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Abstract 

Introduction: Surgical site infection (SSI) is the most common post-operative complication and 

represents a significant burden in terms of patient morbidity and mortality, and cost to health services 

around the world. Appropriate antibiotic prophylaxis has been shown to be effective in reducing the 

incidence of surgical site infections as studies suggest that 40-60% of these infections are preventable. 

Aims: To evaluate and compare the utilization pattern of antimicrobial agents (AMA) in surgical 

prophylaxis use in preoperative, intraoperative and post-operative wards of different specialities.  

Settings and Design: It is a cross-sectional observational study conducted patients admitted to surgery, 

orthopaedics, ENT and gynaecology wards in tertiary teaching care hospital. 

Methods and Material: The study duration was from November 2016-November 2018 (2 years).The data 

was collected time to time from all the medical records of the patient. The study protocol was approved by 

the Institutional Ethics Committee. 

Statistical Analysis Used: Data was collected and compiled using Microsoft Excel 2010 and then 

analysed by calculating simple proportions, frequency and percentage of various parameters.  

Results: Out of 386 patients, it was observed that female patients (55.69%) were more than male 

(44.60%) patients. The majority of surgical wounds were clean (39.11%) and most common antimicrobial 

used pre-operatively was metronidazole (29.24%) and in the intraoperative and postoperative period was 

gentamicin (54.28%). Number of DDD for inj.amoxicillin-clavulanic acid 1.2g was 274.4. 

Conclusions: After observing the trend of use of antibiotics, there is a clear need for the development of 

prescribing guidelines and educational initiatives to encourage the appropriate use of antimicrobials in 

surgical period. Also, there is scope for improving prescribing habits among the fraternity and 

minimizing incidence of resistance to antimicrobials. 
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Introduction 

Surgical site infection (SSI) is the most common 

post-operative complication and represents a 

significant burden in terms of patient morbidity 

and mortality, and cost to health services around 

the world. They are the second commonest 
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nosocomial infection accounting for 

approximately one quarter of 2 million hospital 

acquired infections in USA annually
1
. Between 

1.9% and 2.7% of all surgical patients, more than 

500,000 per year, are diagnosed with SSI leading 

to an estimate of 8000 annual deaths
2,3,4,5

. 

Antibiotic consumption in humans is increasing 

globally. The greatest increase between 2000 and 

2010 was in low- and middle-income countries, 

but in general, high-income countries still use 

more antibiotics per capita. Growing economic 

prosperity and rising incomes, as well as 

expanding insurance coverage, have increased 

antibiotic consumption. Inappropriate use of broad 

spectrum antimicrobials leads to decrease in 

sensitivity of antimicrobials against 

microorganisms. With increasing multidrug 

resistance and limited availability of newer agents, 

there is urgent need for vigilant surveillance, 

stringent infection control practices, as well as 

rational antibiotic prescription. 

In India, there are National Treatment guidelines 

for Antimicrobial use in infectious diseases given 

by National Centre for disease Control (NCDC), 

Directorate General of Health Services, Ministry 

of Health & Family Welfare, Government of India 

(2016)
6
 and Treatment Guidelines for 

Antimicrobial Use in Common Syndromes given 

by Indian Council of Medical Research (ICMR), 

Department of Health Research, New Delhi, 

2017
7
. 

Antibiotic prophylaxis can protect the patients 

from post-operative infections by abating the 

bacterial load present within the surgical site at the 

time of operation
8
. Hence, prophylactic antibiotics 

should be administered before giving an incision 

to any intra-operative patient.  

Appropriate antibiotic prophylaxis has been 

shown to be effective in reducing the incidence of 

surgical site infections as studies suggest that 40-

60% of these infections are preventable
9
. Also it 

results in good hospital functioning, which leads 

to increase in patient’s satisfaction, maintains high 

reputation for the hospital, fewer hospitalizations, 

lesser incidence of re-surgeries and re-admissions 

and less cost for care and treatment, as well as 

lesser numbers of claims and compensations
1
. 

Also there are very few studies which describe the 

utilization of drugs postoperatively.  

Therefore, the present study was conducted to 

analyse the rationality and drug utilization patterns 

of antimicrobials in perioperative surgical 

inpatients and to compare with the standard 

treatment guidelines (National treatment 

guidelines for antimicrobials) and also calculate 

the defined daily dosing (DDD) of antimicrobials 

as per WHO ATC-DDD criteria. 

 

Subjects and Methods 

The study was prospective observational 

conducted in indoor patients of various surgical 

departments in Tertiary care teaching institute in 

central India from November 2016-November 

2018 (2 years). The study did not involve any 

interview of the patients admitted. The study 

protocol was approved by the Institutional Ethics 

Committee prior to the commencement of the 

study. The inclusion criteria was patients above 

18years, of either gender, patient undergoing 

major surgeries, patient receiving in-patient care 

in departments of surgery, gynecology, 

orthopedics and ENT, patients having 

comorbidities like diabetes, hypertension, 

malnutrition, COPD, TB, HIV, obesity, smoking 

and alcohol abuse. The exclusion criteria was 

pregnancy and lactation, medico-legal cases, 

patient receiving in-patient care in cardiothoracic, 

ophthalmic, neurosurgical, pediatric surgical, 

obstetrics departments, any patient who dies post-

operatively before being discharged, patient who 

absconded/discharged against medical advice, 

patient referred to other hospitals, incomplete 

data. The data from 386 surgical in-patients was 

collected from their prescriptions & peri-operative 

notes admitted in departments of general surgery 

(4 units, 5 wards- 3 male ward and 2 female ward 

and 1 surgical intensive care unit [SICU]), 

gynecology (3 units and 5 wards), orthopedics (3 

units and 2 wards-one male and one female ward) 

and ENT (2 units and 2 wards- one male and one 
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female ward). The in-charge authority of surgical 

departments was notified and permission was 

taken. 

Demographic analysis of data was done. Data was 

analysed according to classification of wound by 

CDC (Centers for Disease Control and 

Prevention) into clean, clean-contaminated, 

contaminated and dirty surgical wounds
10

 and as 

per type of surgery into abdominal, gynecology, 

head and neck, musculoskeletal etc. 

Following parameters like WHO prescribing 

indicators
11

, most common AMA used in clean, 

clean-contaminated, contaminated and dirty 

surgical wounds, percentage of AMAs used as 

generic drugs, branded drugs, fixed dose 

combinations (FDCs) and DCGI (Drug Controller 

General of India) approved FDCs and route of 

administration of AMAs used peri-operatively 

were also included. 

To measure the degree to which practices adhere 

to rational therapy as well as standard treatment 

guidelines, percentage of AMA prescribed from 

an essential medicine list (EML) or National list 

of essential medicine (NLEM) was calculated with 

following formula. 

 

 

 

 

 

From the prescription data of commonly 

prescribed groups of  drugs, the amounts of drugs 

consumed were converted into the number of 

DDD as per the 2010 version of ATC/DDD 

index
12

. 

 

 

 

 

 

 

Comparison with standard treatment guidelines 

such as National treatment guidelines for of 

antimicrobial use in infectious diseases by NCDC
6
 

and Treatment Guidelines for Antimicrobial Use 

in Common Syndromes by ICMR
7
were also 

included. 

 

Statistical Analysis 

Data was collected and compiled using Microsoft 

Excel 2010 and then analysed by calculating 

simple proportions, frequency and percentage of 

various parameters. Suitable graphs, charts and 

photographs were added. A brief interpretation 

was included in the results below every table. 

Sample Size was calculated by using software 

Open Epi, Version 3, an open source calculator 

and was 386 considering population size (N) that 

is the total number of major operations done in 

surgical OT, gynecology OT, ENT OT and 

orthopedics OT for last one year i.e. from 

February 2016 to February 2017 as 3971 and 

prevalence as 50%. 

 

Results 

In our study, 386 patients were followed up till the 

postoperative period. It was observed that female 

to male ratio of 1.21 as shown in Figure 1. The 

age-wise distribution of data was categorized in 

Figure 2. 

 

 

 

 

 

Percentage calculated (%) = No. of products prescribed which are in essential drug list x 100 

                                                                 Total number of drugs prescribed 

No of DDD = No. of items issued × Amount of the drug per item 

WHO recommended DDD of drug 
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Figure 1 Gender-wise distribution of data 

 
 

Figure 2 Age-wise distribution of data 

 
 

In figure 3, department-wise distribution of data is shown. Four departments were involved in the study with 

majority of cases from general surgery department (43%). 

Figure 3 Department-wise distribution of data 

 
 

The data was analysed according to the type of surgical wound as shown in Table 1. 

Table 1  Classification of surgical wound 

Classification of surgical wound (n=386) 

Type of surgical wound No of patients Percentage of patients (%) 

1- clean 151 39.11 

2- clean-contaminated 120 31.08 

3- contaminated 75 19.43 

4- dirty 40 10.36 

 

The common surgeries associated with clean 

surgical wound were operations of head and neck 

surgeries like tonsillectomy, modified radical 

mastoidectomy and musculoskeletal surgeries like 

0% 20% 40% 60% 80% 100% 

44,60% 55,69% 
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fracture fixations or arthroplasties, hernia repair 

surgeries. Clean-contaminated surgical wounds 

included operations like gynaecological operative 

procedures such as myomectomies, 

hysteroscopies, hysterectomies etc; urological 

surgeries such as lithotripsy, pylotithotomy, 

nephrectomy. Contaminated surgical wounds 

comprised of rectal surgeries like 

haemorrhoidectomies, fistulectomies and 

abdominal surgeries. Dirty surgical wounds 

included exploratory laparotomy for intra-

abdominal abscess or perforation peritonitis and 

scrotal surgeries like chylocoele or pyocoele. 

As shown in Table 2; majority of study cases were 

of abdominal surgery with 24.61%, followed by 

gynecology surgery with 22.79% and head and 

neck surgeries with 20.46%. 

 

Table 2 Type of surgery 

Type of surgery (n=386) 

Type of surgery No of patients Percentage of patients (%) 

Abdominal surgery 95 24.61 

Gynecology surgery 88 22.79 

Head and neck surgery 79 20.46 

Musculoskeletal surgery 54 13.98 

Rectal surgery 26 6.73 

Hernia repair surgery 18 4.66 

Scrotal surgery 12 3.10 

Urological surgery 10 2.59 

Breast surgery 4 1.03 

 

On evaluation of WHO prescribing parameters it 

was seen that the average number of AMA 

prescribed per prescription was 1.8 as shown in 

Table 3. 

 

Table 3 WHO prescribing parameters 

Total drugs prescribed 3059 

Percentage of AMA used by generic 

name/prescription 

79.56% 

Average number of drugs/prescription 4.854922 

Average number of AMA/prescription 1.8 

Percentage of AMA prescribed for 

Intravenous route 

81.09% 

Percentage of AMA prescribed from 

Essential medicine list (EML) 

97.14% 

Percentage of AMA prescribed from National 

list of essential medicine (NLEM) 

90.64% 

Average duration of SICU stay 5.26 

Average duration of hospital stay 11.36 

                                                     AMA – Antimicrobials 

 

The total antimicrobials prescribed at pre-

operative, intra-operative and post-operative stage 

were 660, 35 and 844 respectively. Most common 

AMA used pre-operatively, intraoperatively and 

postoperatively was metronidazole (29.24%), 

gentamicin (54.28%) and metronidazole (26.52%) 

respectively. Apart from amoxicillin-clavulanic 

acid, other fixed dose combinations seen were 

Piperacillin +Tazobactum 2.25g and 4.5g, 

Ampicillin 1g+ Sulbactam 0.5g as shown in Table 

4. 
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Table 4 AMA prescribed during peri-operative period 

AMA prescribed at preoperative stage (n=660) 

AMA No of antibiotics 

prescribed 

Percentage of antibiotics 

prescribed (%) 

*Cap.amoxicillin-clavulanic acid 625mg 38 5.75 

inj.amikacin1g 17 2.57 

inj.amikacin500mg 14 2.12 

*inj.Augmentin (amoxicillin/clavulanic acid) 1.2g 104 15.75 

*inj.ampicillin 1g+ sulbactam 0.5g 4 0.60 

inj.cefotaxime 1g 47 7.12 

inj.ceftriaxone 1g 137 20.75 

inj.ciprofloxacin 200mg 14 2.12 

inj.gentamicin 80mg 38 5.75 

inj.levofloxacin 500mg 4 0.60 

inj.meropenem 1g 22 3.33 

inj.metronidazole 100mg 24 3.63 

inj.metronidazole 250mg 18 2.72 

inj.metronidazole 500mg 147 22.27 

inj.ofloxacin 200 mg 4 0.60 

*inj.piptaz (piperacillin/tazobactam) 4.5g 4 0.60 

moxifloxacin drops 0.5% 8 1.21 

T.cefixime 200mg 4 0.60 

T.metronidazole 500 mg 4 0.60 

T.albendazole 400mg 4 0.60 

T.moxifloxacin 400 mg 4 0.60 

AMA prescribed at intra-operative stage (n=35) 

inj.cefotaxime 1g 8 22.85 

inj.ceftriaxone 1g 8 22.85 

inj.gentamicin 80mg 19 54.28 

AMA prescribed at postperative stage (n=841) 

*Cap.amoxicillin-clavulanic acid 625mg 39 4.6 

inj.amikacin 500mg 19 2.25 

inj.amikacin1g 11 1.32 

*inj.Augmentin (amoxicillin/clavulanic acid) 1.2g 138 16.56 

*inj.ampicillin 1g+ sulbactam 0.5g 4 0.48 

inj.cefotaxime 1g 54 6.48 

inj.ceftriaxone 1g 157 18.84 

inj.ciprofloxacin 100mg 20 2.4 

inj.ciprofloxacin 500mg 3 0.36 

inj.ciprofloxacin 200mg 8 0.96 

inj.gentamicin 80mg 57 6.84 

inj.levofloxacin 750mg 3 0.36 

inj.levofloxacin 500mg 8 0.96 

inj.meropenem 1g 25 3 

inj.metronidazole 100mg 40 4.8 

inj.metronidazole 250mg 20 2.4 

inj.metronidazole 500mg 161 19.32 

inj.ofloxacin 200 mg 4 0.48 

*inj.piptaz (piperacillin/tazobactam) 4.5g 34 4.04 

inj. teicoplanin 400mg 8 0.96 

moxifloxacin drops 0.5% 8 0.96 

T.ciprofloxacin 500mg 8 0.96 

T.doxycycline 100 mg 4 0.48 

T.moxifloxacin 400 mg 4 0.48 
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Figure 4 AMA used in clean surgical wounds 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 AMA used in clean contaminated surgical wounds 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 AMA used in contaminated surgical wound 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 AMA used in dirty surgical wounds 
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Maximum number of drugs were prescribed by 

generic name (79.89%). 13.76% of drugs were 

fixed dose combinations as shown in table 5. 

Table 5  Use of generic drugs, branded drugs & fixed dose combinations 

Use of generic drugs, branded drugs & fixed dose combinations (n=3059) 

Drugs  Number Percentage (%) 

Generic drugs 2444 79.89 

Branded drugs 615 20.10 

Fixed dose combinations 421 13.76 

FDC approved by DCGI 338 80.28 

FDC approved by WHO 318 75.53 

                                      FDC- Fixed dose combinations, DCGI- Drug Controller General of India. 

 

Maximum study medications were prescribed by intravenous route in peri-operative period (81.03%) as 

shown in Figure 8. 

Figure 8 Routes of administration of AMAs used peri-operatively 

 
 

For the common 3 AMAs used in the perioperative period, ATC code has been mentioned and number of 

DDD calculated as shown in Table 6. 

Table 6 -ATC-DDD classification 

DRUG  ATC CODE WHO recommended DDD No. of DDD 

Inj amoxicillin with clavulanic 

acid(1.2g) 

J01CR02 3 g 274.4 

Inj ceftriaxone(1g)  J01DD04 2 g 528 

Inj.metronidazole (500 mg) J01XD01 1.5 g 325.3 

 

Discussion 

In this study, the patients were admitted for 

various diagnosis like acute appendicitis, acute 

cholecystitis, acute tonsillitis, uterine myomas, 

dysfunctional uterine bleeding, fractures, 

osteoarthritis etc. According to demographic data, 

male to female ratio is 0.82 as oppose to Akter SF 

et al where it was 1.81
13

. This is due to inclusion 

of cases operated in department of gynecology. 

The average age was 41.84 years and the most 

common age group was middle aged adults (36-

55years) with 49%. This finding of our study is in 

consistent with study by Sharma and Goel where 

the mean age was 45.33 ± 19.01 years
14

. Similar 

results were also seen in the Bhataia et al
15

 and 

Khan M L et al
16

 study. This is the usual trend as 

this is the productive age group and is actively 

involved in socioeconomic activities, which may 

lead to stress and age factor making them 
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vulnerable to diseases that may need surgical 

interventions
15

. 

Maximum number of cases were taken from 

wards of general surgery department (43%) 

followed by gynaecology (14%) department. This 

finding was similar to study by Alemkere G were 

participants from general surgery were 60.1% 

followed by gynaecology cases with 24.8%
17

. 

Also, SG kamath et al noted a same finding with 

32.47% of cases from general surgery 

department
18

.However in study by Rehan HS et al, 

most patients were admitted under General 

surgery department (30%) followed by 

orthopedics department (26%)
19

.  

As per the CDC classification of surgical wounds, 

it was observed in our study that clean surgeries 

were the dominating ones with 39.11%. Similar 

finding was noted in the study by Sozen H et al 

(n=340) on perioperative antibiotic prophylaxis. 

They noted that clean surgeries were 31.8%
20

. 

This might be because majority of cases were of 

hernia repair surgeries (hernioplasty), modified 

radical mastoidectomies, open reduction and 

internal fixations of fractures with nail or plate or 

pins or screws, total hip and knee arthroplasties, 

hemiarthroplasties, tonsillectomies and modified 

radical mastectomies which belonged to clean 

surgeries. 

In our study, most common surgeries were 

abdominal surgeries with 24.61%. This finding 

was not consistent with Patel DJ et al where they 

found out that commonest surgeries were 

urological procedures (30.5%) and abdominal 

surgeries were only 18.5%(37cases)
21

. Many cases 

of abdominal surgeries like exploratory 

laparotomies, laparoscopic appendectomies, 

laparoscopic cholecystectomies were observed in 

our study. 

Majority of AMA were prescribed by generic 

name (79.56%). This finding is consistent with 

Bhataia et al where 5627 total medicine 

formulations were studied and 98.51% (5534) 

were found out to be prescribed by official/generic 

names
15

. Percentage of drugs prescribed by 

generic name according to the WHO standard 

should be 100%. Increasing generic prescribing 

would rationalize the use and reduce the cost of 

drugs. It also reduces confusion while 

prescribing
22

. Average number of AMA/ 

prescription in our study was 1.8. All patients 

received an antimicrobial drug at one time or the 

other. This is similar to Bhansali et al
23

and Kumar 

R et al
24

 study But this is much higher than the 

other Indian studies which reports the use of AMA 

in 20% to 67% of the patients only
15,23

. Similar 

studies abroad indicate a range of 20% to 42% of 

patients receiving antimicrobial drugs
25

. The 

higher number of AMA per patient indicates that 

more and more antimicrobial were used for 

prophylaxis purpose rather than definitive 

treatment purpose and that they are used blanket 

therapy to prevent any or all types of infection. 

The percentage of AMAs prescribed from 

National list of essential medicine (NLEM) were 

90.64%. This finding was consistent with essential 

drug list of our hospital. 

Overall the most common AMAs used peri-

operatively was metronidazole in our study. Also 

the most common antimicrobial used pre-

operatively in our study was metronidazole 

followed by ceftriaxone with and amoxicillin-

clavulanic acid. Similarly in Agrawal et al study, 

metronidazole topped the list
26

. Metronidazole is 

used predominantly to cover up for all the 

anaerobic infections
25

. In our study, all patients 

were given preoperative prophylactic 

antimicrobial which was similar to study done in 

Kerala
27

 and Ahemadabad
28

. 

Though in our study third generation 

cephalosporins were most commonly used for 

surgical prophylaxis, recent guidelines 

recommend the use of first generation 

cephalosporins as surgical antibiotic 

prophylaxis
29,30

. First-generation cephalosporins 

particularly cefazolin are the most suitable agents 

for surgical prophylaxis due to their spectrum that 

includes Staphylococcus species and gram-

negative bacilli along with desirable 

pharmacokinetic characteristics, ease of 

administration and low cost. But local resistance 
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pattern, surgeon’s own experience at hospital 

setting and availability of AMAs in our own 

government medical store might influence the 

choice of anti-microbial. 

In our study amoxicillin and clavulanic acid found 

to have used in 44.7%, 54.4% and 50% of clean, 

clean contaminated and dirty surgical wounds 

respectively. The high rate of infection with 

amoxicillin and clavulanic acid in our study 

demonstrates need for updating the β-lactam 

inhibitor combinations as prophylaxis in 

surgery
31

. But in Chandrasekaran et al study 

cefuroxime was used in 68.42% of clean surgical 

wounds, cefaperazone/sulbactum was most 

frequently used as 27.08% in clean-contaminated 

and 26.77% of contaminated cases as single dose 

administration of first and second generation 

cephalosporin is sufficient for optimal prevention 

of surgical site infections in absence of high rate 

of resistance
31

. Dirty wounds and 

Clean‑ contaminated wounds have more chances 

of getting infected as compared to clean wounds 

and contaminated ones have the highest rate of 

infection
29

. Hence it was seen that more number 

of AMAs were used in dirty and clean -

contaminated wounds. 

Very few prescriptions were based on laboratory 

culture sensitivity reports. According to ICMR 

guidelines, in culture confirmed cases of SSI, 

antimicrobials should be based on Lab AST 

reports
7
. Also prescription of antibiotics without 

evidence of culture and sensitivity tests is another 

major problem that results in poor patient 

compliance. Strict antibiotic prescription policies 

have to be developed and target must be aimed to 

minimize the incidence of resistance to 

antimicrobial agents and also to promote infection 

control practices and rational antibiotic 

utilization
32

. 

80.28% and 75.53% of FDCs prescribed in our 

study were approved by DCGI and WHO 

respectively. This indicates the rational 

prescribing pattern. 

In table 6, ATC-DDD classification of 3 most 

common AMAs. The DDD is the assumed 

average maintenance dose per day for a drug used 

for its main indication in adults. The DDD does 

not necessarily reflect the recommended or actual 

dose used
33

.The objective of ATC/DDD system is 

to serve as tool for drug utilization research, to 

favor improvement in drug use
34

. 

The AMA use in our study does not align with the 

national guidelines for surgical prophylaxis and as 

the preference in the use of antimicrobials was due 

to availability of free drugs from hospital supply 

and hospital standard operating procedures. 

Selection of antimicrobial agent is done taking 

into consideration various aspects like site of 

surgery, spectrum and pharmacokinetic profile. 

No universal surgical antimicrobial prophylaxis 

guideline can be implemented basis solely on the 

type of surgical wound as the occurrence of SSIs 

is also influenced by other factors such as site and 

length of the procedure, overall health of the 

patient, i.e., glucose levels, weight of the patients, 

etc
30

. The guidelines for prophylaxis are based on 

the evidence obtained from controlled clinical 

trials. These guidelines encourage the utilization 

of older narrow spectrum antimicrobials
35

. 

 

Limitations of the study 

The limitations of the current study include the 

involvement of small number of patients which 

did not give complete overview among the 

different departments. Further studies involving 

different departments encompassing super-

speciality and oncology surgical patients should 

be established. 

 

Conclusion 

The present study illustrates the pattern and type 

of antimicrobial use in surgical departments of 

tertiary care hospital. It also highlights the use of 

drugs by generic name, use of drugs from the 

NLEM and EML with metronidazole being the 

most commonly used antimicrobial. There is lack 

of alignment in drug use when we compare with 

national guidelines. After observing the trend of 

use of antimicrobials, there is a clear need for the 

development of prescribing guidelines and 
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educational initiatives to encourage the 

appropriate use of antimicrobials and analgesics in 

surgical period. Also, there is scope for improving 

prescribing habits among the fraternity and 

minimizing incidence of resistance to 

antimicrobials. A periodic survey by hospital 

infection control committee is essential. 

Awareness regarding antimicrobial resistance, 

timing and duration of surgical antimicrobial 

prophylaxis, optimal post-operative pain 

management should be imparted to all the 

prescribers. 
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