptions.
Hence, the present prospective groundwork was conducted. Materials and Methods: The study was conducted over the period of 6 months
(April 18 to October 20, 2014). The demographics and drug use details were captured daily from patients admitted to PICU to assess World
Health Organization indicators. Results: A total of 200 patients enrolled, among them 119 males and 81 females. There were 12.46 (±6.16)
drugs prescribed per patient, of which 2.38 (±1.48) were antibacterials. Among the total drug prescribed, 18.49% were antibacterials and 97%
patients received at least one antibacterial. Ceftriaxone (49.48%) was the most commonly prescribed antibacterial, while imipenem (2.58%)
and colistin (2.06%) use was very low. A total of 80.95% antibacterials were prescribed by generic name, 94.88% were administered
intravenously, and 80.76% were prescribed from hospital pharmacy. The average length of PICU stay was 6.15 days (±6.20), the average
length of antibacterial treatment was 6.08 days (±6.27), and the average length of empirical antibacterial treatment was 5.50 days (±5.40). The
cost of antibacterial therapy per patient was Indian rupees 824.64 (±235.35). In 27 patients, bacterial culture test was positive and of whom 21
received antibacterials as per sensitivity pattern. Conclusions: The use of antibacterials was not indiscriminately high but more prescriptions
per sensitivity pattern are required.
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Introduction
Incidence of infections in patients admitted to Pediatric
Intensive Care Unit (PICU) is high due to the presence of
critical illness and occurrence of nosocomial infections, which
leads to higher use of antibacterial agents.[1‑4] The inappropriate
use of antibacterials causes emergence of antibacterial‑resistant
organisms, resulting in prolonged hospital stay, increased
mortality and morbidity, high treatment costs, and increased
burden on existing hospital resources.[5‑8]
Drug use studies are more essential in pediatric pharmacotherapy
since one‑third of the total prescriptions in children are systemic
antibacterials such as vancomycin, colistin, meropenem,
imipenem, and piperacillin‑tazobactam.[9‑15] A prospective drug
usage study of antibacterials may serve as an important source
of information for the assessment of prescription patterns and
formulating future antibacterial usage policies. There is a lack
of data on the antibacterial use from our PICU; therefore,
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Materials and Methods
Ethics

The study was initiated after obtaining the Institutional Ethics
Committee (IEC) approval. Written informed consent was
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the present study was conducted with the aim to evaluate
the current prescribing pattern of vancomycin, colistin,
meropenem, imipenem, and piperacillin‑tazobactam along
with other antibacterials and also to assess the antibacterial
treatment cost.
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Assent waiver was sought and granted by the IEC because the
patients were critically ill and it would not have been possible
to take assent of the patients.

Study design

This was a prospective, cross‑sectional, observational
antibacterial utilization study.

Study site

This study was conducted at the Department of Pediatrics and
Clinical Pharmacology of a Tertiary Care Medical College
and Hospital.

Study population

Consecutive patients admitted to the PICU regardless of
previous admission history were enrolled in the study with
day 1 of admission into PICU being considered as the 1st day
of the study. Each admission was considered as a separate
patient encounter and all patients were followed up until death,
discharge, or transfer to the general ward.

Study procedure

Patient’s medical records were scrutinized daily. Demographic
details, clinical diagnosis, details of antibacterial use
(name, dose, frequency, route and length of treatment,
prescribed as generic or brand, change in antibacterial agent,
and fixed‑dose combination [FDC]), total number of drugs
prescribed, culture and sensitivity data, length of stay, and cost
of antibacterial treatment were recorded in an online Google
spreadsheet.

Calculation of costs

The costs of antibacterials were obtained from hospital
pharmacy price list (for those available on hospital schedule)
and from the Monthly Index of Medical Specialties
(MIMS_ http://www.mims.com/).

Definitions
1.

2.

Antibacterial was defined as an agent that interferes with
the growth and reproduction of bacteria
Antibacterial use was classified into empiric use or
definitive use:[16]
a. Empiric use of antibacterial agent was defined as
administration of an antibacterial agent within 72 h
of admission in PICU, while microbiologic cultures’
results are pending or use of antibacterial agents in
situations after 72 h of admission when microbiologic
cultures do not yield a pathogen
b. Definitive (therapeutic) use of antibacterial agent was
defined as use of any antibacterial agent at a time
when microbiologic culture results and susceptibility
data are available. This was at the time of initiation
of therapy or after empiric antimicrobial use has
been initiated once microbiological culture results
are available.

World Health Organization indicators

Below mentioned indicators related to antibacterial use are
divided into three main sections.[17,18]

Prescribing indicators

Average number of drugs prescribed per patient, percentage
of antibacterial agents prescribed, percentage of patients who
received an antibacterial agent, average number of antibacterial
agents prescribed per patient, percentage of antibacterial agents
prescribed by generic name, percentage of antibacterial agents
prescribed by intravenous route, percentage of antibacterial
agents available in hospital pharmacy, percentage of patients in
whom a change of antibacterial agent was required, percentage
of antibacterial agents prescribed as FDC, average length of
antibacterial treatment, average length of empirical use of
antibacterials, percentage of total antibacterial treatment cost,
and average antibacterial treatment cost per patient over the
study period.

Patient care indicators

Patient care indicators were average length of PICU stay and
percentage of mortality during PICU stay.

Supplemental indicators

Supplemental indicators were percentage of patients who
received antibacterial treatment as per sensitivity pattern.

Sample size calculation

No formal sample size calculation was done due to lack of
any previous data on the subject, which could be used for
the same. A total of 200 patient encounters were enrolled
over 6‑month period.

Statistical analysis

Descriptive statistics were used and data were expressed using
measures of central tendency. Numerical data were tested for
normality using the Kolmogorov–Smirnov test. The cost of
treatment was compared in patients with infection and without
infectious cause of admission using unpaired t‑test at 5%
significance. The percentage of antibacterials prescribed was
compared in patients with infection and without infectious
cause of admission using Fisher’s exact test. All analyses were
done with Statistical Package for the Social Sciences (SPSS)
20 [IBM, Armonk, NY, United States of America].

Results
Demographics

During the 6‑month study period (April 18 to October 20, 2014),
200 patients were enrolled (119 male, 81 female) with a
median age of 11 months (1, 144) and median weight of
6.4 kg (1.1, 40). There were 188 (94%) patients admitted to
PICU only once, 10 (5%) had two admissions, and 2 (1%) had
three admissions. Respiratory diseases (28.5%) followed by
cardiovascular diseases (21.0%) and central nervous system
diseases (11.0%) contributed to most of the PICU admissions.
A total of 99 patients were admitted with an infectious disease,
whereas 101 patients had a noninfectious cause for admission
to the PICU.

Antibacterial use indicators

Table 1 summarizes the antibacterial use indicators. Patients
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Table 1: Antibacterial use indicators
Value
Prescribing indicators
Average number of drugs prescribed per patient
Mean±SD
12.46±6.16
Median (range)
12 (2,44)
Average number of antibacterial agents
prescribed per patient
Mean±SD
2.38±1.48
Median (range)
2 (1,8)
Percentage of antibacterial agents prescribed (%)
18.49
Percentage of patients who received an
97.0
antibacterial agent (%)
Percentage of antibacterial agents prescribed by
80.95
generic name (%)
Percentage of antibacterial agents prescribed for
94.88
intravenous use (%)
Percentage of antibacterial agents available in
80.76
hospital pharmacy (%)
Percentage of patients in whom a change of
32.47
antibacterial agent was required (%)
Percentage of antibacterial agents prescribed as
7.69
fixed‑dose combination (%)
Average length of antibacterial treatment
Mean (days)±SD
6.08±6.27
Median
4 (1, 43)
Average length of empirical use of antibacterials
Mean (days)±SD
5.50 days±5.40
Median
4 (1, 39)
Percentage of total antibacterial treatment
27.08
cost (%)
Average cost of antibacterial treatment per patient
over the study period
Cost
INR 824.64 (±235.35 )
Median
INR 756.21 [20, 35549]
Patient care indicators
Average length of PICU stay
Mean±SD
6.15±6.20
Median
4 (1, 48)
Percentage of mortality during PICU stay (%)
46.00
Supplemental indicators
Percentage of patients who received
77.77
antibacterial treatment as per sensitivity pattern
amongst the 27 culture‑positive cases (%)
PICU: Pediatric Intensive Care Unit; SD: Standard deviation;
INR: Indian rupees

were prescribed (on an average), 12.46 (± 6.16) drugs, of
which 2.38 (±1.48) were antibacterial agents. Almost all
patients (97%) received at least one antibacterial agent and
most of the prescriptions were for intravenous use (94.88%).
In all, 63 (32.47%) patients received single antibacterial
agent and 131 (67.53%) patients received two or more
antibacterial agents. Ceftriaxone (49.48%) was the most
commonly prescribed antibacterial agent among patients
with both infectious and noninfectious etiology for admission
to PICU while imipenem (2.58%) and colistin (2.06%) use
was very low. The details of all antibacterials prescribed are
presented in Table 2. Meropenem was used more frequently
424

among patients with an infection but vancomycin use was
similar in patients with or without an infectious cause for
PICU admission.
Majority of the antibacterials prescribed were available
in hospital pharmacy (80.76%), they were prescribed by
generic name (80.95%), and only 7.69% were FDCs. A total
of 27.08% cost incurred for antibacterial treatment, where
per‑patient antibacterial cost was Indian rupees (INR) 824.64.
The average length of PICU stay was 6.15 days, the average
length of antibacterial treatment was 6.08 days, the average
length of empirical antibacterial treatment was 5.50 days and
during their PICU stay, change of antibacterial agent was
required in 32.47% patients. Of the 27 bacterial culture‑positive
patients, 21 received antibacterials as per sensitivity pattern.
Acinetobacter baumannii (22.58%) was the most isolated
organism followed by Klebsiella pneumoniae (16.13%) and
Burkholderia cepacia (12.90%) and details of all isolated
organisms are listed in Table 3. The difference in number of
antibacterials used and their duration of use between patients
with infectious and noninfectious cause of admission was not
statistically significant (P = 0.22 and 0.31, respectively) as
shown in Table 4. The difference in the cost of treatment among
the two groups was statistically significant (P = 0.001). The
percentage of antibacterials (10.83%) prescribed in patients
with infectious etiology was significantly (P = 0.0001) higher
than the patients with noninfectious etiology (7.66%).

Discussion
Descriptive data on antibacterial use are important because
it would reveal the extent of use and temporal trends of
antibacterial use. The majority of patients were male as was
also seen in study conducted by Kanish et al. and Thiruthopu
et al.[19,20] The present study has six major findings. First,
a high percentage of patients (97%) received antibacterial
agents during their PICU stay. Second, the empirical use
of antibacterial agents is high due to low culture yield and
a total of 21 (77.77%) among 27 patients whom the culture
tests positive received antibacterials as per sensitivity
pattern; since the antibacterials were not changed if patient
is recovering, i.e., when there is complete resolution of
clinical findings (signs and symptoms and leukocytosis)
and clinical improvement when there is a partial resolution of
clinical findings. Third, in 94.88% patients, the antibacterials
were administered intravenously and a large number of
prescriptions (80.95%) were by generic name. Fourth, the
presence of Gram‑negative bacteria (80.65%) was higher
compared to Gram‑positive bacteria in the samples tested
for culture and sensitivity analysis. Fifth, a low antibacterial
treatment cost (INR 824.64) per patient over the study period
and sixth, a short average duration of PICU stay (6.15 days).
There are various studies which have reported that between
36% and 97% patients received antimicrobial treatment during
their stay in the PICU.[1,5,19,21‑25] In India, study conducted by
Kanish et al.[19] reported that the 91.6% patients received
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Table 2: Frequency of antibacterial prescribed in patients
admitted to Pediatric Intensive Care Unit
Name of antibacterial

Number of
patients (%)

Ceftriaxone
Amikacin
Cefotaxime
Vancomycin
Piperacillin‑tazobactam
Meropenem
Amoxicillin/clavulanate potassium
Ampicillin + cloxacillin
Azithromycin
Ciprofloxacin
Linezolid
Imipenem, clindamycin
Colistin
Sulfamethoxazole/trimethoprim, levofloxacin,
gentamicin, ceftazidime, and benzathine penicillin
Teicoplanin, ofloxacin, neomycin, erythromycin,
cloxacillin, clarithromycin, and ampicillin

96 (49.48)
72 (37.11)
66 (34.02)
46 (23.71)
41 (21.13)
31 (15.98)
18 (9.28)
17 (8.76)
15 (7.73)
9 (4.64)
7 (3.61)
5 (2.58) each
4 (2.06)
2 (1.03) each
1 (0.52) each

Table 3: Details of isolated organisms
Isolated organism

Type of body fluid (n)

Proportion (%)

Acinetobacter baumannii

Blood (5) and
endotracheal tube (2)
Blood (3) and urine (2)
Blood (4)
Blood (2) and
cerebrospinal fluid (2)
Blood (1), ear swab (1)
and urine (1)
Blood (3)

22.58

Blood (1), ear swab (1)
and Urine (1)
Blood (2)

9.68

Klebsiella pneumoniae
Burkholderia cepacia
Staphylococcus aureus
Escherichia coli
Nonfermenting
Gram‑negative bacteria
Pseudomonas
aeruginosa
Methicillin resistance
Staphylococcus aureus

16.13
12.90
12.90
9.68
9.68

6.45

Table 4: Comparison between patients with infectious and
noninfectious etiology for admission to Pediatric Intensive
Care Unit
Indicator

Noninfectious
etiology for
admission

Infectious
etiology for
admission

P

Average number of
2.79±1.54
1.92±1.49
0.22
antibacterials per patient
Percentage of antibacterials
7.66
10.83
0.0001
prescribed
Average length of antibacterial
7.21±6.27
6.31±6.35
0.31
treatment per patient
Antibacterial treatment cost
306.51
1414.32
0.001*
(INR)
*P<0.05 is considered statistically significant. INR: Indian rupees

antibiotics, while the study conducted in Europe[5,22,24] found
lowest percentages of patients exposed to antimicrobial

(36%–67%) compared with studies conducted in the US
(71%–97%)[23,25] and a study conducted in China (95%).[21]
Thus, the percentage of patients in our PICU who received at
least one antibacterial agent was high as like the US and China
studies. This may be due to perceived high bacterial infections
in developing country like India, nature of the illness, and
poor hygiene in socioeconomically poor populations. The
average number of antibacterials prescribed per patient (2.38)
was found to be similar with the study conducted by Kanish
et al. (1.917) and Abbas et al. (3.00).[2,19] The prescription by
generic name varies from 13.3% to 93% across the globe,
and in our study, we found a high number of prescriptions
by generic name (80.95%) and high use of generics which
may have led to low treatment costs.[26‑29] A total of 27%
cost was spent on antibacterial agents (INR 824) which was
low compared to a study conducted in another part of India
by Kanish et al. (INR 3338). A reason for the low cost was
probably due to availability of medicines in the hospital
pharmacy which provides medicines at a subsidized cost.
There was a significantly higher cost incurred by patients with
an infectious cause of admission (INR 1414) as compared to
those who were admitted for a noninfectious disease (INR 306),
indicating the use of higher antibiotics for a longer duration.
In our study, we found that the majority of antibacterials
were given intravenously (94.88%) possibly to reduce the
mortality and morbidity in an emergent situation since this is
a tertiary referral center and most of the patients come with
a fairly advanced disease requiring emergent action. The
average length of stay (6.15 days) and the average length of
antibacterial treatment (6.08 days) were similar indicating
that on each day of admission patient received antibacterial.
Among 200 patients, only 27 patients had positive cultures
and of these 21 received antibacterials as per sensitivity
pattern. The low culture yield was probably due to receipt
of antibacterials before PICU admission. Other studies have
also found higher percentages of empiric antimicrobial
treatment (58% and 72%) in PICUs.[20,25] Ceftriaxone was
the most commonly prescribed antibacterial as also seen in
other Indian studies.[19,29] In our study, we found that the use of
imipenem (2.58%) and colistin (2.0%) was minimal, indicating
that higher antibacterials were being used only in resistant
cases or because of nonavailability in hospital pharmacy,
while the use of vancomycin, piperacillin‑tazobactam, and
meropenem was adequate. The percentages of death (46%)
were found to be higher, and this may be because of only
critically ill patients were admitted to PICU of this tertiary
referral center and because of late referral from other hospitals.

Conclusions
The study concludes that the average number of antibacterials
prescribed per patient was not indiscriminately high. The
empirical use of antibacterials was found to be high. The
present study on antibacterial prescribing patterns provides a
framework for future continuous prescription audit in the PICU
and interventions to change practice (if necessary).
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