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ABSTRACT 

Introduction: Antimicrobial stewardship is the use of the right antimicrobial for the right indication for the right 
duration and time in the right route. The evidence on the use of antimicrobials in Intensive Care Units, specifically in 
Kerala, is scanty, and hence the objective was to describe the pattern of use of antimicrobials in patients admitted to 
Intensive Care Units (ICUs) of the Government Medical College in Central Kerala.  

Method: This was a retrospective study conducted in the Department of Pharmacology, GMC Kottayam, with 
Institutional Review Board (IRB) clearance. The data collected from Medicine, Surgery, and Trauma Intensive Care 
Units (MICU, SICU, and TICU) of this Government Medical College for a period of one month in 2023 were analyzed 
using Jamovi 2.3.28.  

Results: A total of 227 (81.65%) received antimicrobials amongst 278 patients admitted in the ICUs. Four hundred and 
seventy-four antimicrobials were prescribed to 227 patients. The most common antimicrobial prescribed across all 
the ICUs was Metronidazole (114,24.05), and the most common group was the β-lactams (243, 51.26%). The majority 
drugs were from the Watch Category 249(52.53%). The average antimicrobial use per encounter was 2.09. The 
DDD/100 bed days of the ICUs were estimated as Anti-infectives- J- 1677.2 and Alimentary A -8.5.  

Conclusion: The most common across all ICUs was Metronidazole (114, 24.05%), and the most common group was 
β-lactams (243, 51.26%). The most common route of administration was parenteral, and the use of Access Drugs was 
less as compared to Watch drugs.  
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INTRODUCTION​
Antimicrobial Stewardship (AMS) refers to the optimal 
selection, dosing, and duration of antimicrobial 
treatment resulting in the best clinical outcome with 
minimal side effects to the patients and minimal impact 
on subsequent resistance.1,2  World Health Organization 
(WHO) policy on integrated antimicrobial stewardship 
activities states that there needs to be evidence-based 

policies, operational guidelines, standard operating 
procedures, and implementation tools to facilitate the 
scale-up of integrated stewardship activities.3 Even 
though prospective audit-feedback and 
preauthorization are the commonly used strategies of 
antimicrobial stewardship, limitations of this strategy 
include partial compliance, resource intensiveness and 
long lag period in visible benefits, however it comes 
with definite reduction in antimicrobial utilization and 
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cost reduction.4 Retrospective audit and feedback is 
another back end strategy that can be adopted in 
resource poor setting as an initial step towards 
implementation of antimicrobial stewardship 
programme. Patients admitted to the intensive care 
units (ICU) are seriously ill, while those admitted in the 
medical ICUs suffer from chronic critical illness, those 
admitted in the surgical and trauma ICUs have to tide 
over the morbidity immediately occurring 
postoperatively or post-trauma.5 The physiological 
instability and immunocompromised status of the 
patients admitted to the ICUs necessitate high stakes 
monitoring to facilitate therapeutic efficacy. Use of 
broad-spectrum antimicrobials, multiple antimicrobials, 
and extended length of therapy with antimicrobials can 
contribute to the growing antimicrobial resistance. 
ICUs turn out to be the epicenters of antimicrobial 
pressure accentuated by the altered response of the 
patients because of organ failure or accentuated renal 
clearance. Appropriate culture-based escalation, 
deescalation or step down is necessary for ensuring 
antimicrobial stewardship. Antimicrobial utilization 
studies serve as initial steps towards ensuring better 
antimicrobial stewardship practices. The literature and 
evidence though present are scanty regarding the 
pattern of use of antimicrobials in Intensive Care Unit 
specifically to Kerala. To address this gap this study 
was devised with an objective to describe the pattern of 
use of antimicrobials in patients admitted to Intensive 
Care Units of Government Medical College in Central 
Kerala.​
 

METHODOLOGY 

This was a retrospective study done in the Department 
of Pharmacology, of a tertiary care centre for a period 
of one month. Scientific Review Committee and 
Institutional review board clearance was obtained [IRB 
262/2023/GMCK dated 04.07.2023] before initiation of 
the study. The data collected as a part of the 
antimicrobial stewardship programme from the 
Medicine, Surgery and Trauma Intensive Care Units 
(MICU, SICU, and TICU) of this Government Medical 
College for a period of one month in 2023 were 
retrospectively analyzed during Antimicrobial 
Stewardship electives posting. All the patients who 
received a single dose of parenteral or oral 
antimicrobials in the MICU, SICU, and TICU with a stay 
for at least 24 hours during the study period were 
included in the study and their data were collected till 
they were transferred out. Patients who expired in less 
than 24 hours of admission or use of topical or local 
antimicrobials were excluded. The antimicrobial name, 
class of drug, Access Watch and Reserve (AWaRe) 
classification, incorporation of antimicrobial in the 

Essential Medicine List, whether the drug was available 
as single drug or fixed dose combination, the 
Anatomical and Therapeutic Classification were the 
different variables.6 The data were analyzed using 
Jamovi solid version 2.3.28. The Defined Daily Dose 
was estimated using the World Health Organisation 
Antimicrobial Consumption Tool.7 

RESULTS 
This study was done in 11, 18 and 15 bedded ICUs 
respectively of Medicine, Surgery and Trauma. The 
total number of patients admitted in Medical ICU 
(MICU) was eighty-seven of which sixty-two received 
antimicrobials, those in Surgical ICU(SICU) were 140 
of which 119 received antimicrobials and those 
admitted in Trauma ICU were fifty-one of which 
forty-six received antimicrobials during the one-month 
period. A total of 227(81.65%) received antimicrobials 
amongst 278 patients admitted in the ICUs. Four 
hundred and seventy-four antimicrobials were 
prescribed to 227 patients with an average 
antimicrobial use of 2.09 per encounter. 
As shown in Fig 1, the most common antimicrobial 
prescribed combining all the ICUs was Metronidazole 
(114,24.05), followed by Piperacillin Tazobactam 
(65,13.71%) and Cefotaxime (62,13.08%). The most 
common antimicrobials prescribed in MICU were 
Piperacillin Tazobactam (24) and Azithromycin (17); 
SICU were Metronidazole (85) and Cefotaxime (38) and 
TICU were Metronidazole (26) and Ceftriaxone (24). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: Antimicrobials prescribed in different intensive 
care units 
 
As summarized in table 1, the most common group of 
antimicrobials were the bet-lactams 243(51.26%) with 
118(24.89%) or without beta lactamase inhibitor 
125(26.37%) followed by the Imidazoles 114(24.05%). 
Classification of antimicrobials into World Health 
Organization-Access Watch and Reserve Group is 
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depicted in Figure 2. As shown in the figure2, in all the 
ICUs majority drugs were from the Watch Category 
249(52.53%) followed by the Access category 
178(37.55%). The use of Reserve drugs was nine and it 
was zero in TICU. 
 
 

​
​
 
 
 
 
 
 
 
 
 
Fig 2: Classification based on WHO-AWaRe 2023 
classification. 
*NR-not recommended by WHO because of inadequate 
evidence 
 
Table 2 summarizes the World Health Organisation 
recommended prescribing indicators. The average 
antimicrobial use per encounter was 2.09. Of the 474 
antimicrobials, 114 were prescribed in the MICU, 270 in 
the SICU and ninety in the TICU. As shown in Table 3, 
the antimicrobials prescribed in generic name was 
141(29.75%). Majority of the patients received 
parenteral antimicrobials 432 (91.13%) and 418(88.19%) 
were from the Essential Drug List. Of the 474 
antimicrobials, 346(73%) were single and 128(27%) 
were fixed dose combinations. 

Table 1: Antimicrobial Classification 

Class 
​
MICU SICU TICU Total 

Aminoglycosides 0 13 6 19 

Beta-lactam 26 60 39 125 
Beta-lactam/beta-lact
amase-inhibitor 

36 
67 15 118 

Carbapenems 10 17 1 28 
Carbapenem/beta-lac
tamase-inhibitor 0 5 0 5 

Fluoroquinolones 3 11 0 14 

Glycopeptides 3 3 1 7 

Imidazoles 3 85 26 114 

Lincosamides 6 1 2 9 

Macrolides 17 2 0 19 

Oxazolidinones 4 3 0 7 

Polymyxins 0 2 0 2 

Rifamycins 2 1 0 3 

Tetracyclines 4 0 0 4 

Table 2: WHO Prescribing Indicators 

WHO Prescribing 
Indicators 

MICU SICU TICU Total 

Average 
Antimicrobial Use 
Per encounter 

1.84 2.27 1.96 2.09 

Percentage of 
antimicrobials 
prescribed by generic 
name 

26.3 29.3 35.6 29.75 

Percentage of 
encounters with 
injection prescribed 

75.4 99.3 86.7 91.13 

Percentage of 
antimicrobials 
prescribed from 
Essential Drug List 
(EDL)* 

92.1 84.1 95.6 88.19 

* Antimicrobials listed in WHO Model List of Essential 
Medicines 2023 

Table 3: Defined Daily Dose 

 NAME ROUTE Class ATC AWaRe DDD 

Amikacin 
parenter
al 

Aminoglyco
sides J01GB06 Access 52.85 

Amoxicillin-
Clavulanic 
acid oral 

Beta-lactam
/beta-lacta
mase-inhibi
tor J01CR02 Access 33.33 

Amoxicillin-
Clavulanic 
acid 

parenter
al 

Beta-lactam
/beta-lacta
mase-inhibi
tor J01CR02 Access 52.26 

Ampicillin 
parenter
al Penicillins J01CA01  Access 4 

Ampicillin-Cl
oxacillin oral Beta-lactam   NR* NA 

Azithromyci
n oral Macrolides J01FA10 Watch 71.66 

Azithromyci
n 

parenter
al Macrolides J01FA10 Watch 9 

Benzyl 
Penicillin 

parenter
al Penicillins J01CE01 Access 0.5 

Cefepime-Ta
zobactam 

parenter
al 

Beta-lactam
/beta-lacta
mase-inhibi
tor   NR NA 

Cefixime oral 

Third 
generation-
cephalospo
rins J01DD08 Watch 30 

Cefoperazon
e -Sulbactam 

parenter
al 

Beta-lactam
/beta-lacta
mase-inhibi
tor 
anti-pseudo
monal   NR 56.625 

Cefotaxime 
parenter
al 

Third 
generation-
cephalospo
rins J01DD01 Watch 103.5 
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Ceftizoxime 
parenter
al 

Third 
generation-
cephalospo
rins J01DD07 Watch 2 

Ceftriaxone 
parenter
al 

Third 
generation-
cephalospo
rins J01DD04 Watch 544 

Cefuroxime oral 

Second-gen
eration-cep
halosporins J01DC02 Watch 2 

Ciprofloxaci
n 

parenter
al 

Fluoroquin
olones J01MA02 Watch 18.5 

Clindamycin oral 
Lincosamid
es J01FF01 Access 10 

Clindamycin 
parenter
al 

Lincosamid
es J01FF01 Access 17 

Cloxacillin oral Penicillins J01CF02 Access 11 

Doxycycline 
parenter
al 

Tetracyclin
es J01AA02 Access 30 

Gentamicin 
parenter
al 

Aminoglyco
sides J01GB03 Access 11.333 

Imipenem-Ci
lastatin 

parenter
al 

Carbapene
ms J01DH51 Watch 15 

Levofloxacin 
parenter
al 

Fluoroquin
olones J01MA12 Watch 51.5 

Linezolid 
parenter
al 

Oxazolidino
nes J01XX08 Reserve 22 

Meropenem 
parenter
al 

Carbapene
ms J01DH02 Watch 88.16 

Meropenem-
Sulbactam 

parenter
al 

Carbapenem
/beta-lactam
ase inhibitor   NR NA 

Metronidazol
e 

parenter
al Imidazoles J01XD01 Access 375.33 

Ofloxacin 
parenter
al 

Fluoroquinol
ones J01MA01 Watch 24 

Piperacillin - 
Tazobactam 

parenter
al 

Beta-lactam/
beta-lactama
se-inhibitor_
anti-pseudo
monal J01CR05 Watch 203.62 

Polymixin B 

parenter
al Polymyxins J01XB02 Reserve 1.67 

Rifaximin oral Rifamycin A07AA11 Watch 8.49 

Teicoplanin 

parenter
al 

Glycopeptid
es J01XA02 Watch 38 

Tigecycline 

parenter
al 

Glycopeptid
es J01AA12 Watch 5 

Vancomycin 

parenter
al 

Glycopeptid
es J01XA01 Watch 15.5 

* Ampicillin and Cloxacillin are in Access group, but 
Ampicillin-Cloxacillin fixed dose combination is placed under 
Not Recommended list​
​
Figure 3 shows the days of therapy with antimicrobials 
in the different ICUs. The average days of antimicrobial 
use in the ICUs was 3.68 ± 3.22 days with a median use 
of 3(2,5). The average days of therapy was 3.13± 3.03, 
3.4± 2.68 and 5.2±4.39 days for MICU, SICU, and TICU, 
respectively. The length of therapy with antimicrobials 
ranged from 1 to 21 in MICU with a median of 2 days 
and IQR (1,4). The length of therapy with 

antimicrobials in SICU ranged from 1 to 15 with a 
median use of 3 days and IQR (1.75, 5). In the TICU the 
length of therapy was from 1 to 24 days with a median 
use of 4 days and IQR (2,6). 

The defined daily dose (DDD) was calculated using the 
WHO AMC Tool version 1.9. The DDD for each drug is 
summarized in table 3. The total number of beds in ICU 
was forty-four and the number of days of study was 
thirty-one with a 100% bed occupancy, giving a 
denominator of 1364 bed days. The DDD/100 bed days 
the ICUs was estimated Anti-infective J was 1677.2 and 
that for Alimentary A was 8.5. Thirty-one different 
antimicrobials were used to treat patients for various 
indications. Eleven were from Access group, seventeen 
from Watch group and Linezolid as well as Polymyxin 
from the Reserve group. 

 

Fig 3: Days of Therapy  

DISCUSSION 
This study highlights the antimicrobial utilization in 
different Intensive Care Unit of a tertiary care hospital 
in Kerala. A qualitative study done in Central Kerala 
reported challenges in implementation of antimicrobial 
stewardship with wide use of broad-spectrum 
antimicrobials hindering stewardship compliance. 8 In 
the current study 81.65% of the patients admitted in the 
ICUs received one or more antimicrobials which 
suggests the importance of strengthening stewardship. 
Cusack et al. has reported that 71% of the patients in 
the ICUs could require antimicrobials. 9It could be due 
to the critically ill situation of patients with multiple 
organ dysfunction and impaired immunoprotective 
mechanisms. In 2018, Kerala released Kerala 
Antimicrobial Resistance Strategic Action Plan 
(KARSAP)  conceptualized and implemented on the 
One Health platform emphasizing rational prescribing 
ever since its inception.10 The Smart Antimicrobial 
Hospital Initiative started in 2024 and revised 2025 in 
the state of Kerala  promotes rational prescribing, 
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prescription audit and reduced Watch group 
antimicrobial use.11 This study could act as a baseline 
indicator and benchmark for the further assessments 
after wider penetration of stewardship practices in the 
institution in the light of the recent guidelines. In this 
study, the watch group of antimicrobials accounted for 
52.53% of prescriptions with a predominance of 
ceftriaxone and meropenem. 

Syed et al. reported that the ICU patients received 
beta-lactams (cephalosporins and penicillin) which was 
in line with this study (51.26% beta-lactams).12In 
another South Indian study Lavakumar et al., found 
that cefotaxime/ceftriaxone were the most used 
antimicrobial agents followed by ampicillin-gentamicin. 
5 A study from Nepal by Marsarine et al., has shown 
that the total antimicrobial utilization in terms of 
defined daily dose per one hundred bed-days was 49.5 
and Piperacillin/tazobactam (45.2%) was the most 
prescribed antibiotic.13 The current study showed high 
DDD for the antiinfectives. The WHO surveillance 
reports indicate that ICU settings worldwide are 
hotspots for Watch and Reserve antimicrobial use. The 
analysis performed in 2024 in Southeast Asia has 
depicted a high consumption of the Watch category 
pointing towards the need to improve the prescribing in 
the “Access” category. 14Additionally, the consumption 
of third and fourth generation cephalosporins was 
observed to be increasing notably which emphasized 
tailored interventions for optimizing rational use.14 

A study conducted in Malawi found that 52.0%  patients 
received more than one type  antimicrobial 
concurrently ceftriaxone and metronidazole being the 
most common combination.15 The total average 
antimicrobial use per encounter in this study was 2.09 
with 2.27 in SICU as compared to 2.12 in a study 
conducted elsewhere.16 The predominance of 
metronidazole in SICU and TICU is consistent with 
surgical prophylaxis and anaerobic coverage, however 
dual and redundant coverage when prescribed with 
drugs like piperacillin-tazobactam needs to be 
discouraged. The high parenteral use (91.13%) suggests 
critically ill patients.16 Evaluation of antimicrobial use 
in MICU patients found that 73.15% were administered 
parenterally and there was a mean antimicrobial use of 
2.32 per encounter.13 Daily evaluation of signs and 
symptoms of infection in critically ill patients would 
ensure adoption of appropriate antimicrobial 
stewardship strategies.17 Hou et al. and Kitano et al., 
proposed that antimicrobial consumption decreased  
by adding stop orders in the antimicrobial stewardship 
protocols.18,19 Other protocols that could bring about 
changes with high clinician compliance are  the 5 
“moments” of antimicrobial prescribing viz, escalation, 

de-escalation, discontinuation, step down as well as  
optimization as reported by Devchand et al.20 

The strength of this study is that it provides 
ICU-specific antimicrobial utilization data from Kerala 
and covers multiple ICUs while integrating prescribing 
indicators. The short duration, the retrospective design, 
the lack of microbiological correlation and single 
centre data are the limitations of this study. There is a 
need for further documentation of the reasons for 
antimicrobial use with prospective audits which could 
bring out more meaningful data.  

CONCLUSIONS 
This study demonstrates high antimicrobial utilization 
in Kerala ICUs, dominated by Watch group agents and 
parenteral therapy, with metronidazole and 
broad-spectrum beta-lactams, which are most 
frequently prescribed. The findings suggest the need for 
robust antimicrobial stewardship programme along 
with prospective audit-feedback and 
microbiology-guided prescribing. Strengthening 
stewardship will help align the WHO recommendations. 
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