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ABSTRACT

Objectives: The objective of this study was to assess trends in antimicrobial prescribing pattern in a tertiary care teaching hospital as a foundational
step toward establishing an effective antimicrobial stewardship program.

Methods: A retrospective observational study was conducted ata tertiary care hospital involving patients admitted to the medicine ward and intensive
care unit (ICU) from October to December 2019. Inclusion criteria comprised patients who received at least one antimicrobial agent (AMA). Data were
collected from hospital records using a validated data collection tool that had been previously piloted for accuracy.

Results: We screened 1066 patients, including 324 (30.4%) patients for whom the rationality of the selection of AMAs was assessed. Only 53.3%
of prescriptions were rational, per the hospital antimicrobial policy. Of the total prescriptions, 61.2% of AMAs were prescribed empirically, 31.5%
definitively, and 7.3% prophylactically. The range of antibiotics prescribed per patient was 1-4. Although crucial, culture sensitivity testing was
performed for 43.3% of ICU patients and 37.9% of medicine ward patients, resulting in an overall testing rate of 38.9% among patients.

Conclusion: The implementation of ASP is crucial in combating drug resistance; however, before its implementation, an audit, as conducted here, is
essential to identify areas for improvement in antimicrobial prescribing practices. Our findings highlight the need to prioritize culture and sensitivity
testing and to ensure adherence to the hospital’s antimicrobial policy through continued education and training for prescribers.
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INTRODUCTION

The introduction of antibiotics marked a breakthrough in modern
medicine, offering strong protection against bacterial diseases
and significantly reducing morbidity and mortality in many
populations [1]. Between 2000 and 2010, antibiotic consumption in
71 countries increased by 36%, with Brazil, Russia, India, China, and
South Africa accounting for three-quarters of this increase [2]. In India,
the prevalence of antibiotic use is 24-67% of the total antibiotics
produced [3]. Antibiotics are the mostcommonly used and misused
medications by patients and prescribers [4]. Excessive, inappropriate,
andunnecessary use of antibiotics is the main reason for antibiotic
resistance [5].

Antibiotics have indeed proven to be lifesaving, but their usefulness is
surely under threat due to the universal increase in antibiotic resistance,
which is a serious global health challenge [6]. Alexander fleming had
this problem in mind when he cautioned against the overuse of these
agents and anticipated the problem of resistance more than 70 years
ago. According to the center for disease control and prevention, more
than 2 million people are infected with antibiotic-resistant organisms,
resulting in approximately 23,000 deaths annually. Excessive,
inappropriate, and unnecessary use of antibiotics is the main reason for
antibiotic resistance [7].

Realizing the threat of antimicrobial agent (AMA) resistance, from
2017 to 2021, India is implementing the National Action Plan on
Antimicrobial Resistance to control it and to improve antibiotic use
by doctors, consumers, and healthcare institutions [8]. The regulatory
bodies in India recently introduced Schedule H1 under the existing

drugs and cosmetics act of 1945 to restrict the irrational prescribing
of antibiotics [9].

The antimicrobial stewardship program (AMSP), which ensures careful
and responsible management of antibiotics, is one of the most powerful
tools for ensuring rational AMA usage and preventing antimicrobial
resistance [10]. The necessity for such a program is, fortunately,
becoming more universally acknowledged, particularly at tertiary
care facilities, with several of them already implementing it [11,12].
Knowledge about antibiotic utilization patterns is necessary for a
constructive approach to the problems that arise from multiple usages
of antibiotics [13]. Hence, the present study was planned to understand
the prescribing pattern at a tertiary care teaching hospital as a prelude
to the initiation of the antibiotic stewardship program.

METHODS

This retrospective observational study was conducted at a tertiary care
teaching hospital in Pune, following approval from the Institutional
Ethics Committee (BVDUMC/IEC/30 dated May 14, 2019).

The pilot study conducted in the same institute observed 42% of
irrational antimicrobial prescriptions [14]. With 13% of error and
a 95% confidence interval, the estimated sample size was 309.
Considering some loss of information, 324 antimicrobial prescriptions
were included in the study.

Inclusion criteria
All patients admitted to medicine ward or intensive care unit (ICU) who
received at least one AMA during October 2019-December 2019.
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Exclusion criteria
Patients with incomplete medical records were excluded.

Hospital records of 1066 patients were screened to include 324 patients
being prescribed antibiotics. Patient data were collected from the
hospital records obtained from the medical record department.

An “AMA record form” with the following components was prepared
for data collection. A pilot study was conducted to see the feasibility
and validation of the data collection form. The data collection form was
modified according to the observations and conclusions from the pilot
study [14].

The data collection form included patient demographics and diagnostic
details. Details about AMA administered with dose, method, and
duration; cause for starting AMA (empirically/definitively) were
captured. Information about the investigations necessary for confirming
the diagnosis and assessing the rationality of AMA use, such as X-ray
of the chest, total leucocyte count (TLC), procalcitonin, C-reactive
protein (CRP), and culture sensitivity report details, if sent, was noted.
The presence of an implant, central line, or catheter, comorbidities,
hemodynamic instability, or mechanical ventilationwas considered as
an additional factor for justifying the need for AMAs.

Institutional standards for using AMAs had already been developed
as a prelude to the start of the ASP, and the hospital antibiotic policy
(HAP) had already been formulated. These parameters were used to
assess the appropriateness of prescribed AMAs. Antibiotic selection
was considered appropriate (rational) if it was in accordance with
HAP. Adherence to HAP was also used to evaluate the rationality of
AMA dosage, method, duration, and frequency of administration. The
change in AMA after the culture and sensitivity report, if any, was also
evaluated.

The HAP was developed in consultation with the department
of microbiology and the hospital infection control committee. It
recommends the use of narrow-spectrum agents as first-line therapy
whenever appropriate, based on local antibiogram data. The policy
specifies preferred first-choice drugs for common syndromes (e.g.,
ceftriaxone or amoxicillin-clavulanic acid for community-acquired
respiratory infections; piperacillin-tazobactam for severe hospital-
acquired infections) and restricts the use of high-end agents such as
carbapenems and linezolid to culture-confirmed, resistant infections
or on infectious disease consultation. The policy also emphasizes
de-escalation based on culture resultsand limits empirical therapy
duration to 72 h unless justified clinically [15].

Analysis of data
The data were analyzed using the Statistical Package for Social Sciences
software ver. 25.0.

Descriptive statistics were expressed as mean*standard deviation for
continuous variables and frequencies/percentages for categorical data.
Chi-square tests were applied to compare proportions (e.g., culture
sensitivity testing rates and rationality between ICU and ward patients).
“p<0.05 was considered statistically significant.”

RESULTS

Demographic details

A total of 1066 patients were screened for the study, of which
324 (30.4%) received at least one antibiotic, 60 from the ICU, and 264
from the medicine ward. The rate of antimicrobial prescription was
higher (89.6%) for ICU patients compared to the ward (26.4%). Among
the 324 patients, the male-to-female ratio was 1.45:1 (Table 1).

In the present study, the rate of performing culture sensitivity testing
before antimicrobial prescription was 43.3% among ICU patients and
37.9% among patients in the medicine ward. A statistical comparison
using the Chi-square test of independence revealed that this difference
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was not statistically significant (p=0.525). This indicates that the
likelihood of conducting culture sensitivity testing was comparable
between the two hospital settings (Table 2).

AMA selection pattern

A total of 492 AMAs were prescribed for 324 patients. Of these,
61.2% were prescribed empirically, 31.5% definitively, and 7.3%
prophylactically (Table 3).

Number of AMAs prescribed per patient
The range of antibiotics prescribed per patient was 1-4, with an
average of 1.7.

One-third of patients (36.7%) received one antibiotic, 42.3% received
two antibiotics, 17.4% received three antibiotics, and 3.6% of patients
received four antibiotics.

Assessment of rationality

When the rationality of the selection of AMAs was assessed considering
adherence to HAP, only half of the prescriptions (53.3%) were found
to be rational, 42.7% were irrational, while for 4% rationality could
not be assessed due to inadequate information. Rationality for AMA
prescription was similar for ICU and medical ward patients (52.4% and
48.8% respectively). Applying the Chi-square test for proportions, p=0.6.
Since p=0.61>0.05, there is no statistically significant difference in the
rationality of AMA prescriptions between ICU and medical ward patients.

Ceftriaxone is by far the most commonly prescribed antibiotic,
accounting for 40% of all AMAs. This high use, especially if empirical
and not guided by culture reports, raises concerns about overuse and
potential resistance. Macrolides and broad-spectrum beta-lactams are
also common.

Azithromycin (13%) and amoxicillin-clavulanic acid (11%) are also
frequently prescribed, likely reflecting treatment of community-
acquired respiratory and soft-tissue infections.

Table 1: Gender distribution of the population screened for
sample collection

Antibiotic given ICU Medicine Total
Yes No Yes No

Male 39 05 153 418 615

Female 21 02 111 317 451

Total 60 07 264 735 1066

ICU: Intensive care unit

Table 2: Culture sensitivity of the patients who received antibiotics

Place of admission Culture sensitivity

No (%) Yes (%) Total (%)
Icu 34 (56.7) 26 (43.3) 60 (100.0)
Medicine ward 164 (62.1) 100 (37.9) 264 (100.0)
Total 198 (61.1) 126 (38.9) 324 (100.0)

ICU: Intensive care unit

Table 3: AMA selection pattern in the patients who received
antibiotics

Definitive/empirical/prophylaxis

Place of Definitive = Empirical Prophylaxis Total
admission n (%) n (%) n (%) n (%)

ICU 30 (35.7) 52 (61.9) 2(24) 84 (100.0)
Medicine 125(30.7) 249(61.0) 34(8.3) 408 (100.0)
Grand total 155 (31.5) 301(61.2) 36(7.3) 492 (100.0)

ICU: Intensive care unit, AMA: Antimicrobial agent
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Piperacillin-tazobactam (10%) and carbapenems/linezolid (4%) are
high-end or reserve antibiotics. Their relatively high use may indicate
inappropriate escalation, particularly if not supported by culture-
sensitive results. Metronidazole (10%) is commonly used, likely for
anaerobic or mixed infections. Quinolones and other cephalosporins
(each 6%) show moderate usage but are still notable due to known
associations with resistance and side effects. Other AMAs (2%) category
may include antifungals, antivirals, or less commonly used antibiotics
and suggest a diverse spectrum of prescribing in limited cases.

The analysis of allied clinical parameters revealed significant
differences in infection risk factors between ICU and medicine ward
patients, impacting antimicrobial prescribing patterns (Table 5):

Presence of implant

Implants were present in 75% of ICU patients compared to 25% in the
ward, significantly increasing the risk of device-associated infections
and influencing the initiation of prophylactic or empirical AMAs.

Comorbidities

A higher proportion of ICU patients (71.66%) had comorbid conditions
versus 28.33% in the ward, reflecting a greater vulnerability to
infections and the need for prompt antimicrobial therapy.

Hemodynamic instability

This condition was observed in 54.28% of ICU and 45.71% of ward
patients, often warranting early empirical therapy due to the potential
for sepsis or systemic infection.

Central line presence

Detected in 62.83% of ICU patients and 37.16% in the ward, central
lines are a known risk factor for bloodstream infections, justifying
vigilant antimicrobial initiation and monitoring.

Catheter use

Reported in 55.73% of ICU and 44.26% of ward patients, catheter-
associated infections remain a significant concern and often trigger the
use of antimicrobials.

These findings emphasize the need for targeted antimicrobial
stewardship interventions, particularly in ICU settings, where the
prevalence of high-risk factors is greater. Rational use of AMAs in these
patients should be guided by timely culture testing, clinical judgment,
and strict adherence to the hospital’s antimicrobial policy.

Infections treated with the AMAs

The most common infections for which AMAs were used were acute
enteritis, gastritis, acute hepatitis, catheter-related infections, upper
respiratory tract infections, lower respiratory tract infections, urinary
tract infections, and pneumonia.

AMAs were used as prophylactic therapy in colonoscopy, endoscopy,
gastroscopy, and cystoscopy.

Drug interactions and compatibility
No drug interactions, as well as physical or chemical incompatibility,
were observed among the antibiotics prescribed.

Length of stay
The hospitalization period ranged from 1 to 23 days, with an average
length of stay of 5.7 days.

DISCUSSION

Antibiotic resistance is a global issue and rational use of AMAs is the
key point. Ensuring the appropriate and effective use of medications
(AMAs) requires ongoing drug utilization studies [16].
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Following a pilot study, a larger investigation with an adequate sample
size was conducted at a tertiary care center as a prelude to the initiation
of an antimicrobial stewardship program. At this tertiary care teaching
hospital, nearly one-third of admitted patients received at least one
AMA, which was subsequently evaluated for rationality. A total of
492 AMAs were prescribed, of which 61.2% (301) were prescribed
empirically, 31.5% (155) definitively, and 7.3% (36) prophylactically.
The assessment of rationality took into account various factors,
including the selection of AMAs, adherence to the hospital’s antibiotic
policy, culture sensitivity reports, presence of comorbidities, implants,
and central lines, and other investigations supporting the need for
AMAs.

The appropriateness of the chosen treatment was found to be only 53.7%
among the patients studied. This finding indicates that nearly half of the
patients did not receive AMAs as per the HAP. In research conducted by
Rajalingam et al., which included patients from the general medicine
and pulmonary departments of tertiary care hospitals, the rationality
of antibiotic prescriptions was assessed using guidelines prepared
by Micromedex and NFI 2011 [17]. They observed that 60.1% of the
antibiotic medications administered were appropriate according to the
indications. In a multi-center study through the Global Point Prevalence
Survey by Singh et al, it was observed that 77.4% of prescriptions
complied with the guidelines [18]. In our study, the rationality was
slightly higher (52.4%) in ICU patients than in the medicine ward
(48.8%). This difference may be attributed to the fact that ICU patients
often have multiple comorbid conditions and complications, making
the use of antibiotics necessary.

The culture sensitivity test is a crucial factor for initiating, de-
escalating, or modifying AMAs. In our study, culture sensitivity
tests were conducted for only 38.9% of the patients, more so in ICU
patients (43.3%) compared to the medicine ward (34%). Khavane et al.
conducted a study on the prescribing patterns of antibiotics and the
sensitivity patterns of microorganisms toward different antibiotics,
revealing that information on antibiotic use and resistance patterns
of common microorganisms is lacking in hospitals in India [19]. In
addition, a study by Rathinavelu et al., conducted in a secondary care
referral hospital in India, highlighted the deficiency of culture sensitivity
testing when prescribing AMAs and emphasized the necessity for such
testing [20]. In the study by Rajalingam et al.,, out of 200 patients, only
37 (18.5%) did their sensitivity tests. Ideally, according to the National
Treatment Guidelines for Antimicrobial Use in Infectious Diseases, the
appropriate sample should be sent for culture sensitivity testing before
prescribing the AMAs [17]. However, the studies mentioned above
observed that this practice is often lacking. Instead, antimicrobials are
primarily prescribed empirically. The main reasons for not performing
the test are the time required for the report, cost and availability of
laboratory facilities, especially in rural areas. Therefore, there is a need
to cultivate the habit of sending samples for culture sensitivity testing
before prescribing AMAs for admitted patients [21].

We could not assess the rationality of 4% of prescriptions due to a lack
of adequate information for the diagnosis or initiation or termination
of antibiotics. In the pilot study, non-accessibility was 18%. This
study supersedes the pilot study as we have included the additional
supportive parameters (Fig. 1) in deciding rationality. That could be the
reason why we could analyze more prescriptions compared to a pilot
study.

At times, AMA prescription audits were conducted; however, the
authors did not comment on rationality [22]. A study on ICU patients
reported that 72.2% of patients were started on broad-spectrum
antibiotics on admission. Among these patients, 22.4% received an
incorrect dosage, and 62% did not complete their prescribed treatment
course [23]. A tertiary care hospital from India reported that the overall
appropriateness of antibiotics was 57.85%; however, on examining
specific aspects, the appropriateness rates were 60.61% for indication,
55.38% for duration, 59.07% for dose, and 56.31% for frequency [24].
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Rationality of administration of AMAs
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Fig. 1: Assessment of rationality in antimicrobial agent
administration based on prescription parameters

Overall, 7.3% of AMAs were used prophylactically. In the global point
prevalence survey, prophylactic use was 28.7, while in the European
Surveillance of Antimicrobial Consumption, it was 6.7%.

During this period, 492 AMAs were prescribed. Among the AMAs,
ceftriaxone was found to be prescribed for the largest number (40%),
followed by azithromycin (13%) and metronidazole (10%) (Table 4).
These observations are consistent with the study results of Rajalingam
et al., who reported that the private tertiary care teaching hospital at
Coimbatore used ceftriaxone most commonly, although in a much
lesser percentage (15.4%) than ours [17]. The wide spectrum of action
and fewer adverse effects were considered probable reasons for its
excessive use. [tsexcessive use may be alarming due to its contribution
to antimicrobial resistance [25].

The cephalosporin group was the most commonly prescribed group, as
reported by Jokandan and Jha, although it was prescribed in only 22%
of cases [26]. Similar results were observed about cephalosporins by
Remesh et al. at the tertiary care hospital at Trivandrum [13].

Amoxicillin-clavulanic acid (10%) and piperacillin-tazobactam (10%)
were determined to be the most frequently prescribed fixed-dose
combinations (FDCs) in our study. Cefepime-tazobactum (14.6%)
and piperacillin-tazobactum (14.7%) were the commonly prescribed
FDCs in the study conducted by Rajalingam et al. [17] and amoxicillin-
clavulanic acid was a commonly prescribed FDC (11%) in the survey
conducted by Bade et al. [27]. Manyauthors had reported that penicillin
with beta-lactamase inhibitors (24%) was the most commonly
prescribed FDC. This could be because these antibiotics are effective
against extended-spectrum beta-lactamase producing Gram-negative
organisms that are endemic in our country [28]. In the present study,
high-end antibiotics such as linezolid, meropenem, and carbapenem
were used minimally (4%) in ICU patients with comorbidities and
complications.

Comorbidities are also a crucial compounding factor in deciding the
need for AMAs. Fifty percentages of ICU patients and 35.6% of medicine
ward patients had comorbidities in terms of diabetes mellitus,
hypertension, chronic kidney disease, liver disease, chronic obstructive
pulmonary disease, asthma, etc. Remesh et al. also considered patients’
comorbidities and reported that 39% of patients had comorbidities [13].

Data collection is an essential task in antibiotic stewardship [29].
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Table 4: Commonly prescribed AMAs in the tertiary care

hospital

Antimicrobial agents No. of cases n (%)
Ceftriaxone 196 40
Other cephalosporins 30 06
Amoxicillin-clavulanic acid 54 11
Azithromycin 62 13
Piperacillin-tazobactum 50 10
Feropenum, meropemun, and linid 20 04
Metronidazole 50 10
Quinolones 30 6
Other AMAs 9 2

AMA: Antimicrobial agent

Table 5: Allied parameters of ICU and medicine ward
patientswho received antibiotics

Parameter ICU Medicine Total

n (%) wardn (%) n (%)
Presence of implant 45 (75.0) 15(25.0) 60 (100.0)
Comorbidities 43 (71.7) 17 (28.3) 60 (100.0)
Hemodynamic instability 38 (54.3) 32 (45.7) 70 (100.0)
Central line presence 44 (62.8) 26 (37.2) 70 (100.0)
Catheter use 39 (55.7) 31 (44.3) 70 (100.0)

ICU: Intensive care unit

While considering the need for AMAs, other factors must be taken into
account, especially for patients admitted to the ICU, such as whether
the patient was on a ventilator, had a central line, catheter, implants, or
comorbidities. Similarly, laboratory and radiological investigations also
need to be considered. Sepsis-related laboratory investigations such as
TLC, neutrophilia, presence of toxic granules on hemogram, raised CRP,
or procalcitonin suggest sepsis and the physicians consider initiating
the AMAs. In our pilot study, determining the AMA'’s rationality became
challenging due to the inadequate information available on these
parameters. Therefore, we have included them in the present study
to assess their rationality. During the pilot study, we encountered
lapses in the data collection system. As a result, we modified
the data collection form to include several relevant parameters,
creating a strong foundation for the upcoming antibiotic stewardship
program.

CONCLUSION

This study revealed a significant gap in the rationality of AMA
prescription practices. It is essential to conduct culture sensitivity
tests to justify the need for antibiotics, which subsequently also
guides the escalation or de-escalation of the AMAs. Establishing an
antibiotic stewardship program, a coordinated initiative promoting
the appropriate use of AMAs, is necessary. Selecting an appropriate
AMA is a grey area that requires intervention through training for
prescribers. The AMSP team can take the lead in such training programs.
Antimicrobial prescription audits should be periodically conducted as
a part of the AMSP program to monitor the rational use of AMAs, which
will eventually help in reducing antimicrobial resistance.
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