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INTRODUCTION 

Antibiotic resistance is considered as one of the 

worldwide health economic burdens. This can be mainly 

due to the inappropriate use of antibiotics.  

The incidence of morbidity and mortality due to 

antibiotic resistance can be reduced by controlling the 

irrational use of antibiotics. In most hospitals, different 

types of guidelines have been implemented to improve 

the antibiotic prescribing practice which includes the 
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formation of antibiotic usage guidelines, restricted 

antibiotics prescribing documentation forms, 

computerized prescribing, and monitoring information 

systems for the selection of antimicrobials.1 However, the 

antibiotic resistance pattern has been growing and 

challenging to treat infectious diseases.  

The microorganisms may show resistance to both already 

marketed and also to a newer class of antibiotics. Wide 

resistant microorganisms such as bacteria, fungi, viruses, 

parasites can withstand against the action of antimicrobial 

drugs which makes standard treatment ineffective and 

increase the risks of infections, also these 

microorganisms are called as “superbugs”.2 

Restricted antibiotics are those antibiotics that could 

contribute to acting against multi-resistance organisms. It 

is developed and targeted to ensure the effective use of 

antimicrobials and significantly reduces the resistance 

pattern among antimicrobial agents.3 Drug resistance is 

becoming a more serious condition and many infections 

may not be cured easily with existing protocol, leading to 

prolonged expensive treatment and increase the risk of 

death.3 Hence, monitoring antibiotic therapy and reducing 

the economic burden to the patient is difficult.  

Pharmacoeconomics is a branch of the analytical method 

of health economics which compares the cost of 

pharmaceutical products and treatment strategies. The 

pharmacoeconomic method includes cost-minimization, 

cost-effectiveness, cost-benefit, and cost-utility analysis.4 

Implementation of a program or methods and analysis of 

the cost of antimicrobial therapy showed the exact 

economic burden to the society as well as patients.4,5 In 

the present study, we have conducted a cost-minimization 

analysis (CMA) and calculated the total unit cost of 

restricted antibiotic usage in the patient’s prescriptions. 

CMA compares the cost of available alternate antibiotic 

brands that have equivalence in therapeutic outcomes. 

The clinical pharmacist can play an effective and 

important role in limiting the emergence of resistance and 

subsequent clinical consequence of antibiotic resistance 

by various pharmaceutical care activities involving and 

implementing strategies.1,6 Hence the basic information is 

a must to develop strategies. In the present study, the 

basic outline is preliminarily studied. 

METHODS 

The study was conducted as a cross-sectional, 

observational to analyze the usage pattern of restricted 

antibiotics and their cost-minimization analysis in Fortis 

hospital, Chennai. The study was approved by the 

institutional committee and conducted according to the 

declaration of Helsinki. The study was conducted for six 

months from January to June 2016. Patients' data were 

collected from medical records and patients prescribed 

any one or more restricted antibiotics were included for 

the study. Cost minimization analysis was conducted for 

the restricted antibiotics alone. The cost of other drugs 

and other associated medical costs were not included in 

the analysis. The total cost for the actual prescribed drug 

along with low-cost drugs was compared for cost-

minimization analysis.  

The cost-minimization analysis was done by calculation 

as follows: 

A. The total cost of individual restricted antibiotics 

prescribed (actual given brands cost) = [Unit cost of 

individual restricted antibiotics (actual given brands cost) 

× number of doses per day × number of days]  

B. Total cost of individual restricted antibiotics 

prescribed (brand with least cost) = [Unit cost of 

individual restricted antibiotics (brand with least cost) × 

Number of doses per day × Number of days]  

C. Total cost difference = Total cost of A - Total cost of 

B 

D. Percentage of total cost difference= [(Total cost of B- 

Total cost of A) / Total cost of A] ×100 

If more than one restricted antibiotic given calculated and 

added to total final costs in the same way of calculation 

of A and B for individual restricted antibiotics. 

Statistical analysis  

The statistical analysis was performed using Graph Pad 

prism 7.0. All data were expressed as percentage 

frequency and Mean±SD. The cost difference between 

the actual unit cost of prescribed restricted antibiotics 

with the lowest cost of available brands was compared by 

using a paired ‘t’ test. p<0.05 was considered statistically 

significant. 

RESULTS 

In the present study, 191 prescriptions with restricted 

antibiotics were identified and included in the analysis. 

The average age of the patients was found to be 

58.1±18.3 (Mean±SD) years. Many patients were in the 

age group of 70 years (25.7%) and 61-70 years (18.8%) 

followed by 51-60 years (19.9%). Among the total cases 

collected male: female percentage ratio was found to be 

61:39%. The patients were grouped into four different 

categories (Type 1-Type 5). Based on their duration of 

hospital stay and requirement of the treatment among 

them, type 3 was reported high followed by type 2 (23%) 

(Figure 1). Meropenem was prescribed highly 29.8% 

followed by imipenem (28.8%) and colistin (12%). The 

maximum dose of meropenem was prescribed 2 gm 

(1.8%) in one prescription and a minimum dose was 500 

mg (45.6%) observed in 26 (13.6%) prescriptions. The 

maximum dose of imipenem was 1 gm observed in 

32.7% of prescriptions and a minimum dose of 500 mg 

observed in 52.7% of prescriptions. The major reason for 
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starting restricted antibiotics was found to be infectious 

diseases (27.7%) followed by sepsis (23.6%).  

The restricted antibiotics were 71.7% prescribed for 

hospital-acquired infections and 28.3% for community-

acquired infections. The restricted antibiotics were 

prescribed for various reasons (Figure 2) however, 52.9% 

of patients’ culture reports were noted from the medical 

records. 

 

Figure 1: Patients categorized based on 

hospitalization (n=191). 

TYPE 1: No prior contact with the health care system in 

the past 3 months. 

TYPE 2: Contacted the healthcare system in the past 3 

months or <1 week in the hospital or <48 hours in ICU 

without an invasive procedure. 

TYPE 3: Long hospitalization (>1 week in the hospital or 

>48 hours in ICU) in the last 3 months and/or Type 2 

with 1 or more invasive procedures/patient on dialysis. 

TYPE 4: Type 3 with sepsis/ severe acute necrotizing 

pancreatitis/ tertiary peritonitis/ patient on TPN. 

 

Figure 2: Percentage of restricted antibiotics usage for 

various conditions (n=191). 

Table 1: Individual restricted antibiotics used and their unit and total cost (n=191). 

Drug name  No of Prescription  Unit cost (total in ₹)  Total cost (total in ₹ )  

Caspofungin  13  185000  2750500  

Amphotericin  3  33145  497175  

Imipenem  55  86922.72  2151464.4  

Colistin  23  68376.5  1036042  

Meropenem  57  129800  2534050  

Tigecycline  20  85863.93  1214698.92  

Vancomycin  7  3640.4  23950  

Linezolid  12  4560  72580  

Micafungin  1  17733  248262  

Table 2: Percentage cost difference and total actual unit cost of antibiotics with cheaper cost of available brands 

(n=191). 

Drug name 
Number of 

prescriptions 

Actual unit cost 

(A) (₹) 

Cheaper brand 

cost (B) (₹) 
% cost difference 

Caspofungin 13 185000 79920 -56.8 

Amphotericin B  3 33145 1750 -94.7 

Imipenem 55 86922.72 39765 -54.3 

Colistin 23 68376.5 33365.28 -51.2 

Meropenem 57 129800 82575 -36.4 

Tigecycline 20 85863.93 28953.13 -66.3 

Vancomycin 7 3640.4 2852.5 -21.6 

Linezolid 12 4560 3096 -32.1 

Micafungin 1 17733 17733 - 

A vs B Compared by student paired ‘t’ test, p<0.05. 
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The cost-minimization analysis was performed for 

restricted antibiotics, the unit cost for caspofungin 

(₹1,85,000 or $2523.40) was found to be higher followed 

by meropenem (₹1,29,800) (Table 1). The total unit cost 

for all restricted antibiotics was found to be ₹. 

6,15,041.55 and also the total cost for all the patients was 

found to be ₹.1,05,28,722.32 during the treatment period. 

In the total cost, caspofungin alone was found to be ₹.27, 

50,500 followed by meropenem alone costs ₹.25, 34,050. 

The cost differences were analyzed between the actual 

unit cost of prescribed restricted antibiotics with less cost 

available brands of the same antibiotic and were 

compared (Table 2). We have observed a significant 

difference among the prescribed brands with low-cost 

brands (p=0.0127). The mean cost of actually prescribed 

restricted antibiotics was found to be 

₹.68,338±61,332(Mean±SD). The lowest mean cost of 

restricted antibiotics was found to be ₹.32,223±31,082. 

The percentage cost difference showed that 45.93% of 

the cost could be saved by selecting low-cost restricted 

antibiotics brands. Also, it was observed that 

Amphotericin B prescribed a 94.4% higher cost brand 

than the available least-cost brand, similarly tigecycline 

(66.3%). 

DISCUSSION 

The restricted antibiotic usage pattern in a corporate 

hospital and cost-minimization analysis was studied. In 

the present study, we have analyzed and one of the major 

reasons for the usage of restricted antibiotics was found 

to be prolonged hospitalization for infectious disease and 

hospital-acquired infections. The most widely used 

restricted antibiotic was found to be meropenem followed 

by imipenem because most of the organisms were 

sensitive to these antibiotics. A higher dose of 

meropenem followed by imipenem was used in a patient 

due to highly resistive organisms or complicated surgery 

conditions. This finding was similar in a previous study 

the usage of meropenem reported was higher.7  

In recent days, the antibiotic usage pattern increased 
enormously with the various class of antibiotics for 
treating most infectious diseases. Some previous study 
reports revealed that the usage pattern in hospitalized 
patients was higher than the community patients.8,9 Also 
applying antibiotic stewardship practices are crucial to 
controlling the usage of high-end antibiotics.7 In the 
present study, most of the restricted antibiotics were 
prescribed for nosocomial infections (71.7%) and the 
finding was in agreement with the previous study.7 The 
prolonged hospital stay was the major reason for 
nosocomial infections and forces the physician to 
prescribe antibiotics to treat or prevent the infection.10 
Further nosocomial infections lead to increased or 
prolonged the length of hospital stays also associated 
with increased medical care costs.11,12 Several studies 
demonstrated that the prescribing pattern of restricted 
antibiotics was increased in practice.13,14 The results 
revealed that the excessive use of certain antibiotics 

remains a challenging problem. Frequently monitoring 
the usage of high-end antibiotics such as ceftazidime, 
imipenem, or meropenem and vancomycin were useful 
and promote rational drug use as well as to reduce drug 
resistance.15  

Pharmacoeconomic analysis of antibiotics will provide a 
great insight into antibiotic selection and improving 
rational antibiotic usage pattern.9 Cost-effectiveness 
studies were conducted widely.16-18 Some studies have 
explained the benefits of cost-utility and cost-benefit as 
pharmacoeconomic analytical methods.19 However, the 
cost-minimization analysis provides a better selection of 
the low cost same antibiotic regimen for the underlying 
infectious conditions without affecting the treatment 
protocol.20,21 Also, the cost-minimization analysis 
required less personal and can be managed by a clinical 
pharmacist in his routine work. So, in the present study, 
CMA is done to establish the basic cost of restricted 
antibiotics in a tertiary care setting. The total unit cost of 
restricted antibiotics usage analysis in the present study 
population was found to be significantly higher 
(₹.1,15,46,025) when compared to non-restricted 
antibiotic usage. It was also observed that imipenem 
alone consumed a higher cost (₹.29,76,475). Hence, the 
resistance pattern of organisms forced the physician to 
prefer and prescribe a higher class of restricted 
antibiotics. However, in a previous study, it was observed 
that restricting the parenteral antibiotic usage leads to a 
significant decrease in expenditure burden on antibiotics 
by ₹ 1,45,911 (17.31%).22 However, in the present study, 
we have not conducted complete cost minimization and 
cost-utility analysis for all drugs prescribed and total 
treatment costs. We have observed that there was a 
significant preference in the total cost of actually 
prescribed restricted antibiotic drug and lower-cost 
brands available in the market. Also, the role of the 
clinical pharmacist was emphasized to add to bring down 
the irrational prescribing of restricted antibiotics. In 
previous studies were explained the role of clinical 
pharmacists in the hospital antibiotic stewardship and 
ensuring rational, safe, cost-effective treatment outcome 
among patients with infectious diseases.23,24 

CONCLUSION 

The present study evaluated the usage pattern of 
restricted antibiotics and cost minimization analysis and 
there was a strong role of clinical pharmacist needed in 
the selection of appropriate antibiotics to ensure effective 
cost minimization of the antibiotic usage among the 
patients and also emphasized clinical pharmacist plays a 
significant role to ensure rational use of antibiotics. The 
appropriate selection of antibiotics and minimizing the 
burden of the cost of the drugs provide a better outcome 
in patients with infectious conditions.  
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