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Intensive care units (ICUs) are the focal points 
for emergence of multidrug resistant organisms [1]. 
Factors responsible for triggering the emergence of 
multidrug resistant organisms in critically ill patients 
include the following: aged > 65 years, prior antimi-
crobial therapy, or hospitalisation for ≥ 2 days in the 
last 3 months, in-home wound care, chronic dialy-
sis within the last month and presence of a family 
member with a resistant microorganism or ongoing 
immunosuppressive treatment [2]. Several strate-
gies have been shown to be beneficial in optimising 
antimicrobial therapy in critically ill patients, such 
as continuous infusion of beta-lactams and vanco-
mycin and using procalcitonin for tapering and dis-
continuation of the antimicrobial drugs [3]. Novel 
strategies such as faecal microbiota transplantation 
and bacteriophage therapy have also been demon-
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strated as effective in containing and treating mul-
tidrug resistant infections in ICUs [4].

ICUs are characterised by an increased workload 
for physicians, resulting in higher risk of prescribing 
errors. A study from Brazil revealed that the most 
frequent omissions in drug description were drug 
formulation (73.26%) and dose strength (40%) [5]. 
A prospective 4-year study in Belgian ICUs that 
included 8,763 participants revealed that 42% of 
patients receiving antimicrobials had either low 
or moderate probability of infections [6]. Another 
study from a developing nation revealed that 86% 
of antimicrobial prescriptions in the ICU were irratio-
nal and that 96.5% were associated with deaths [7]. 
In the U.S.A., 50% of empirical antimicrobials were 
administered for prolonged periods lasting beyond 
72 hours without any evidence of infection that in-
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Abstract
Background: Critically ill adults, children and neonates receive drugs that are often 
administered parenterally and in infusions. Considering patient illness severity, empirical 
broad-spectrum antimicrobials are commonly used. We conducted the present study to 
evaluate the drug use in this population, with a special focus on antimicrobials.

Methods: A prospective cross-sectional study was implemented in adult, paediatric 
and neonatal intensive care units. Various prescribing and supplemental indicators were 
used for drug comparisons. The World Health Organisation’s list of essential drugs, the 
national drug formulary and critically important antimicrobial drugs were assessed. Pro-
portions and median (range) were used to represent categorical and numerical values. 

Results: Four hundred and ninety-six critically ill patients were enrolled in the study, 
with 5,636 prescribed drugs used for 31,993 patient-days. Critically ill adults received 
significantly more drugs compared to children and the neonatal population (11 [8–16], 
9 [6–17] and 5 [3–12] respectively). Critically ill neonates received significantly fewer of 
the drugs listed in the national formulary compared to older children and adults (94.1% 
[10.1], 92.4% [32.4] and 80.1% [20.4]). Critically ill neonates received fewer antimicrobials 
(82% compared to 91.3% in adults and 98% in children). Furthermore, critically ill adults 
received more broad-spectrum antimicrobials compared to neonates. Prolonged em-
pirical antimicrobial use was observed more in critically ill children (52%) compared to 
adults (29.8%). A large majority of the antimicrobials were critically important for 87.7%, 
83.9% and 86.5% of patients in the adult, paediatric and neonatal intensive care units. 

Conclusions: We observed significant differences in terms of drug classes predomi-
nantly used in various age groups of critically ill patients, particularly regarding the 
nature and type of antimicrobial drugs and the duration of antimicrobial therapy. 

Key words: critically ill, DUS, drug utilisation study, antimicrobial drugs.
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creased the risk of resistance [8]. Children and neo-
nates are prone to adverse drug reactions consider-
ing the developmental changes in their organs, and 
most of these drugs have not been tested in this 
subpopulation. In a recent study from the paediatric 
ICU of a developing country, almost 98% received at 
least one antimicrobial, of which ceftriaxone was the 
most administered [9]. A recent systematic review of 
drug utilisation studies (DUS) in critically ill neonates 
revealed that they had been carried out only in a few 
countries such as Brazil (n = 1), the EU (n = 7), India 
(n = 5), Iran (n = 1) and the USA (n = 6) [10]. There 
is a dearth of literature regarding the utilisation of 
drugs in neonatal ICUs in the Middle East. Addition-
ally, there are no studies comparing the utilisation 
of drugs across critically ill adults, children, and neo-
nates. Hence, we conducted the present study to as-
sess drug utilisation patterns, with a particular em-
phasis on antimicrobial use in the adult, paediatric 
and neonatal ICUs of a tertiary care hospital. 

Methods
Study ethics and participants

A prospective observational study was con-
ducted between September 2018 and August 2019 
in the adult (AICU), paediatric (PICU) and neonatal 
(NICU) ICUs of the largest tertiary care hospital in 
the Kingdom of Bahrain. We obtained approval from 
the institutional ethics committee (Research Techni-
cal and Support Team, Ministry of Health, Kingdom 
of Bahrain) and written consent from either the 
study participants or their legal representatives.

Study procedure
Consenting patients were recruited, and infor-

mation regarding their demographic data, diag-
noses, hospital length of stay, outcomes (dead or 
alive) and the prescribed drug-related details was 
collected. We excluded intravenous fluids, blood 
and blood products, vaccines, and total parenteral 
nutrition from our analyses. The following defini-
tions were adhered to for assessing drug utilisation.

Prescribing indicators were assessed as fol- 
lows [11]:
1. �Average number of drugs per encounter: This mea-

surement was attained by dividing the total number 
of prescribed drugs by the number of encounters.

2. �Percentage of encounters with injection pre-
scribed: This value was derived by dividing the 
total number of encounters with injection by  
the total number of encounters, which was then 
multiplied by 100.

3. �Percentage of drugs prescribed from WHO es-
sential drug list: This was attained by dividing the 
total number of drugs mentioned in the 21st WHO 
model list of essential medicines by the total num-

ber of drugs prescribed, which was then multi-
plied by 100 [12]. For paediatric and neonatal ICUs,  
the 7th WHO model list of essential medicines for 
children was used [13]. 

4. �Percentage of drugs prescribed from the Bahrain 
National Formulary (BNF): This measurement was 
obtained by dividing the total number of drugs 
mentioned in the BNF by the total number of 
drugs prescribed [14]. 

5. �Average duration of prescribed antimicrobial:  
This measurement was derived by dividing the to-
tal number of days in which antimicrobials were 
prescribed by the total number of antimicrobials 
prescribed [15].

6. �Daily defined dose (DDD): This value refers to the 
average maintenance dose per day when used for 
its main indication in adults as defined by the WHO.
Patient care indicator was assessed as follows [15]:

7. �Average duration of hospital stay of patients re-
ceiving antimicrobials.

Lastly, the supplemental indicator was assessed 
as follows [15]:
8. �The number of antimicrobial drug sensitivity tests 

reported per hospital admission with curative anti
microbials prescribed. 

Moreover, post-hoc, we incorporated estimations 
of the following variables for antimicrobial use in the 
paediatric population: antimicrobials prescribed by 
generic name; antimicrobials prescribed by branded 
name; antimicrobials prescribed from the 7th WHO 
Model List of Essential Medicines [13]; antimicrobials 
prescribed by intravenous route; days of therapy 
(DOT); prescribed daily dose (PDD); PDD : DDD ratio; 
and drug utilisation (DU) 90%. DU 90% was assessed 
by ranking the antimicrobials in the order of their 
DDDs and estimating the number of drugs account-
ing for 90% of use [16]. 

The WHO list of critically important antimicrobials 
for human medicine 6th revision was adhered to for 
classifying the medical importance of antimicrobials 
[17]. This list classifies the antimicrobial drug classes 
into important, highly important and critically impor-
tant. Additionally, for drug classes in the critically im-
portant category, two criteria factors and three priori-
tisation factors were used. Criterion 1 (C1) indicates 
that the antimicrobial drug class is the only available 
or one of the extremely few agents for combating se-
rious bacterial infections. Criterion 2 (C2) refers to the 
antimicrobial class for treating infections by bacteria 
that may be either transmitted or that acquire resis-
tance from nonhuman sources. Furthermore, priori-
tisation factor 1 (P1) refers to the antimicrobial drug 
class with potential to be used for large numbers of 
people in the community or in certain high-risk pop-
ulations or those affected by infections with a very 
limited choice of antimicrobials, whereas prioritisa-
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tion factor 2 (P2) concerns antimicrobials reported 
with high frequency of use in healthcare that may 
favour the development of resistance. Lastly, priori-
tisation factor 3 (P3) refers to the antimicrobial drug 
class for treating infections in people for which there 
exists extensive evidence for transmission of resistant 
bacteria or resistance genes. Antimicrobials were 
classified as narrow- and broad-spectrum based on 
their activity against Gram-positive and Gram-nega-
tive bacteria [18–21]. The empirical antimicrobial use 
was considered prolonged if the antimicrobial drug 
was continued for more than 3 days despite negative 
culture and sensitivity results [22].

Statistical analysis
Demographic variables were represented using 

descriptive statistics. The Kruskal-Wallis H test was 

used for non-parametric and one-way analysis of 
variance (ANOVA) for parametric variables. Further-
more, the c2 test was used for categorical variables. 
A P value of ≤ 0.05 was considered significant. SPSS 
version 26 (IBM Corp. Released 2018. IBM SPSS Sta-
tistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp., USA) was used for statistical analysis. 

Results
Demographic characteristics

Four-hundred and ninety-six critically ill patients 
(196 adults, 100 children and 200 neonates) were 
recruited for the current study. A summary of vari-
ous demographic characteristics is represented in 
Table 1. The diagnoses of the study participants are 
further listed in Table 2.

Classes of drugs administered in the study 
population

In total, 2,717, 1,342 and 1,577 drugs were pre-
scribed in critically ill adults, children, and neonates, 
respectively. Irrespective of age group, most of the 
drugs were administered parenterally followed by 
the oral route (Table 3). The median (IQR) for the to-
tal number of drugs per encounter was significantly 
different (P = 0.0001) between adult, paediatric and 
neonatal ICUs: 11 (8–16), 9 (6–17) and 5 (3–12), re-
spectively. Drugs belonging to alimentary tract 
and metabolism classes and systemic anti-infective 
drugs predominated across the different patient 

Table 1. Demographic characteristics of study participants (N = 496)

Parameters AICU 
(n = 196)

PICU 
(n = 100)

NICU 
(n = 200)

Age#$ 47.1 (17.6) 54.9 (56.4) 32.8 (6.1)

Male : Female 107 : 89 46 : 54 92 : 108

Body weight (kg)$ 82.2 (27.2) 17 (16.0) 2.1 (0.9)

Hospital stay (days)$ 9.2 (8.4) 11.2 (12.4) 21 (22.2)

Discharged alive : dead 182 : 14 98 : 2 185 : 15
AICU – adult intensive care unit, PICU – paediatric intensive care unit, NICU – neonatal intensive care unit. $Represented 
in mean (SD). #In years for AICU, months for PICU and gestational age for NICU.

Table 2. Diagnoses of the study participants

AICU (n = 196) PICU (n = 100) NICU (n = 200)

Sickle cell disease with vaso-occlusive crisis: 39; 
sub-arachnoid haemorrhage/sub-dural 
haemorrhage/intra-cranial haemorrhage – 24; 
pneumonia – 16; sepsis – 11; road traffic 
accident/fall from height/head injury – 15; 
hypertensive emergency – 8; chronic obstructive 
lung disorder – 9; cirrhosis liver – 4; acute 
kidney injury/chronic kidney disease/end 
stage renal disease – 9; cirrhosis liver – 4; 
epilepsy – 4; acute coronary syndrome/
acute left ventricular failure – 8; ischaemic 
stroke – 5; missed abortion/premature 
rupture of membranes – 2; encephalitis – 3; 
ruptured aortic aneurysm – 3; pulmonary 
embolism/pulmonary hypertension/pulmonary 
haemorrhage – 7; cancer (colon/stomach/
periampullary/leukaemia) – 6; gastro-intestinal 
perforation – 1; Guillain-Barré syndrome – 1; 
complicated post-operative cases (hysterectomy, 
bariatric surgery, gastrostomy, cholecystectomy, 
craniotomy, total hip replacement, lung 
lobectomy) – 8; drug overdose – 4; one each 
with hyperuraemic syndrome, H1N1 influenza, 
ruptured hydatid cyst, heat stroke, meningitis, 
acute pancreatitis and placental hernia 

Congenital heart disease – 15; pneumonia – 13; 
seizure disorder – 9; sepsis – 8; sickle cell disease – 8; 
bronchiolitis – 5; subdural hematoma – 3;  
chronic kidney disease – 3; foreign body removal – 3; 
diabetic ketoacidosis – 2; acute bronchitis – 2; 
cancer (Burkitt’s lymphoma, medulloblastoma) – 2; 
complicated post-operative cases (craniotomy, 
palate repair, scoliosis correction) – 5;  
Guillain-Barré syndrome – 2; and one each was 
diagnosed with diaphragmatic hernia, head injury, 
pulmonary hypertension, prolonged QTc interval, 
cystic fibrosis with acute exacerbation, meningitis, 
rheumatic heart disease with infective endocarditis, 
dilated cardiomyopathy, acute respiratory distress 
syndrome, necrotizing fasciitis, hyperuraemic 
syndrome, cranio-syndrome, pneumothorax and 
pleural effusion

Birth asphyxia – 17; complicated post-operative 
cases (laparotomy, ileostomy, thoracotomy) – 5; 
transient tachypnoea of newborn – 3; sepsis – 18; 
intra-uterine growth retardation – 11;  
multiple major congenital abnormalities – 11; 
expiratory grunt – 8; neonatal jaundice – 10; 
respiratory distress syndrome – 7; 
hypoglycaemia – 9; congenital heart disease – 4; 
and one each with pulmonary hypertension, 
patent ductus arteriosus, meconium aspiration 
syndrome, diaphragmatic hernia, hypoxic 
ischaemic encephalopathy and ventriculo-
peritoneal shunt. Ninety-three neonates were 
admitted due to their prematurity

AICU – adult intensive care unit, PICU – paediatric intensive care unit, NICU – neonatal intensive care unit.
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age groups (Table 4). The mean (SD) percentages 
of drugs listed in the national formulary and WHO 
essential drug list for adult, paediatric and neonatal 
ICUs respectively were 94.1 (10.1) and 78.4 (12.9); 
92.4 (32.4) and 80.4 (15.5); and 80.1 (20.4) and 86.3 
(18.7). The percentage was significantly lower in 
neonates (P = 0.0001) for the national formulary, 
whereas it was significantly higher in the neonates 
(P = 0.01) compared to other remaining popula-
tions for WHO essential drugs. In all, 32 out of 2,717 
(1.2%) adult patients, 9/1342 (0.7%) paediatric pa-
tients and 3/1577 (0.2%) neonatal patients in ICUs 
received fixed-dose combinations of drugs, and the 
results were statistically significant (P = 0.01). A total 
of 12,393.6 DDD units of drugs were utilised in AICU, 
of which drugs belonging to the class of systemic 
hormones constituted 24.6% (3,045.25 DDD units), 
whereas alimentary tract and metabolism classes 
accounted for 23.3% (2,889.29 DDD units). Further-
more, anti-infective drugs for systemic use made 
up 16.9% (2,092.714 DDD units); blood and blood 
forming agents, 12.5% (1,544.5 DDD units); and 
cardiovascular drugs, 11.2% (1,384.1 DDD units). 
Additionally, respiratory system drugs constituted 

5.1% (633.9 DDD units); nervous system drugs, 4.9% 
(612.755 DDD units), musculoskeletal system drugs, 
1.3% (161.56 DDD units); genitourinary system 
drugs, 0.1% (16 DDD units); anti-neoplastic and im-
munomodulators, 0.05% (7.5 DDD units); and anti-
parasitic drugs, 0.005% (6 DDD units). 

Antimicrobials administered in the study 
population

One-hundred and seventy-nine (91.3%) critically 
ill adults received antimicrobial drugs, whereas 98 
(98%) children and 164 (82%) neonates from the re-
spective ICUs received the same. The median (IQR) 
number of antimicrobial drugs prescribed in adult, 
paediatric and neonatal ICUs was 2 (1–4), 2 (1–4) and 
2 (2–3), respectively (Figure 1) and was significantly  
(P = 0.02) lower in neonates. The median (IQR) num-
ber of intravenous antimicrobials in adult, paediat-
ric and neonatal ICUs was 2 (1–3.25), 2 (1.75–4) and  
2 (2–3) and was not significant (P = 0.5). Further-
more, the median number of oral antimicrobials in 
all the study groups was 0. Moreover, median (IQR) 
cumulative duration of antimicrobial drugs (days) in 
the adult, paediatric and neonatal populations was  

Table 3. Comparison of routes of drug administration in the study participants

Route of drug 
administration

AICU (total number
 of drugs = 2717)

PICU (total number 
of drugs = 1342)

NICU (total number 
of drugs = 1577)

P-value

Oral 633 (23.3%) 336 (25%) 305 (19.4%) 0.0001*

Topical# 148 (5.4%) 192 (14.3%) 188 (11.9%)

Parenteral$ 1936 (71.3%) 814 (60.7%) 1084 (68.7%)
AICU – adult intensive care unit, PICU – paediatric intensive care unit, NICU – neonatal intensive care unit. # – Includes formulations applied on eyes; gels and ointments applied on skin; per rectal 
formulations acting locally; nebulized solutions; and vaginal pessary. $ – Includes intramuscular, intravenous and transdermal patch formulations. *Statistically significant.

Table 4. Comparison of WHO ATC drug classes according to the study population

Drug classes AICU (total number 
of drugs = 2717)

PICU (total number 
of drugs = 1342)

NICU (total number
of drugs = 1577)

Alimentary tract and metabolism (A) 432 (15.9%) 288 (21.5%) 312 (19.8%)

Anti-infective drugs (I) 604 (22.2%) 300 (22.35%) 490 (31.1%)

Anti-neoplastic and immune modulating agents (L) 4 (0.1%) 4 (0.3%) –

Anti-parasitic, insecticides and repellents (P) 2 (0.07%) – –

Blood and blood forming organs (B) 307 (11.3%) 84 (6.3%) 176 (11.2%)

Cardiovascular system (C) 436 (16.1%) 120 (8.9%) 154 (9.8%)

Dermatologicals (D) 52 (1.9%) 87 (6.5%) 18 (1.1%)

Genito-urinary system and sex hormones (G) 1 (0.04%) 3 (0.2%) 4 (0.2%)

Musculoskeletal system (M) 92 (3.4%) 25 (1.9%) –

Nervous system (N) 522 (19.2%) 236 (17.6%) 204 (12.9%)

Respiratory system (R) 100 (3.7%) 86 (6.4%) 96 (6.1%)

Sensory organs (S) 5 (0.2%) 14 (1%) 99 (6.3%)

Systemic hormones (H) 147 (5.4%) 79 (5.9%) 20 (1.3%)

All other therapeutic products (V) 4 (0.1%) 1(0.05%) –

Not listed# 9 (0.3%) 15 (1.1%) 4 (0.2%)
#Not listed in WHO index either as such or for the indication used in the study population. 
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8 (4–16), 8 (3.5–22) and 10 (6–18), respectively. Criti-
cally ill neonates received antimicrobial drugs for 
a significantly longer duration compared to adults  
(P = 0.004). A comparison of WHO categories of an-
timicrobials in the study population is presented in 
Table 5. A large majority of the antimicrobials were 
critically important (87.7% in AICU, 83.9% in PICU 
and 86.5% in NICU). Several of the administered an-
timicrobials had a combination of WHO prioritisation 
factors as follows: P1 and P2 (n = 96) and P2 and P3 
(n = 17) in AICU; P1 and P2 (n = 34) and P2 and P3  
(n = 50) in PICU; and P2 and P3 (n = 269) and P1, P2 
and P3 (n = 32) in NICU. Comparison of various antimi-
crobial drug classes between the AICU, PICU and NICU 
is depicted in Figure 2. Carbapenems predominated 
in AICU (96, 18.7%); third generation cephalosporins 
in PICU (50, 19.3%); and aminoglycosides in NICU (165, 
36.4%). Anti-staphylococcal penicillin (6, 1.2%), glycyl-
cyclines (8, 1.6%), polymyxins (17, 3.3%) and tetracy-
clines (1, 0.2%) were administered only in AICU. More-
over, lincosamides (31, 12%) were administered only 
in PICU; first generation cephalosporins only in NICU 
(47, 10.4%); and anti-tuberculous drugs only in AICU  
(5, 1%) and PICU (4, 1.5%). Figure 3 depicts the com-
parison of narrow- and broad-spectrum antimicrobi-
als, and significantly (P = 0.001) more broad-spectrum 
antimicrobials were used in AICU. In AICU, broad-

spectrum antimicrobial use amounted to 1,291.1 
DDD units, whereas narrow-spectrum antimicrobials 
totalled 480.4 DDD units. Antibiotics were used de-
finitively in 24 (18.8%), 7 (12.7%) and 18 (12.9%) pa-
tients in AICU, PICU and NICU, respectively (P = 0.5). 
Prolonged empirical antibiotic therapy was ob-
served for 31 (29.8%), 25 (52%) and 51 (41.8%) 
patients in AICU, PICU and NICU, respectively  
(P = 0.02). Elevated procalcitonin levels were observed 
in 24/31 (77.4%), 3/3 (100%), and 4/9 (44.4%) critically 
ill adult, paediatric, and neonatal populations, respec-
tively. Only one was tested for Clostridium difficile  
toxin in the stool in AICU and was found to be posi-
tive, whereas one patient out of the seven patients 
sent from PICU had the same finding. 

In critically ill children, 180/292 (61.6%) anti-
microbial drugs were prescribed in their generic 
names. Similarly, the median (IQR) number of anti-
microbials used in this subpopulation represented in 
the WHO list of essential drugs was 1 (1–1). Median 
(IQR) PDD in critically ill children was 0.5 (0.1–1.2), 
and the PDD : DDD ratio was 0.3 (0.1–0.5). The DOT 
for antimicrobials was 1,065.63 and that for hospital 
stay was 1,665 in critically ill children. Antimicrobial 
utilisation was 64 per 100 patient-days. Gentamicin, 
meropenem, ceftriaxone, vancomycin, piperacillin/
ceftriaxone, clarithromycin, fluconazole, cefotaxime, 
ceftazidime, cefuroxime, and azithromycin account-
ed for 90% of use in critically ill children (Figure 4).

Discussion
ICUs are particularly vulnerable to widespread 

use of antimicrobial drugs due to critical illnesses, 
complicated most of the time by superseding 
or similar infections. A multicentric study across  
43 ICUs in a developing country revealed inap-
propriate first-line antibiotic usage in more than 
one-third of patients with prolonged duration of 
antimicrobial prophylaxis [23]. A multicentric study 
from NICU in a developed nation revealed that all 
penicillin drugs were in the DU 90% segment for all 
units, that gentamicin was observed in 8 out of 10, 
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Figure 1. Comparison of total number of anti-microbial drugs prescribed in the 
intensive care units

Table 5. Comparison of WHO categories of important antimicrobial use in the study population

Category of antimicrobial drugs AICU PICU NICU

C1 C2 P1 P2 P3 C1 C2 P1 P2 P3 C1 C2 P1 P2 P3
Critically important 
(n = 465 for AICU; 
213 for PICU; 
and 392 for NICU)

Highest priority (n = 237 for AICU; 
104 for PICU; and 46 for NICU)

237 104 46

High priority* (n = 228 for AICU; 
109 for PICU; and 346 for NICU)

228 139 181 17 104 36 106 50 346 32 301 301

Highly important (n = 34 for AICU; 40 for PICU; 49 for NICU) 1 33 NA 0 40 NA 0 49 NA

Important (n = 31 for AICU; 1 for PICU; and 12 for NICU) NA

P-value** 0.001
AICU – adult intensive care unit, PICU – paediatric intensive care unit, NICU – neonatal intensive care unit. *Addition of individual sub-categories may be more than the total as many antimicrobial drugs had multiple 
criteria. **Comparison of only critically important, highly important and important categories of antimicrobial drugs in each ICU.
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that 4 out of 10 used a third-generation cephalo-
sporin (either ceftazidime or cefotaxime), that all 
except one had vancomycin and that three units 
had quinolones in the segment [24]. We observed 
a similar pattern of narrow-spectrum antibiotic use 
in our critically ill neonates. Patients admitted to 
ICUs need early and appropriate empirical antimi-
crobial therapy that can curtail ICU mortality by ap-
proximately 70% [25]. On the other hand, inappro-
priate empirical antimicrobial therapy in terms of 
either drug selection or duration might increase the 
risk of antimicrobial resistance [26]. In the present 
study, critically ill children and neonates received 
significantly longer duration of empirical antimi-
crobial therapy. A recent study from NICUs revealed 

Figure 2. Comparison of antimicrobial drug classes across the intensive care units
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that almost 92.6% of the neonates receiving longer 
empirical antibiotics had late-onset sepsis, of which 
91.2% demonstrated a positive blood culture result, 
with 95.1% displaying necrotising enterocolitis [27]. 
However, culture-negative sepsis or localised infec-
tions are common in the paediatric population, 
which leads to heavy consumption of empirical an-
tibiotics [28]. Use of various biomarkers, such as pro-
calcitonin, presepsin, and nCD64, could be valuable 
in early identification of sepsis [29]. In addition to 
the conventional C-reactive protein concentrations, 
a panel of validated novel biomarkers for diagnosis 
and prognosis of sepsis is essential for critically ill 
patients [30]. Optimising the use of antimicrobial 
drugs in critically ill populations is vital considering 
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antibiotic failure due to inappropriate antibiotic use, 
particularly in patients with sepsis and septic shock, 
as well as the emergence of antibacterial resistance. 
Antimicrobial stewardship programmes involving 
a multidisciplinary team consisting of infectious 
disease specialists, intensive care physicians, mi-
crobiologists and clinical pharmacists might serve 
to promote more appropriate antibiotic use in this 
vulnerable population. 

The study had a few limitations. First, the illness 
severity of the study participants could not be as-
sessed, and second, there is a dearth of literature 
on the appropriate evaluation of DDDs for children 
and neonates. Therefore, we did not attempt to elu-
cidate this aspect. Furthermore, rationality, appro-
priateness and the resistance pattern of prescribed 
antibiotics were not evaluated.

 
Conclusions

We observed significant differences in terms 
of drug classes predominantly used in various age 
groups of critically ill patients, particularly in terms 
of the nature and type of antimicrobial drugs and in 
terms of the duration of antimicrobial therapy.
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