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Abstract
Background: Drug utilization research plays an important role in clinical practice as it forms
the basis for amendments in the drug dispensing policies at local and national levels.
Objective: To study the drug utilization pattern of antimicrobial agents among patients
attending the medical and surgical Intensive care units of a tertiary care teaching hospital.
Material and Method: A longitudinal, prospective and observational study was carried out
to determine the utilization pattern of antimicrobial agents in 16 bedded medical and surgical
ICUs at tertiary care hospitals from June 2017 to May 2018 over 12 months. Individual case
papers with antimicrobial prescriptions were studied, and the prescribing pattern was
analyzed using the World Health Organization (WHO) basic drug indicators.
Results: A total of 622 patients with a mean age group of 46 years were analyzed, out of
which 391(62.8%) were male, and 231(37.1%) were female. The mean duration of stay was
4.2 days. The most common cause of admission was post-operative (23.9%), followed by
accidental trauma (13.8%) and organophosphorus poisoning (9.8%). The average number of
drugs per encounter was 2.3 in our study. In our study, 39.4% of patients were expired, while
54.5% were shifted to a ward. The most common drug prescribed was metronidazole
(22.4%), followed by ceftriaxone (20.6%), while the most common class of antimicrobial
agents was cephalosporin drugs (27.5%). In a single drug prescription, cefotaxime was the
most commonly prescribed drug (7.7%), followed by ceftriaxone (6.6%). In this study, 63.9%
of drugs were prescribed by generic names and 36.1% by brand names. About 98.1% of
drugs were prescribed via the parenteral route followed by the oral route (1.9%). In our study
average, antimicrobial drug cost per patient was Rs. 2091.54, and the most common FDC
prescribed was amoxicillin with clavulanic acid (12.6%), followed by piperacillin with
tazobactam (4.21%).
Conclusion: The present study in medical and surgical ICUs can provide a framework for
continuous prescription audits in ICUs at the regional and national levels. This will provide
the database to predict future trends and cost-effective use of existing antimicrobial agents.
This will help develop standard operating procedures (SOPs) for ICU clinicians to rationalize
prescribing antimicrobial agents.
This is an Open Access article that uses a fund-ing model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.
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Introduction
Drug utilization research plays an
important role in clinical practice as it
forms the basis for amendments in the
drug dispensing policies at local and
national levels. [1] Patients with severe
illness and life-threatening diseases
admitted to the Intensive care unit (ICU)
require multidrug therapy from different
pharmacological classes. [2] Drug therapy
is complicated in ICU patients due to
having mixed types of infections and
contributes to a substantial portion of
routine prescriptions. The irrational use of
broad-spectrum
antimicrobial
agents
results in the emergence of resistant
microbes, drug interactions, treatment
failure and a high risk of adverse effects.
[3] The resistant strains indirectly impact
the health care cost of patients' duration
and severity of infections. Therefore,
evaluating the drug utilization pattern of
antimicrobial agents is important to guide
local and national prescription protocol in
health care facilities. This will improve the
prescription pattern of drugs and helps to
control resistance. [4] So, it was planned to
undertake a prospective drug utilization
study to guide the quality of care provided
by health care professionals.
The study aimed to observe and evaluate
the current drug utilization pattern of
antimicrobial agents among patients
attending the medical and surgical
Intensive care units with life-threatening
disease conditions in tertiary care teaching
hospitals.
Material and method
This longitudinal, prospective and
observational study was carried out to
determine the utilization pattern of
antimicrobial agents in the Medical and
surgical ICU at Guru Gobindsing
Government hospital, Jamnagar, a tertiary
care teaching hospital, from June 2017 to
May 2018 over 12 months. Patients were
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enrolled as per inclusion criteria: adult
patients above 18 years of age and of
either gender who were admitted to
medical or surgical, Intensive Care Units
(ICU), patients who were prescribed
antimicrobial agents, patients or their
relatives who gave consent and were
willing to participate in this study. Patients
under 18 years of age who were not
willing to participate in the study were
excluded. Study approval was taken from
the Institutional Ethics Committee of Guru
Gobindsing
Government
Hospital,
Jamnagar.
The data was collected from the sources
like admission case papers, lab reports and
therapy charts in predesigned case record
form (CRF). The intensive care unit has
issued a protocol for empirical use of
antibiotics in commonly encountered
disease
conditions.
The
patient's
demographic details and diagnosis and
drug therapy data were collected. Enrolled
patients were followed up every day until
their ICU hospitalization or mortality
occurred. Information about adding or
changing antimicrobial agents and any
adverse drug reactions (ADR) were
collected during the follow-up visit. The
prescription patterns were analyzed using
World Health Organization (WHO) basic
drug indicators. The average cost of
AMAs was calculated by multiplying the
cost per unit dosage and the dose number
used in each patient.
Results
Of 622 patients, 391(62.8%) were male,
and 231(37.1%) were female. Maximum
patients belonged to the age group of 3145 years 153(24.6%), followed by 46-60
years 144(23.1%) and 19-30 years138(22.1%). The mean age in study
subjects was 46.1±18.4 years, the mean
age in males was 46.3±18.4, and in
females was 45.8±18.4.
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Figure 1: Age & Sex distribution
In the present study, most of the patients
(48.5%) had a stay of 1-3 days. 38.7% of
patients had a stay of between 4-6 days.
The mean duration of stay was 4.2±3.5
days.
Most patients were suffering from postoperative complications 149(23.9%).
No of drugs
1
2
3
>4

Other common conditions were accidental
injuries
(13.8%),
organophosphorus
poisoning 61(9.8%), pneumonia (4.2%)
and other 48.2%.
In this study, about 34.4% of the patients
had received 2 antimicrobial drugs
followed by 3 (28.5%) and 1(24.7%).

No patients out of 620 (100%)
154 (24.7%)
214 (34.4%)
177 (28.4%)
77 (12.4%)

The average number of drugs per encounter was 2.31±1.4 in our study, ranging from 1 to 7.
In our study, 245 (39.4%) patients were expired, while 307 (54.5%) were shifted to the ward.
OUTCOME
Expired
Shifted to ward
Refer to higher Centre
Discharge against advice (DAMA)
Discharge on Request
The most common drug used was
metronidazole (22.4%), followed by
ceftriaxone (20.6%). In comparison, the
most common class of antimicrobial
agents was Cephalosporin drugs (27.5%),
followed by Anti amoebic drugs (22.4%),
Penicillin 242(17.6%), Fluoroquinolones
182(13.2%), Carbapenems 82(5.95%),
Keshwala et al.

Number of patients
245 (39.4%)
339 (54.5%)
28 (4.5%)
8 (1.3%)
2 (0.32%)
Aminoglycosides 57(4.1%), Antimalarial
41(2.9%) and others 6.18%.
In a single drug prescription, cefotaxime
was the most commonly prescribed drug
48(7.7%), followed by ceftriaxone
41(6.6%) and a fixed-dose combination
(FDC) of amoxicillin and clavulanic acid
24(3.9%). In a two-drug combination,
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metronidazole with ceftriaxone was the
most commonly prescribed combination
41(6.6%), followed by metronidazole and
FDC of amoxicillin and clavulanic acid
20(3.2%). In a three-drug combination,
metronidazole, ceftriaxone and FDC of
amoxicillin and clavulanic acid were the
most commonly prescribed combinations
51(8.2%).
In this study, 921 drugs were prescribed by
generic name and 521 by brand name. So,
Antimicrobial agents
ATC CODE
Metronidazole
J01XD01
Ceftriaxone
J01DD04
Amoxicillin+Clavulanic acid
J01CR02
Levofloxacin
J01MA12
Cefotaxime
J01DD01
Meropenem
J01DH02
Ciprofloxacin
J01MA02
Piperacillin + tazobactum
J01CR05
Linezolid
J01XX08
Amikacin
J01GB06
Artisunate
P01BE03
Azithromycin
J01FA10
Gentamycin
J01GB03
Clindamycin
J01FF01
Oseltamivir
J05AH02
Cefoperazone + sulbactam
J01DD62
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63.9% of drugs were prescribed by generic
name and 36.1% by brand name.
In our study, 1414(98.1%) drugs were
prescribed via the parenteral route while
28(1.9%) via the oral route.
The cost was calculated according to the
minimum price of that drug in IDR drug
triple I compendium 2018 Issue. Our
study's average antimicrobial drug cost per
patient was Rs. 2091.54 Rs.
WHO DDD g
1.5
2
3
0.5
4
2
0.5
14
1.2
1
0.28
0.5
0.24
1.8
0.15
4

No of patients
308
283
173
116
83
82
60
58
38
36
37
18
18
17
10
9

PDD g
1.5
1.9
3.6
0.5
2
2
1
13.5
1.2
1
0.25
1
0.42
1.16
0.3
3.2

In our study most common FDC prescribed was amoxicillin with clavulanic acid in
173(12.6%), followed by piperacillin with tazobactam in 58(4.21%)
Fixed drug combination

ATC
code
Amoxicillin + clavulanic J01CR02
acid
Piperacillin + tazobactum
J01CR05
Cefoperazone + sulbactam J01DD62

No FDCs out of a total number of AMAs
prescriptions (%)
173 (12.6%)
58 (4.2%)
9 (1.4%)

Discussion
The intensive Care Unit (ICU) is a
specialized hospital ward where patients'
critical illnesses and life-threatening
conditions are being monitored and
treated. Numbers of drugs are prescribed
to the patients admitted to ICU.
Antimicrobial agents are prescribed to
almost all patients admitted to ICU. There
is a lack of data about the utilization
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pattern of antimicrobial agents at our setup. Hence the present study was carried
out to use antimicrobial agents in ICU.
Our study's demographic results revealed
that the patient's mean age was 46.2±18.4
years, similar to a study in Punjab in 2011
with an average age of 49 years [5]. In
another study by Lisha et al. 2011 which
mean age was 49.2±15.8 years [6]. Similar
reports from Malaysia and Nepal reported
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mean age of the patient was 50.8 ± 21.8
years and 49 years, respectively [7]. The
reason why in the age group of 45-59
years is that life-threatening diseases like
cardiovascular
diseases,
respiratory
infection, diabetes, cancer and traumatic
injury are common and may require ICU
admission [8].
The most common age group admitted in
our study was 31-45 years 153(24.6%) In a
study conducted by Naqvi et al. 2016 also
shows the most common group was 1530years with the highest rate of admission,
31.8%, while in a study by Pandiamunian
et al. 2014 most common age group was
51-60 years which was 23% [9, 10].
In our study male to female ratio was
1.69:1, males were about 391(62.3%), and
females were 231(37.1%), which is similar
to males 70(63.6%) and females
40(36.4%) in the study carried out by
Naqvi et al. 2016[9].
The majority of the patients admitted to
ICU were due to post-operative
complications 149(23.9%), accidental
trauma 86(13.8%), Organophosphorus
poisoning 61(9.8%) and pneumonia
26(4.2%). Patients with post-operative,
traumatic injury or poisoning require basic
life supports like mechanical ventilation
and continuous vitals monitoring. Reason:
Most patients are admitted postoperatively due to continuous monitoring
of vital functions during post anaesthetic
recovery and pain management [11].
While the other was having most common
indication for admission was sepsis [9]. In
another study in UAE, having sepsis was
the most common condition for admission
[6].
We observed 245(39.4%) patients expired,
and 339(54.5%) patients were shifted to
the ward. While in another study in Punjab
by William et al. 2016 showed the result
that 121(60.50%) were discharged and
79(39.50%) expired [5], and in another
study in UAE, 204(28%) expired,
526(70.6%) improved [6].
Keshwala et al.
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In our study mean duration of stay in ICU
was 4.23±3.5 days, and this may be due to
more number of patients on a life support
system which may prolong stay in ICU
[12]; In the study by William et al. (2016)
which was having an average duration of
stay of 5.75 days and in another study at
Mohali average duration of stay was 6.6
days [13].
It was observed that the average number of
antimicrobial drugs prescribed per patient
was 2.31±1.40 in ICU, similar to the study
carried out by Gangwar et al. and Mahajan
et al., where the average no. of the
prescribed antimicrobial drug was 2.09
and 3.36 respectively[14,15]. In the ICU,
polypharmacy was observed due to critical
and morbid conditions [16].
At present study set up, antimicrobial
agents are available according to Gujarat
state Essential Medicine List, and the
majority of antimicrobial agents were
prescribed according to this state's
Essential Medicine List. Out of 27 drugs,
23 (85.2%) drugs were prescribed
according to the essential medicine list of
WHO, 2017, while 22(81.5%) drugs were
prescribed according to the National
Essential Medicine List (EML) of India
(2016) WHO reported that average 60%
drugs prescribed from EML on a survey of
35 countries in the world which was lower
compared to our study (WHO 2004). It
indicates that prescribing pattern of AMAs
in ICU is much more rational.
In ICU, 214(34.4%) patients received
more than two antimicrobial agents. A
Study by Vandana et al. showed that
216(45%) of patients received more than
two antimicrobial agents (AMAs) [17]. A
study from the German ICU reported that
7.2% were prescribed more than two
antimicrobial agents [18]. Prescribing
more than two antimicrobial agents may
be due to the majority of the patients were
admitted post operatively and thus the
longer duration of stay in ICU for
monitoring of vitals and complications.
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In our study, 98.05% of antimicrobial
agents were prescribed via the parenteral
route in ICU, which was much higher than
other administration routes. Similar
findings were reported in a study by
Bansal et al. 2014, was having 67% of
drugs via the parenteral route [13], and a
study carried out at a hospital in Israel
suggested 64% of antimicrobials were
prescribed parenterally [19]. Critical
condition and operative patients are
required for parenteral/IV treatment for
immediate action to maintain vital function
[17].
It was observed that above 921(63.8%)
antimicrobial agents were prescribed
generically in ICU. Antimicrobial agents
were prescribed generically higher as
compared to brand name prescriptions. In
our study, 521(36.1%) antimicrobial
agents were prescribed by brand name. In
contrast to our study, a study conducted in
Bangalore showed that 70% of
antimicrobial agents were prescribed by
brand name [20]. In another study by
Lisha et al., prescription of 70% was with
brand name [6]. The prescription by
generic names decreases the unnecessary
economic burden on patients from lower
socioeconomic statuses.
In our study, all patients were started with
Empirical antimicrobial therapy, similar to
the study conducted by Williams et al.,
who reported that 95% of patients were
empirically
prescribed
antimicrobial
agents [5].
The most common group prescribed was
Cephalosporins 379(27.54%) in our study,
followed by Anti-amoebic 308(22.38%)
and Penicillin group 242(17.58%), which
was contrary to the study by Bansal et al.
2016 which shows maximum usage of
cephalosporins
409(27%)
followed
penicillin group 15.3% and antiamoebic
group12.6% [13]. The most common
antimicrobial drug prescribed was
metronidazole 308(22.38%), followed by
ceftriaxone
283(20.56%)
and
Amoxicillin+Clavulanic
acid
Keshwala et al.
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172(12.57%). At the same time, another
study at Mohali also shows the AMA with
maximum consumption was metronidazole
(14.3%), followed by ceftriaxone (12.6%)
and Artisunate (10.8%) [13]. As in ICU,
most patients admitted after operative
procedures and post-operative patients had
a risk of developing gram-negative and
anaerobic infection [21,22].
In our study, the most common FDC was
Amoxicillin+Clavulanic
acid
in
173(12.6%) prescriptions. While in an
investigation, the most common FDC was
cefoperazone + sulbactam in 30.8% of
prescriptions [6].
Our study's average cost per patient for
antimicrobial drug usage is Rs. 2091.54.
Another study from Uttarakhand revealed
average cost per patient for the
antimicrobial drug is Rs. 1995[5], While
the same Rs 1995.05 per patient for
antimicrobial drug usage is seen in the
study by Williams et al. 2016 [14].
Antimicrobials are widely prescribed
empirically and in the post-operative
period to the patients admitted to ICU.
Hence we recommended the following
suggestions
to
improve
rational
prescribing of antimicrobial agents and to
reduce the risk of development of
resistance to antimicrobial agents: 1)
Education of prescriber by encouraging
attending seminars, medical workshops,
conferences,
Continuous
Medical
Education (CME) 2) Availability of drug
formularies, EML and antimicrobial policy
in every unit, ward including ICU,
operation theatre and to every prescriber.
3) Strict monitoring of the implementation
of antimicrobial policy. [23]
Conclusion
The medical and surgical ICUs comprise
the majority of the drug-resistant
microbiome for which a wide variety of
antimicrobial agents are utilized to treat
these infections. The emergence of drug
resistance has become a challenging
problem nowadays. It has been essential to
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improving the rational use of antimicrobial
agents. The present study in medical and
surgical ICUs can provide a framework for
continuous prescription audits in ICUs at
the regional and national levels. This will
provide the database to predict future
trends and cost-effective use of existing
antimicrobial agents. This will help
develop standard operating procedures
(SOPs) for ICU clinicians to rationalize
prescribing antimicrobial agents.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

8.

9.

10.

References
1.

2.

3.

4.

5.

6.

7.

Mittal N, Mittal R, Singh I. Drug
Utilization Study in a Tertiary Care
Center:
Recommendations
for
Improving Hospital Drug Dispensing
Policies. Indian J Pharm Sci. 2014 JulAug; 76(4): 308–314.
John LJ, Devi P, John J. Drug
utilization study of antimicrobial
agents in medical intensive care unit of
a tertiary care hospital. Asian J Pharm
Clin Res. 2011; 4(2);81-4.
Townsend PL, Reynolds JR, Zaske
DE. Applied Pharmacokinetics in the
Intensive Care Unit. In, Irwin RS,
Cerra FB, Rippe JM (ed). Irwin and
Rippe’s Intensive Care Medicine, 4th
edition.
Philadelphia,
Lippincott‐
Raven Publishers, 1999; 1413.
Niederman MS. Appropriate use of
antimicrobial agents: Challenges and
strategies for improvement. Crit Care
Med 2003; 31: 608‐ 16.
Williams A, Mathai AS, Phillips AS.
Antibiotic prescription patterns at
admission into tertiary level intensive
care unit in Northern India. J pharm
Bioall Sci 2016;3: 531-6
Lisha J, Padmini D, Jenny J, Shoba G.
Drug utilization study of antimicrobial
agents in medical intensive care unit of
a tertiary care hospital. Asian journal
of pharmaceutical and clinical research
2011; 4: 81-84.
Shankar PR, Partha P, Dubey AK,
Mishra P, Deshpande VY. Intensive
care unit. The pharma innovation
2012;1:68-72.

Keshwala et al.

11.

12.

13.

14.

15.

16.

Dhak B, Mutharayappa R. Gender
differential in disease burden: its role
to explain gender differential in
mortality. The Institute for Social and
Economic Change 2009; 81: 1-25.
Naqvi M, Chiranjeevi U, Shobha J.
Prescription Patterns of Antibiotics in
Acute Medical Care Unit of a tertiary
Care Hospital in India. Int. J. Curr.
Microbiol. App. Sci 2016; 3: 673-679.
Pandiamunian j, Somasundaram g. A
Study on Prescribing Pattern of AntiMicrobial Agents in The Medical
Intensive Care Unit Of A Tertiary Care
Teaching Hospital In Puducherry
Union
Territory,
South
India.
International Journal of Pharmacy and
Pharmaceutical Sciences 2014; 6:235238.
Kanhai KK. Non-invasive respiratory
monitoring in surgical intensive care.
2001; 3:112-34.
Subhash HS, George B, Devi A, Jon
G, Chnady M, Srivastava A. Patients
with hematological disorders requiring
admission in medical intensive care
unit: characterstics, survival and
prognostic factors. IJCCM April
2013;7(2):88-93.
Bansal V, Medhi B, Jose V, Pandhi P.
Changing trend in the use of
antimicrobials over ten years in a
tertiary care hospital. Indian J
Pharmacol. 2016; 43:365–7.
Gangwar A, Kumar N, Kothiyal P.
Antibiotic prescription and cost
patterns in an intensive care unit:
Review of the literature. The pharma
journal 2012;7(1):68-73.
Mahajan B, Kaushal S, Chopra S. A
drug utilization study of antimicrobial
agents (AMAs) in intensive care units
(ICUs) at medical college hospital of
North India. J K science 2013; 15:129132.
Viktil K, Blix H, Moger A, Reikvam
A. Polypharmacy, as commonly
defined, is an indicator of limited value
in the assessment of drug-related

International Journal of Pharmaceutical and Clinical Research
293

International Journal of Pharmaceutical and Clinical Research

17.

18.

19.

20.

problems. Br J Clin Pharmacol. 2007
Feb; 63(2): 187–195.
Vandana A, Sanjay kumar B. Study of
Prescribing Pattern of Antimicrobial
Agents in Medicine Intensive Care
Unit of a Teaching Hospital in Central
India. JAPI 2015; 60:20-23.
Hartmann B, Junger A, Brammen D,
Rohrig R, Klasen J, Quinzio L et al.
Review of antibiotic drug use in a
surgical ICU: management with a
patient data management system for
additional outcome analysis in patients
staying more than 24 hours. Clin Ther
2014;26: 915-24.
Raveh D, Levy Y, Schlesinger Y,
Greenberg A, Rudensky B and Yinnon
AM: Longitudinal surveillance of
antibiotic use in the hospital. QJM
2012, 94:141-152.
John LJ, Devi P John P, Guido S. Drug
utilization study of antimicrobial
agents in medical intensive care unit.

Keshwala et al.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Asian J Pharm Clin Res 2011; 4 (2):
81-84.
21. Saleh NA, Purya M, Hemadri M.
Generic names or trade names
prescribing practices of junior doctors.
Kuwait medical journal 2001, 33 (2):
153-155.
22. World Health Organization. Guidelines
on Prevention and Control of Hospital
Associated Infections, Role of the
microbiology laboratory, New Delhi,
January 2002:1-50 Available from
http://www.searo.who.int/LinkFiles/Pu
blications_hlm-343.pdf [cited on 2022
May 2]
23. Good, A., Wells, A., Katz, B.,
Alexander, M., Klokol, D., Chen, M.
K., Wong, M. B., Cox, D. C., &
Lakey, J. R. MALDI-ToF Analysis of
Mitochondrial
Peptides.
Clinical
Medicine Insights, 2022:3(2), 297–
303.

International Journal of Pharmaceutical and Clinical Research
294

