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Abstract:

Background: Antibiotic utilization is markedly high in Intensive Care Units (ICUs) due to severe infections,
empirical therapy, and critical patient conditions, contributing to rising costs and antimicrobial resistance. Drug
utilization studies using standardized methods are essential to promote rational antibiotic use.

Aim: To assess the pattern and extent of antibiotic utilization in the ICU using the WHO-recommended
ATC/DDD methodology.

Methodology: A retrospective observational study was conducted in a 7-bedded general ICU of Darbhanga
medical college and Hospital, Laheriasarai, Darbhanga, Bihar, India. Medical records of 540 ICU patients were
reviewed. Antibiotics were classified using the ATC system, and utilization was expressed as DDD per 100 bed-
days. Descriptive statistics were applied.

Results: The mean number of drugs per prescription was 3.65, with an average of 2.9 antimicrobials. Broad-
spectrum antibiotics were predominantly used, with meropenem (16.72 DDD/100 bed-days) being the most
consumed, followed by piperacillin—tazobactam and ceftriaxone. Parenteral antibiotics accounted for 75.6% of
prescriptions. PDD/DDD ratios were close to unity for most agents, indicating generally appropriate dosing.
Conclusion: The study reveals high and intensive use of broad-spectrum antibiotics in the ICU. Regular
monitoring and strengthening antimicrobial stewardship programs are essential to ensure rational antibiotic use
and curb resistance.

Keywords: Antibiotic Utilization, Intensive Care Unit, ATC/DDD, Drug Utilization Study, Antimicrobial
Stewardship.
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Introduction

Drug utilization studies (DUS) are critical in the in- and aggressive pharmacological care. The patients
terpretation, assessment, and the enhancement of that are admitted to the ICUs normally come with
drug use trends within healthcare facilities. The serious infections or dysfunctions of the organs or
studies are especially relevant in determining the other life-threatening conditions that require a com-
patterns of prescribing, determining the rationality bination of more than one drug at a time. Conse-
of drug use, and reducing inappropriate therapy. The quently, such patients are more vulnerable to medi-
World Health Organization (WHO) defines the use cation errors and adverse drug reactions because of
of drugs as marketing, distribution, prescription, and polypharmacy, changes in pharmacokinetic and
use of drugs in the society, and in particular, the pharmacodynamic, and therapeutic regimen com-
medical, social, and economic outcome of the use plexity [2]. One of the most commonly prescribed
[1]. The eventual aim of this research is to facilitate medications in ICUs is the antimicrobial agents
rational use of drugs, increase the effectiveness of (AMAs) among other drug classes [3].

therapy, decrease drug reactions, and optimize use

. . Antimicrobials used in ICUs are much higher than
of medical services.

the other hospital wards. It is also reported that the

Intensive Care Unit (ICU) is a very specialized unit overall antimicrobial use in an ICU setting is about
of a facility that serves a critically ill patient and is ten times more than that in the general hospital ward
in need of continuous control, life support apparatus setting [4]. High prevalence of severe infections,
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requirement of empirical therapy, as well as the high
utilization of invasive devices like ventilators, cen-
tral venous catheters, and urinary catheters are some
of the major factors that contribute to this excessive
use. One of the studies by Weber et al. found that
cost in the ICU drugs was 38.4% of the total drug
costs of the hospital and had a higher rate of increase
than non-ICU drug costs (38.4 vs 12) [5]. This points
to the huge cost economic burden of ICU pharma-
cotherapy, especially antimicrobial therapy.

Intensive care unit patients are extremely suscepti-
ble to infections because of comorbidities, immuno-
suppression, long-term hospitalization, and because
of undergoing invasive diagnostic and therapeutic
procedures. These patients therefore are exposed to
high antimicrobial pressure [6]. Most ICU antimi-
crobials are prescribed empirically, and they are
mainly premised on previous experience of the cli-
nician rather than on the microbiological data.
Moreover, the pharmacokinetic and pharmacody-
namic profiles of critically ill patients are changed
because of organ dysfunction, changes in fluids, and
drug interactions. These differences make it more
difficult to select a dosage and can result in ineffi-
cient treatment and even adverse drug reactions, as
well as treatment failure [7].

Coronary care units (CCUs) and ICUs also use a
considerable share of hospital resources mainly be-
cause of the prevalent usage of high-priced medica-
tions and general antimicrobial agents. Irrational
prescriptions of costly antimicrobials in developing
countries can be very problematic to the healthcare
system since the limited funds and medical re-
sources are extremely strained by the high cost of
medicine. As such, rational prescription is necessary
to make sure that there is proper use and fairness of
the limited resources. The evaluation of drug utiliza-
tion is an important instrument to recognize the in-
appropriate pattern of prescribing and to plan inter-
ventions that would lead to the optimization of anti-
microbial therapy.

ICUs have been regarded as the epicentre of antimi-
crobial infection, which has become one of the pre-
dominant international health issues [8]. The over-
use and misuse of antimicrobials also help to in-
crease the prevalence of resistant pathogens result-
ing in high morbidity, mortality, hospital stay, and
health care expenses. Despite the fact that about
5000 antimicrobial agents have been identified as of
now, only about 100 of them are actively used today
as clinically active against the treatment of infec-
tions [9]. Furthermore, even though the need in new
antimicrobial agents increases, the creation of new
drugs has considerably decreased during the last
years. The clinicians are expected to need to be
heavily dependent on the already existing classes of
antimicrobial agents in the next decade [10]. This re-
iterates the call to have careful use of the available
antimicrobials in order to save its usefulness.
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Since all antimicrobial agents vary in the strength of
dosage, frequency, and route of administration, a
standardized approach is required towards proper
assessment of in-hospital antibiotic use. The ap-
proach that is suggested by the World Health Organ-
ization is the broadest one among the existing ones.
The Anatomical Therapeutic Chemical/Defined
Daily Dose (ATC/DDD) system of classification of
drugs was created and revised by the WHO Collab-
orating Centre for Drug Statistics Methodology. In
this system, drug utilization can be compared among
various hospitals, regions and countries by using the
internationally accepted units [11] to express con-
sumption.

Defined Daily Dose (DDD) Defined Daily dose
(DDD) is the assumed daily average maintenance
dose of a drug when used in its primary indication in
adults. The DDD concept was created in order to ad-
dress the shortcomings related to traditional units of
measurement of drug consumption. It offers an un-
changing measure of drug use that is not dependent
on price, type of dosage, and drug potency, which
allows making significant comparisons between
drug use patterns. The use of antimicrobials is
widely measured as the DDD per 100 bed-days a
measure that has been widely applied to compare the
in-hospital and outpatient use of antibiotics globally.
This type of data has played a significant role in as-
sessing national trends in the use of antibiotics and
how these have contributed to antimicrobial re-
sistance [12].

Regular assessment of the drug use pattern in the
ICUs and CCUs is vital to optimize healthcare de-
livery, a rational utilization of drugs, better patient
outcomes, and development of evidence-based pre-
scription policy. Antimicrobial use Continuous sur-
veillance of antimicrobial use can be used to identify
inappropriate prescribing, encourage adherence to
treatment practices, and underpin antimicrobial
stewardship efforts.

In this respect, the current retrospective research was
aimed at measuring the usage rate of antimicrobial
agents and the sanity of their application in the ICU
of a 7-bedded general intensive care unit. It will
identify the most widely prescribed antimicrobial
agents and will also measure the use of antimicrobi-
als using the recommended methodology of ATC /
DDD expressed as DDD per 100 bed-days as ad-
vised by WHO. It is anticipated that the results of
this study will help to gain important perspectives on
the existing trends in prescribing activities and will
lead to optimizing the process of antimicrobial ther-
apy in the intensive care units.

Methodology

Study Design: This study was a retrospective, ob-
servational study conducted to assess the pattern of
antibiotic utilization in patients admitted to the In-
tensive Care Unit (ICU).
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Study Area: The study was carried out in the De-
partment of Pharmacology, Darbhanga Medical
College and Hospital (DMCH), Laheriasarai, Dar-
bhanga, Bihar, India.

Study Duration: The study was conducted over a
period of 6 months from March 2025 to August
2025.

Study Population: The study population consisted
of patients admitted to the Intensive Care Unit (ICU)
of Darbhanga Medical College and Hospital during
the defined retrospective study period.

Sample Size: A total of 540 patient medical records
were included in the study and analyzed.

Data Source and Data Collection: Data for the pre-
sent study were collected retrospectively from the
Medical Records Department (MRD) of Darbhanga
Medical College and Hospital, Laheriasarai, Dar-
bhanga, Bihar, India. Medical records of patients ad-
mitted to the Intensive Care Unit during the defined
study period were reviewed after obtaining neces-
sary administrative and ethical approvals. A prede-
signed and structured data collection proforma was
used to extract relevant information from patient
case records. The collected data included demo-
graphic details, indications for ICU admission, du-
ration of ICU stay, number of drugs prescribed, de-
tails of antibiotic therapy such as class of antibiotics,
number of antibiotics per patient, route of admin-
istration, use of fixed-dose combinations, availabil-
ity of culture and sensitivity reports, and clinical out-
comes. Only records with complete and legible in-
formation were included to ensure data accuracy and
reliability.

Inclusion Criteria

e  Medical records of patients admitted to the ICU
during the study period

e Patients of all age groups and both genders

e Medical records containing complete infor-
mation on antibiotic prescriptions

Exclusion Criteria

Incomplete or illegible medical records
Patients admitted to wards other than ICU
ICU stay of less than 24 hours

Records without antibiotic prescription details
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Procedure: The study was conducted in three
phases. The initial phase involved preparation of the
study protocol, review of relevant literature, devel-
opment of the data collection proforma, and submis-
sion of the study proposal to the Institutional Ethics
Committee for approval. Following ethical clear-
ance, permission was obtained from the hospital ad-
ministration and concerned departments to access
patient records. In the second phase, retrospective
data were collected from the MRD and systemati-
cally analyzed. Antibiotics were classified accord-
ing to the Anatomical Therapeutic Chemical (ATC)
classification system, and their utilization was as-
sessed using the Defined Daily Dose (DDD) meth-
odology as recommended by the World Health Or-
ganization. Antibiotic utilization was expressed as
DDD per 100 bed-days, and prescribed daily dose
was calculated to compare actual prescribing pat-
terns. The final phase involved interpretation of re-
sults, compilation of findings, identification of study
limitations, and preparation of the final manuscript.

Statistical Analysis: The collected data were en-
tered into Microsoft Excel and analyzed using de-
scriptive statistical methods. Results were summa-
rized and expressed in terms of frequencies, percent-
ages, and mean values where applicable. Tables and
charts were used to present antibiotic utilization pat-
terns and prescribing trends in the ICU. The analysis
focused on evaluating the extent and pattern of anti-
biotic use rather than inferential comparisons.”

Result

Table 1 presents the demographic distribution of 540
ICU patients by indication for admission, age group,
and gender. Medical admissions constituted the larg-
est group, with most patients aged 2140 years (120)
and 41-60 years (90), and a higher number of fe-
males (162) than males (138). Surgical admissions
were next most common, predominantly among pa-
tients aged 2140 years (48) and 41-60 years (42),
with more males (72) than females (60). Orthopae-
dic cases were fewer across all age groups and
showed equal male and female representation (18
each). All obstetrics and gynecology (OBG) admis-
sions occurred in patients under 40 years, contrib-
uting exclusively to female admissions (60). Over-
all, the largest age group was 21-40 years (228 pa-
tients), and females (312) outnumbered males (228)
in the ICU population.

Table 1: Patient Demographics (N = 540)

Indication for ICU | <20 years 21-40 years | 41-60 years | > 60 years | Male | Female
Admission

Medical 36 120 90 54 138 162
Surgical 18 48 42 24 72 60
Orthopaedic 6 12 12 6 18 18
OBG 12 48 0 0 0 60
Total 72 228 144 84 228 312
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Table 2 summarizes drug use patterns based on
ATC/DDD indicators among 540 prescriptions. On
average, 3.65 drugs were prescribed per prescrip-
tion, with antimicrobial agents accounting for a sub-
stantial proportion (mean 2.9 antimicrobials per pre-
scription). More than half of the prescribed drugs
were antimicrobial fixed-dose  combinations
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(55.20%), indicating a high reliance on combination
therapy. Additionally, oral drugs were included in
46.10% of prescriptions, suggesting that parenteral
therapy was favored in a considerable proportion of
cases. Overall, the findings point toward polyphar-
macy with extensive antimicrobial use and frequent
prescription of fixed-dose combinations.

Table 2: Pattern of Drug Use as per ATC / DDD Indicators (N = 540)
Drug Use Indicators Results
Average number of drugs per prescription 3.65
Average number of antimicrobial drugs per prescription 2.9
Percentage of drugs containing antimicrobial FDCs 55.20%
Percentage of prescriptions with an oral drug prescribed 46.10%

Table 3 depicts the pattern of antibiotic utilization
according to the WHO ATC/DDD classification
among 540 prescriptions. Broad-spectrum and re-
serve antibiotics showed high utilization, with mero-
penem recording the highest consumption (16.72
DDD/100 bed days; PDD/DDD = 1.2), followed by
piperacillin + tazobactam (14.1; 1.1) and ceftriaxone
(11.85; 1.05). Cefoperazone + sulbactam demon-
strated proportional use, with PDD equal to the
WHO DDD (4 g; PDD/DDD = 1). Metronidazole

(7.84; PDD/DDD = 0.93) and amikacin (3.48; 0.72)
showed lower prescribed daily doses than the stand-
ard DDD, whereas azithromycin (5.6; 1.08),
levofloxacin (2.32; 1.16), and meropenem exceeded
WHO-recommended DDDs. Overall, the findings
indicate substantial use of higher-end antibiotics,
with PDD/DDD ratios close to or above unity for
most agents, suggesting generally appropriate but
occasionally higher-than-recommended dosing.

Table 3: Pattern of Antibiotic Utilization as per WHO ATC / DDD Classification (N = 540)

Antibiotic ATC Code WHO PDD (g) | DDD/100 PDD/DDD
DDD (g) Bed Days

Cefoperazone + Sulbactam JO1DD62 4 4 8.92 1
Piperacillin + Tazobactam JO1CROS5 14 15.4 14.1 1.1
Ceftriaxone JO1DD04 2 2.1 11.85 1.05
Meropenem JO1DHO02 2 24 16.72 1.2
Metronidazole JO1AFO1 1.5 1.4 7.84 0.93
Amoxicillin + Clavulanic acid JO1CRO2 3 3.1 6.12 1.03
Azithromycin JO1FAIOQ 0.5 0.54 5.6 1.08
Amikacin JO1GBO06 1 0.72 3.48 0.72
Vancomycin JO1XAO1 2 1.9 4.05 0.95
Levofloxacin JOIMAI12 0.5 0.58 2.32 1.16

Table 4 shows the distribution of antibiotic prescrip-
tions by route of administration among 540 cases.
Parenteral administration was predominant, ac-
counting for 408 prescriptions (75.6%), while oral

antibiotics were prescribed in 132 cases (24.4%).
Overall, the data indicate a strong preference for par-
enteral antibiotics over oral formulations in the
study population.

Table 4: Distribution of Route of Antibiotic Administration (N = 540)

Route of Administration Number of Prescriptions Percentage (%)
Parenteral 408 75.6
Oral 132 24.4
Total 540 100
Discussion surgical, obstetric and gynaecological, and ortho-

The current retrospective research evaluated the
rates of antibiotic use in 540 ICU patients, and it re-
veals valuable tendencies of demographic features,
prescribing practice, and antimicrobial use. In our
case study, medical admissions were the largest
number of cases in the ICU (55.6%), followed by

Birendra et al.

paedic admissions. The same patterns of medical in-
dicators prevalence in the ICU admissions have been
reported in a number of Indian studies and mirror the
increased load of serious medical conditions that
need the intensive follow-up (Mahendra et al., 2013)
[13]. Our results were characterized by the highest
proportion of admissions of 21-40 years of age
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(42.2%), which is in contrast to the results of other
studies held in Western Nepal and Turkey where the
ICU admission was more prevalent among older pa-
tients (above 60 years of age) (Shankar et al., 2010;
Hamdi et al., 2013) [14,15], . Such disparity can be
explained by differences in demography of the pop-
ulation, patterns of referrals, and epidemiology of
diseases in different regions.”

In our study, the number of female patients admitted
to the ICU was more than male patients (57.8% ver-
sus 42.2%). The findings are consistent with those
of Mahendra et al. (2013) [13], who indicated higher
percentage of female admissions to ICUs but the dif-
ference was not as high in their study. The reason to
have more female patients in our ICU is partly at-
tributed to inclusion of obstetrics and gynaecology
cases which were all women by default. Neverthe-
less, the proportion of females even within the hos-
pitalized population of the medical field is slightly
higher than that of males, which implies that there
might be gender disparity in the use of healthcare or
the burden of diseases in the cohort of the research.

It was noted that the mean number of drugs pre-
scribed per patient was 3.65 which implies moderate
polypharmacy. This is similar to the results of Wil-
liams et al. (2011) [7] who shared the average of 3.8
drugs per ICU patient and is lower than the values
found in some other tertiary care ICUs where the av-
erage was over five drugs per patient. The reduction
of prescribed drugs in critically ill patients is bene-
ficial to reduce chances of adverse drug reactions,
drug-drug interactions, and higher cost of treatment.
It is also quite possible, indicated by the rather lower
mean in our study, that the process of prescribing
will be more rational, although still we need to mon-
itor it.

Anti-microbial agents were a significant percentage
of prescribed drugs with an average of 2.9 anti-mi-
crobials per prescription giving an indication of high
usage of antibiotics by the critically ill patients. John
et al. (2011) [16] have reported similar results in the
high utilization of antimicrobials in the ICU setting
and saw 83% of ICU prescriptions using antimicro-
bials. Comparatively, our research showed that the
use of antimicrobials in our study is a little less per-
centage but still significant, and the use of antibiot-
ics is very vital in the management in ICU. The com-
mon use of fixed-dose combinations (55.2% in our
study) is consistent with other studies, which also
found a high use of antimicrobial FDCs (especially
beta-lactam beta-lactamase inhibitor combinations)
(Lohani et al. 2006) [17]. The primary use of pipe-
racillin-tazobactam in our ICU is, however, not sim-
ilar to previous literature results that showed that
amoxicillin-clavulanic acid is the most widely used
FDC suggesting a transition to broader-spectrum
agents over the past years.
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The WHO ATC/DDD methodology was used to
identify the most commonly used drugs in our ICU,
which revealed that broad-spectrum antibiotics had
been the most common. The maximum consumption
was recorded with meropenem as 16.72 DDD/100
bed days and then with piperacillin -tazobactam
(14.1 DDD/100 bed days) and ceftriaxone (11.85
DDD/100 bed days). These data can be compared to
other articles that found the same results of Shankar
et al. (2010) [14] and Crucio et al. (2009) [8], which
also found the combination of carbapenems and
beta-lactames as the most frequently used antibiotics
in an ICU. Nevertheless, the total DDD/100 bed
days in our research paper was less than that of
Hamdi et al. (2013) [15] who reported a value of
87.8 DDD/100 bed days in a Turkish hospital, indi-
cating a rather modest usage of antibiotics in our
ICU.

Our study showed that the prescribed daily dose di-
vided by defined daily dose (PDD/DDD) ratio was
near to unity with most antibiotics meaning that we
were following the standard dosing recommenda-
tion. There were slightly high ratios of meropenem
(1.2) and piperacillin -tazobactam (1.1), as it is ex-
pected to administer higher dosages to critically ill
patients because of changes in pharmacokinetics.
The same tendencies are mentioned in other litera-
ture, wherein dose escalation was widely used in the
severe infections to reach the optimum therapeutic
levels (Hamdi et al., 2013) [15]. On the other hand,
reduced PDD/DDD ratios of amikacin and metroni-
dazole indicate that the drugs should be used in low
doses, which may be to prevent toxicity.

The most common mode of administration of the an-
tibiotics in our research was parenteral administra-
tion (75.6%), which is in line with the severity of the
disease and the necessity to achieve quick and effi-
cient action of the drugs in ICU patients. The result
is in line with the results reported by John et al.
(2011) [16] and Shankar et al. (2003) [18], who re-
ported high dependence on intravenous antibiotics
in ICU and internal medicine wards. Our study has
shown that oral use of antibiotics is limited; it has
been observed that a preference of parenteral ther-
apy over oral therapy has been established in the
clinical setting of patients with a critical illness, but
timely de-escalation to oral therapy is an essential
antimicrobial stewardship approach.

On the whole, the results of the given study indicate
the trends of antibiotic usage that are mostly similar
to the existing national and international research,
though they also reveal a greater diversity of patient
demographics and prescriptive behavior in the re-
gions. The overwhelming use of broad-spectrum an-
tibiotics represents the necessity of active monitor-
ing and use of culture-based treatment and compli-
ance with the principles of antimicrobial steward-
ship in order to prevent resistance development and
provide the best conceivable patient outcomes.
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Conclusion

This retrospective study indicates that antibiotic use
in the intensive care unit is characterized by high in-
tensity mainly due to the presence of critically ill pa-
tients, who were admitted to the unit due to medical
and surgical reasons, with the populations of adults
and elderly people being predominant. The patterns
of prescribing showed the tendency to use several
drugs at once, with a significant amount of using
broad-spectrum and fixed-dose combination antibi-
otics, and the preference to use parenteral admin-
istration, which is consistent with the severity of the
illness in the ICU. The recorded agreement of the
recommended doses per day with the standardized
dosage recommendations indicates that there are
generally suitable dosing practices, but it is the total
weight of the antimicrobial exposure that highlights
the possibility of irrationality in the use of antimi-
crobials and antimicrobial resistance. These findings
emphasize the need for continuous monitoring of an-
tibiotic utilization, reinforcement of antimicrobial
stewardship programs, and periodic prescription au-
dits to promote rational antibiotic use and optimize
patient outcomes in intensive care units.
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