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ABSTRACT 

 
Surgical antibiotic prophylaxis plays an extremely vital role in reducing in-hospital mortality. There are 

very few studies or data in India that document the drug utilization and prescription patterns of antibiotic 
prophylaxis in cardiothoracic surgery. A prospective cross-sectional study was done for 2 months in the 
cardiothoracic surgery department of a tertiary care hospital to evaluate the drug utilization pattern of 
antibiotics in patients undergoing cardiothoracic surgery. The prescription data of 50 patients was analysed in 
this study.The prescription of antibiotics was as such: the primary prophylactic antimicrobial agents were 
always given in combination. Post-operatively, these agents were prescribed for 48-72 hours (Period A) 
followed by a different antibiotic regimen in Period B which lasted for an average of 4.84 days. Third 
generation cephalosporins(46%)were the most commonly prescribed followed by Fluoroquinolones (33%) and 
Aminoglycosides (13%).Multiple drug combinations and prolonged antibiotic therapy were the norms in all the 
cases analysed, with antibiotic prophylaxis lasting upto 5-7 days. In-hospital strategies and local guidelines 
must be developed to facilitate a more rational prescription of antibiotics in cardiac surgery.   
Keywords: antibiotic prophylaxis, aminoglycosides, fluoroquinolones, parenteral antibiotics, prolonged 
antibiotic therapy, third generation cephalosporins. 
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INTRODUCTION 
 

Surgical Antibiotic Prophylaxis (SAP) plays an extremely vital role in reducing in-hospital 
mortality.[49]While most surgical departments have a fixed regimen for antimicrobial prophylaxis, wide 
variations in practice patterns is prevalent in cardiac surgery. [9]Cardiac surgeries differ from other surgical 
procedures by the use of the cardio-pulmonary bypass. Cardio-pulmonary bypass has been found to 
compromise humoral immunity, activate white blood cells, and reduce phagocytosis, a possible mechanism for 
the pre-disposition of cardiac surgery patients to infectious complications.[45] Systemic hypothermia and the 
longer duration of surgery in cardiac patients increase the risk of surgical-siteinfection (SSI).[46]Added to this 
that most  patients enrolled for cardiac surgery today are of an older age group and have many associated co-
morbid conditions like obesity and diabetes mellitus, the risk factors for post-operative nosocomial infections 
are also higher.[42, 44] 
 

Infectious complications are associated with high morbidity, mortality and economic burden. One 
common approach has been a long duration of antibiotic prophylaxis, lasting several postoperative days, until 
all the chest tubes and lines are removed.[18]However, prolonged antibiotic prophylaxis poses the risk of drug 
side effects, super infection with Clostridium difficile, [38] and the development of resistant bacterial strains. 
Of these complications, the most significant is the issue of increasing development of resistant bacterial 
strains, which prolongs hospitalization, and increases mortality and economic burden.[41,47]The rational use 
of antibiotics has assumed importance, especially in the light of increasing reports of antimicrobial resistance. 
Guidelines for Surgical Antimicrobial Prophylaxis (SAP) in cardiothoracic surgery has hence been laid down by 
the Society of Thoracic Surgeons (STS) for choice of antibiotics, duration of dosage and time of first 
dosage.[1,2]But, recent meta-analyses show that the most applicable regimen still remains open to debate 
among clinical practitioners.[27, 50] 
 

In the Indian context, studies have shown that the incidence of SSI in cardiac surgery is between 5% 
and 19%. [36, 37]Since the mortality associated with those acquiring a major infection post-operatively is 
much higher than those who don’t acquire any infection, [42]the antimicrobial regimen adopted assumes 
special importance. There are very few studies or data in India that document the drug utilization and 
prescription patterns of antibiotic in cardiothoracic surgery. Our study aims to evaluate the prescribing pattern 
of antibiotics in pre-operative, intra-operative and post-operative conditions in the cardiothoracic surgery 
department of a tertiary care hospital. 
 

MATERIALS AND METHODS 
 
Study design 
 
Prospective, observational, cross sectional study. 
 

The study was done for 2 months in the cardiothoracic surgery department of a tertiary care 
hospitalafter getting approval from the institutional ethical committee.Patients’ prescription details were 
obtained and the details entered in the structured patient profile formafter obtaining verbal informed consent 
from them. 
 
Inclusion criteria: 
 

All adult patients who were admitted for undergoing surgery in the cardiothoracic surgery 
department during the study period were included in this study. 
 
Exclusion criteria: 
 

Patients below 18 years of age,those who were continued on prescription from another 
hospital,patients who were re-admitted for a repeat procedure andthose who were diagnosed with HIV 
infection and Tuberculosis were excluded from the study. 
 
The collected data was subjected to analysis for: 

1) Demographic indicators-Age and Sex  
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2) Surgical Procedure for which patient was admitted 
3) Average number of Drugs/Prescription 
4) % of utilization of Different Classes of antibiotics (as per ATC Classification) 
5) Antibiotics prescribed per prescription 
6) Percentage of fixed dose combinations prescribed- determined by dividing the number of fixed dose 

combinations prescribed by the total number of drugs prescribed, multiplied by 100. 
7) Defined Daily Dose (DDD) of the prescribed antibiotics per 100 bed days. 
8) The time of first dosage. 
9) Duration of antibiotic prophylaxis. 

 
The antibiotics were classified using the anatomical therapeutic chemical (ATC) Classification System 

and drug utilization was measured as DDD/100 bed-days, as per WHO recommendations for drug utilization 
studies.In the ATC classification system, the drugs are divided into different groups according to the organ or 
system on which they act and their chemical, pharmacological and therapeutic properties. The DDD is the 
assumed average maintenance dose per day for a drug used for its main indication in adults. Only drugs with 
an ATC Code can have DDD values. The DDD value in grams of every drug is defined by the WHO and is 
periodically updated. DDD value of each antibiotic was calculated separately. 
 
 
DDD= (Number of boxes x Number of tablets in the box or number of vials x Tablets in grams or weight of the 
vial)/ DDD Value of Antibiotic (in grams). 
 

In this calculation method, the form used for in-bed patients is the ratio of the total DDD per 100 bed 
days. The index is called the Antimicrobial Consumption Index (ACI). 

 
ACI=DDD/bed−days×100 

 
The ABC DDD Calculator (Antimicrobial Consumption Calculator) Version 3.1 developed for the 

European Society of Clinical Microbiology and Infectious Diseases (ESCMID) was used to calculate the drug 
consumption rates as meaningful DDD’s from hospital pharmaceutical terms. Though the version uses the ATC 
Classification 2006, it was cross-referenced for changes with the ATC Classification (2013). 
 
Statistical Analysis: 
 

A descriptive statistical analysis was carried out on the data obtained from the study. 
 

 The results on the continuous measurements wereanalysed and depicted as  
Mean ± S. D 

 The results on the categorical data wereanalysed and presented as percentage (%) 

 The Chi-Square/ Fischer Exact Test was used to determine the significance of study 
parameters on the categorical scale between two or more groups. 

 Microsoft Office Excel 2007 and IBM SPSS Statistical Package Version 22.0were used to 
compute and calculate the data. 

 
RESULTS 

 
The prescriptions of 50 patients who underwent cardiac surgery between July and August 2013 were 

analysed after the application of inclusion and exclusion criteria mentioned above. 
 

58% were male (n=29) and 42% were female (n=21)patients. The mean age of the patients was 46.98 
(± S.D 12.52343). 
 

The surgical procedures they were admitted for were analysed and depicted in [Figure 1].48% (n=24) 
of the patients were admitted to undergo Coronary Arterial Bypass Graft (CABG) and 42% (n=21) were 
admitted for various valve replacement procedures. 
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Figure 1: Type of surgical procedure 

 
On analyzing the co-morbid factors, the average stay in the hospital was found to be 17.08 days 

(±S.D= 4.303961).  
 
Primary Prophylactic Therapy 
 

It was observed that the general practice was to combine 2 antimicrobial agents for surgical 
prophylaxis (consistent with all 50 cases analysed). The choice of antibiotic combinations employed is depicted 
in [Figure 2]. A third generation cephalosporin (cefotaxime or cefoperazone) was combined with either an 
aminoglycoside (amikacin) or a fluoroquinolone (ofloxacin). 

 

 
 

Figure 2: Choice of antibiotic combinations for surgical prophylaxis 
 

Table 1: Antibiotics for surgical prophylaxis 
 

ATC LEVEL ATC CLASS PERCENTAGE OF UTILIZATION 

J01DD Third Generation Cephalosporins 46% 

J01MA Fluoroquinolones 33% 

J01GB Aminoglycosides 13% 

J01DH Carbapenems 3% 

J01CR Beta Lactam Antibiotics 3% 

J01XA Glycopeptide Antibiotics 1% 

J01XD Imidazole Group Antibiotics 1% 
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The percentage of utilization of different classes of antibiotics for surgical prophylaxis is depicted in 
[Table 1]. Third generation cephalosporins (ATC Level J01DD) were the most commonly prescribed (46%) 
followed by Fluoroquinolones (33%) and Aminoglycosides (13%). It is noteworthy that the usage of 
Glycopeptide Antibiotics (ATC Level J01XA) was very low at 1%. 

 
In all the cases (n=50), the time of first dosage was 60 minutes before first skin incision. This was 

uniform across all the different classes of antibiotics. 
 

Intra-operatively, no antibiotics were prescribed for any of the patients. The initial prophylactic 
dosage was not repeated in any of the 50 surgeries.  
 
Prolonged Antibiotic Therapy 
 
All 50 cases studied showed prolongation of the antibiotic prophylaxis.  
 

The duration of antibiotic administration was studied by dividing the post-operative period into two: 
Period A till the discontinuation of the primary prophylactic agents in 48-72 hours, and Period B in which the 
prophylactic course was continued for an average period of 4.84 days (±1.03726).  
 

The initial primary prophylactic antibiotics in Period A were prescribed for a period of 48 hours in 50% 
(n=25), 72 hours in 40% (n=20) and 96 hours in 10% (n=5). The route of administration was intravenous for all 
the antibiotics prescribed. The choice of antibiotics in Period B forprolonged prophylaxis was analysed and 
results are depicted in [Figure 3]. 

 

 
 

Figure 3: Antibiotics for postoperative prophylaxis 

 
Of these 85% were administered orally and the remaining parenterally. [Table 2] 

 
Table 2: Route of administration 

 

ROUTE OF ADMINISTRATION PERCENTAGE 

Oral 85% 

Intra Venous 14% 

Intra Muscular 1% 
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The overall utilization of antibiotics in the surgical prophylaxis of these patients was analysed using 
the ATC-DDD Method. The results are depicted in [Table 3]. 

 
Table 3: Antibiotics utilized for cardiothoracic surgery 

 

ATC CODE NAME OF ANTIBIOTIC No. of Grams No. of DDD’s DDD/100 Bed Days 

J01C: Beta-Lactam Antibiotics and Penicillins                                                                          16.0 

J01CR02 Augmentin (Amoxicillin 
+Clavulanic Acid) 

120 120 14.6 

J01CR05 Piperacillin + 
Tazobactam 

171 12.2 1.5 

J01D: Cephalosporins, Monobactams and Carbapenems                                                        39.0 

J01DB First Generation 
Cephalosporins 

117 58.5 7.1 

J01DC Second Generation 
Cephalosporins 

90 180 21.8 

J01DD Third Generation 
Cephalosporins 

274 68.5 8.3 

J01GB: Aminoglycoside Antibacterials                                                                                        1.9 

J01GB06 Amikacin 16 16 1.9 

J01MA: Fluoroquinolones                                                                                                            20.4 

J01MA01 Ofloxacin (Oral) 24.8 62 7.524 

J01MA01 Ofloxacin (Parenteral) 35.2 88 10.680 

J01MA02 Ciprofloxacin 8 8 0.971 

J01MA12 Levofloxacin 5.0 10.0 1.214 

J01XA: Glycopeptide Antibiotics                                                                                                    0.8 

J01XA01 Vancomycin 5.4 2.7 0.328 

J01XA02 Teicoplanin 1.6 4.0 0.485 

J01XD: Imidazole Antibiotics                                                                                                          0.5 

J01XD01 Metronidazole 6.0 4.0 0.5 

 TOTAL 908 652.9 79.2 

 
A total of 367 drugs were prescribed pre-operatively, of which 2% (ie 6 drugs) were antibiotics 

prescribed for therapeutic purposes (oral surgery in 4 cases and Urinary Tract Infection in 2 cases)[Table 4]. So, 
no prophylactic dosage was initiated pre-operatively except the single dose before skin incision. 

 
Table 4: Preoperative prescription of drugs 

 

DRUG Total Number Average Number Per 
Prescription 

Percentage 

Antibiotics 6 0.12 2% 

Analgesics 46 0.92 13% 

Proton Pump Inhibitors 50 1 14% 

Anti Coagulants 49 0.98 13% 

Diuretics 30 0.6 8% 

*Regular Medications 186 3.72 51% 

*Regular Medications include Anti-Hypertensives, Drugs for Diabetes Mellitus, Angina Pectoris, 
etc. which the patient consumes regularly. 

 
Post-operatively, a total of 673 drugs were prescribed. Of these 152 antibiotics were prescribed at an 

average of 3.04 antibiotics per prescription (±S. D 0.92494), accounting for 23% of all the drugs prescribed in 
the post-operative period.[Figure 4]. 
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Figure 4: Commonly prescribed drugs in postoperative period 

 
The influence of various co-morbid factors affecting the number of antibiotics prescribed in the post-

operative period was analysed. Co-morbid factors include elderly age, female gender, increased number of bed 
days and diabetes mellitus. The effect of surgical procedure on number of antibiotics prescribed was also 
studied.  More than 2 antibiotics in the post-operative period was prescribed to 84% (21) of those with more 
than 17 bed days,  76% (16) of the diabetic patients as well as 76%(16)  of females admitted and 71% (22) of 
the elderly patients (calculated as those aged 45 and more). A Univariate analysis was performed to check if 
any of these factors influenced the number of antibiotics and the results are tabulated in [Table 5]. 

 
Table 5: Univariate Analysis of the factors affecting the number of Antibiotics prescribed in patients 

 

Variable <3  Antibiotics 
N=13 

≥3 Antibiotics 
N=37 

 

p Value 

Age 
≥45/<45 

9/4 22/15 
0.036401 

Gender Male/Female 8/5 21/16 0.08822 

Bed Days 
≥17/<17 

4/9 21/16 
0.403105 

Diabetic 
Yes/No 

5/8 16/21 
0.08822 

Surgical Procedure 
(CABG/Valve 
Procedures) 

6/7 18/14 

0.179375 

Hypertension Yes/No 4/9 8/29 0.002022 

 
DISCUSSION 

 
In the present study, the prescription pattern of the different classes of antibiotics was analysed in a 

tertiary care hospital. 
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There was no mortality due to any cause during the period of study. The rate of infection was at 1% 
with regards to the patients in the study (2 patients enrolled in the study went on to develop infectious 
complications). 
 
Choice of Antibiotics 
 

The prescription of antibiotics was as such: the primary prophylactic antimicrobial agents were always 
given in combination (consistent in all 50 cases). Post-operatively, these agents were prescribed for 48-72 
hours (designated in our results for convenience as Period A) followed by a different antibiotic regimen in 
Period B which lasted for an average of 4.84 days (±1.03726).  
 

The most popular antibiotics overall by ATC Class are Second generation Cephalosporins (DDD=21.8, 
usually oral Cefuroxime axetil), Fluoroquinolones (DDD=20.4, most commonly Ofloxacin), followed by Fixed 
Dose Combinations of Penicillinsand Beta Lactamase inhibitors (Augmentin: Amoxicillin + Clavulanic Acid, 
DDD= 14.6). The predominant use of fixed dose combinations is not a good indicator of rational drug 
utilization. 
 

Guidelines that regulate antibiotic prescription in cardiac surgery, including the Society of Thoracic 
Surgeons (STS) and the American Heart Association (AHA) advocate the utilization of first generation 
cephalosporins, usually cephazolin, instead of second and third generation cephalosporins. [1,3] While the 
prescription of second and third generation cephalosporins may be perceived as not being according to the 
guidelines, a recent meta-analysis by Ladoret al concluded that second and third generation cephalosporins 
were as efficacious as first-generation cephalosporins with regard to SSI prevention, and resulted in a lower 
rate of post-operative pneumonia and lower all-cause mortality. [26]Silveret al showed that newer 
cephalosporins are more prone to cause antimicrobial resistance and have lesser activity than first generation 
drugs against Staphylococcus organisms. [32]Englemanet al advocated the first generation cephalosporins as 
there is no conclusive evidence that second and third generation cephalosporins are more efficacious than the 
earlier ones in case of SSIs, and considering the economic burden caused by the later cephalosporins. 
However, the reduction in mortality observed by Ladoret al was probably related to the effect on pneumonia. 
Rates of pneumonia in these studies were correlated with mortality and previous studies have shown that 
post-operative pneumonia and ventilator-associated pneumonia (VAP) are strong and significant predictors for 
death following cardiac surgery, and are not rare events. [28-30]Antibiotic prophylaxis in the critical care 
setting, even short-duration selective decontamination regimens, results in decreased rates of pneumonia and 
mortality. [31] Hence, the choice of newer cephalosporins may be justified by the incidence of pneumonia 
frequently in the ICU setting, however, it was beyond the scope of this study. Further documentation of 
evidence with regards to comparison among cephalosporins is necessary.

 

 
It was observed that the prophylactic antibiotics are prescribed in combinations in all the 50 cases 

included in the study, usually a second or third generation cephalosporin with an aminoglycoside or a 
fluoroquinolone. There was no valid clinical or microbiological data available to justify the use of these 
antibiotics in combination. Englemanet al (Society of Thoracic Surgeons Recommendations) allow the addition 
of an agent that acts on Gram negative species, but only in the presence of established hospital microbiological 
data. [1] As there was no clear record of localized gram negative infections in the hospital, nor were there any 
reports that indicated their absence, further collection of microbiological evidence is recommended in the 
cardiothoracic ICU and other ICU’s in the hospital. 
 

The use of multiple drugs has been reported in studies conducted in Jordan [23] and Australia as well. 
The Australian study showed prescription of multiple drugs in 58% of cases, and prescription of vancomycin in 
68% of cases. [39]However, in the present study, the percentage of prescription of glycopeptides is quite low 
at 1%. A study conducted in the UK showed that the general practice in present times is to lean towards 
prescription of glycopeptides in the face of cephalosporin resistance and βLactam allergy. [40] 
 
Time of First Dosage 
 

All the antibiotics were administered 1 hour before skin incision. This is in 100% adherence with the 
guidelines set forward in the Society of Thoracic Surgeons report by Englemanet al. [2, 27]The importance of 
the timely administration of pre-operative antibiotics is well established and is broadly applicable to all 
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procedures for which prophylactic antibiotics are administered. It has been suggested that antimicrobial 
selection is a moot point if the agent is not delivered during the optimal 30-60 minute window just before 
incision [2] and that the beneficial effect is negated if the drug is given after incision. [3] 
 
Duration of Antimicrobial Prophylaxis 
 

Use of antibiotics for longer than the recommended period, especially in the absence of any evidence 
of secondary infection or SSI until the day of discharge in an attempt to preventinfection while patients were 
hospitalized, was observed in 98% of the study patients and has also been reported by some other researchers 
in other studies. [23, 33-35]A change in antibiotics course, with the initial prophylactic antibiotic discontinued, 
and replaced by other antimicrobial agents was also observed. This led to an average of 3.04 antibiotics per 
prescription. There has been a general move towards the use of shorter courses of antibiotics for surgical 
prophylaxis in order to reduce toxicity, selection of resistant organisms, Clostridium difficileinfection and cost. 
[3]Prolonged antibiotic therapy, while not affecting the infection rates, can lead to development of highly 
resistant strains and put an unwarranted economic burden on the patient, apart from highly affecting 
morbidity and mortality. [38] 
 

Amongst all the parameters of measuring antibiotic prescription, the prolonged duration was the 
most commonly frequented deviation. [27] While this has been noted equivocally in studies done in other 
developing countries [23,33-35]it has also been documented quite frequently in developed nations as well.In a 
survey among 43 paediatric cardiovascular surgery centres in the United States, up to 76% continued 
antibiotics while chest tubes were in place. [26] A questionnaire sent to 120 UK cardiac surgeons showed that 
28% continued antibiotic use until the removal of all chest drains. [25] In a French survey among 1473 
anaesthetists, 23% prescribed >48 hours of antibiotics after cardiovascular surgery. [24]An Australian study 
documented a lowly 10% concordance rate with international guidelines. [39]This common trend among both 
developing and developed nations indicate the widespread misnomers regarding prescription of antibiotics, 
and not just non-adherence to international guidelines.  
 

Further, in this study, no unnecessary pre-operative prescribing of antibiotics was observed. This is in 
adherence with the guidelines set forward by Englemanet al. [2]There was also no record of intra-operative 
usage of antibiotics. Guidelines warrant that the prophylactic antibiotics be repeated intra-operatively if 
duration of surgery exceeds 4 hours. [1,9]However, as our study did not record the duration of surgery, proper 
analysis could not be done to determine if this practice was in accordance with international norms. But 
worldwide, it has been noted in many studies that intra-operative re-dosing of antibiotics is missed out quite 
often, and is one of the deviations from prescribed norms. [23,24,39] 
 

Thus with respect to adherence to international guidelines [1-3, 11-16]it was observed in our study 
that there were slight discrepancies such as the choice of antibiotics, usage of fixed dose combinations and 
prolonged antibiotic usage in postoperative period. However, 100% adherence in terms of time of first dosage 
and an extremely low percentage of utilization of glycopeptide antibiotics are positive signs. 
 

A collection of microbiological evidence and detailed investigations of hospital flora is recommended 
so that identification of the pathogens will pave way for better and more rational prescribing procedures and 
can avoid the need for combining antibiotics empirically to cut down infection rates. The way forward can be 
achieved by forming local hospital strategies and guidelines for antibiotic use, which may be easier to adhere 
to than an international guideline. Involving an infection specialist and/or clinical pharmacists in the 
formulation of the same may yield better results. Prolonged antibiotic therapy must be discouraged, and 
practitioners must be educated about the adverse effects of irrational antibiotic prescriptions, the morbidity 
and mortality as well as the financial burden associated with it. 
 

CONCLUSION 
 

This study evaluated the utilization of antibiotics in cardiac surgery in a tertiary care hospital over a 
period of two months.  The most common antibiotics prescribed by ATC Classification were in the following 
order: Second generation cephalosporins, fluoroquinolones, β Lactam antibiotics, Aminoglycoside Antibiotics.  
Multiple drug combinations were used in all the cases, usually a cephalosporin with a fluoroquinolone, 
aminoglycoside or β Lactam antibiotics. Prolonged antibiotic therapy was the norm in all the cases analysed, 
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with antibiotic prophylaxis lasting upto 5-7 days. The low utilization of glycopeptides (1%) and the first dosage 
being administered 60 minutes before skin incision in 100% of cases were positive findings which adhere with 
international guidelines. The microbial flora of the ICU and wards attached to the department of cardiac 
surgery must be studied further, so as to avoid the need to empirically prescribe antibiotics. In-hospital 
strategies and local guidelines must be developed to facilitate a more rational prescription of antibiotics in 
cardiac surgery.   
 

ACKNOWLEDGEMENT 
 

We thank Dr. James Pandian, Dean, SRM Medical College Hospital and Research Center for permitting 
us to conduct this study. We are also grateful to the staff and faculty of Cardiothoracic surgery department for 
extending all their help to us during this study. 
 

REFERENCES 
 

[1] Engelman R, Shahian D, Shemin R, Guy TS, Bratzler D, Edwards F, et al. Ann Thor Surg  2007;4:1569-
76. 

[2] Edwards FH, Engelman RM, Houck P, Shahian DM, Bridges CR. Ann Thor Surg 2006;81:397-404. 
[3] Hills L, Smith P, Anderson J, Bittl JA, Bridges CR, Byrne JG, et al   J Am Coll Cardiol 2011;58:123-210. 
[4] Page CP, Bohnen JMA, Fletcher JR, McManus AT, Solomkin JS, Wittman DH. Arch Surg 1993;128:79–

88. 
[5] Austin TW, Coles JC, Burnett R, Goldbach M. Can J Surg 1980;23:483–5. 
[6] Fekety FR, Cluff LE, Sabiston DC, Seidl LG, Smith JW, Thoburn R. J Thor Cardiovasc Surg 1969;57:757– 

63. 
[7] Fong IW, Baker CB, McKee DC. J Thorac Cardiovasc Surg 1979;78:908-13. 
[8] Goodman JS, Schaffner W, Collins HA, Battersby EJ, Koenig MG. N Engl J Med 1968;278:117–23. 
[9] Alexiou GV,Ierodiakonou V, Peppas G, Falagas ME. Surg Infect (Larchmt) 2010;11(4):343-8. 
[10] National Institute for Health and Clinical Excellence, UK. Surgical Site Infection: Prevention and 

Treatment of Surgical Site Infection. 2008. 
[11] American Society of Health-System Pharmacists Commission on Therapeutics. ASHP therapeutic 

guidelines on antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 1999;56:1839–88. 
[12] Bratzler DW, Houck PM. Clin Infect Dis 2004;38:1706-15. 
[13] Gilbert DN, Moellering RC, Sande MA. The Sanford guide to antimicrobial therapy 2003. 33 ed. Hyde 

Park, VT: Antimicrobial Therapy, Inc; 2003. 
[14] Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Infect Control Hosp Epidemiol 1999;20:247– 

80. 
[15] Lafreniere R, Berguer R, Seifert PC, et al. Preparation of the operating room. In: Wilmore DW, ed. ACS 

Surgery: principles and practice 2004. New York, NY: WebMD, 2004: 12–3. 
[16] Kreter B, Woods M. J Thor Cardiovasc Surg 1992;104:590-9. 
[17] Bolon MK, Morlote M, Weber SG, Koplan B, Carmeli Y, Wright SB. Clin Infect Dis 2004;38:1357-63. 
[18] Harbrath S, Samore MH, Litchenberg D, Carmeli Y. Circulation 2000;101:2916-21. 
[19] Niederhäuser U, Vogt M, Vogt P,Genoni M, Künzli A, Turina MI. The J Thor Cardiovasc Surg 

1997;114:162-8. 
[20] Ehrenkranz NJ. Infect Control Hosp Epidemiol 1993;14:99 –106. 
[21] Dellinger EP, Gross PA, Barrett TL, Krause PJ, Martone WJ, McGowan JE Jr, et al. Clin Infect Dis 

1994;18:422–7.  
[22] Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP. N Engl J Med 1992;326:281-6. 
[23] Al-Momany NH, Al-Bakri AG,MakahlehZM, and Wazaify M. J Manag Care Pharm 2009;15(3):262-71. 
[24] Martin C, Pourriat JL. J Hosp Infect1998;40:47-53. 
[25] Parry GW, Holden SR and Shabbo FP. Br Heart J 1993;70:585-6. 
[26] Lee KR, Ring JC, Leggiadro RJ. Pediatr Infect Dis J 1995;14:267-9. 
[27] Lador A, Nasir H, Mansur N, Biderman P, Leibovici L, Paul M. J Antimicrob. Chemother2012;67:541-50. 
[28] Riera M, Ibáñez J, Herrero J, Ignacio Sáez De Ibarra J, Enríquez F, Campillo C, et al. J CardiovascSurg 

(Torino) 2010;51:907-14.  
[29] Kinlin LM, Kirchner C, Zhang H, Daley J, Fisman.  Clin Infect Dis 2010;50:493-501.  
[30] Hortal J, Giannella M, Perez MJ, Barrio JM, Desco M, Bouza E, et al.  Intensive Care Med2009;35:1518-

25. 



ISSN: 0975-8585 
 

September - October 2015  RJPBCS 6(5)  Page No. 129 

[31] Liberati A,  D'Amico R, Pifferi S,Torri V, Brazzi L, Parmelli E.  Syst Rev 2009;4:CD000022. 
[32] Silver A, Eichorn A, KralJ,Pickett G, Barry P, Pryor V, Dearie MB. Am J Surg.1996;171(6):548-52. 
[33] Thomas M, Govil S, Moses BV, Joseph A. J Clin Epidemiol.1996;49(2):251-4. 
[34] Hu S, Liu X, Peng Y. J Infect 2003;46(3):161-3. 
[35] Heineck I, Ferreira MB, Schenkel EP. Am J Infect Control 1999;27(3):296-300. 
[36] Bhatia JY, Pandey K, Rodrigues C, Mehta A, Joshi VR. Indian J Med Microbiol 2003;21:246-51. 
[37] Pawar M, Mehta Y, Ansari A, Nair R, Trehan N. Asian Cardiovasc Thorac Ann 2005;13:316-20. 
[38] Kreisel D, Savel TC, Silver AL, Cunningham JD. Arch Surg 1995;130:989–93. 
[39] Haydon TP, Presneill JJ, Robertson MS. Med J Aust 2010;192:141-3. 
[40] Inkster T. J Cardiothorac Vasc Anesth 2009;23:933-5. 
[41] Giblin TB, Sinkowitz-Cochran RL,Harris PL, Jacobs S, Liberatore K, Palfreyman MA, et al. Arch Intern 

Med 2004;164:1662– 8. 
[42] Fowler VG Jr, O'Brien SM, Muhlbaier LH, Corey GR, Ferguson TB, Peterson ED. 

Circulation2005;112:1358-65. 
[43] ATC index with DDDs. Oslo: WHO Collaborating Centre for Drug Statistics Methodology; 2002.  
[44] Lola I, Levidiotou S, Petrou A, Arnaoutoglou H, Apostolakis E, Papadopoulos GS.  J Cardiothorac Surg 

2011;6:151. 
[45] Rothenburger M, Tröscha F, Markewitz A, Berendesc E, Schmida C, Schelda H, Tjana TDT. Cardiovasc 

Surg 2002;10:470-5. 
[46] Kurz A,Sessler DI, Lenhardt R. N Engl J Med 1996;334:1209–15. 
[47] Kollef MH, Fraser VJ. Ann Intern Med 2001;134:298–314. 
[48] Thursky KA,  Buising KL, Bak N, Macgregor L, Street AC, Macintyre CR, et al. Int J Qual Health Care 

2006;18:224–31. 
[49] Weed HG. Med Clin N Am 2003;87:59-75. 
[50] Ruth Kappeler, Gillham M, Brown NM. J Antimicrob Chemother 2012; 67:521-2. 


