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Background & objectives: Perioperative antimicrobial prophylaxis constitutes the bulk of antimicrobial
consumption in any hospital. This study was conducted at a level 1 Trauma Centre of a tertiary care
hospital of India to assess the efficacy of a short (24 h) course of perioperative antibiotic prophylactic
regimen in preventing surgical site infections (SSI) in open reduction and internal fixation (ORIF) of
closed fractures of limbs and to assess if the same can be implemented as a general policy.

Methods: Patients of either sex, aged 18 yr or more, who were scheduled for ORIF and were willing and
able to give informed consent, were included in the study. Patients were randomly allocated into two
groups. Group 1 (n=100) received 3 doses of 1 g i.v. cefuroxime perioperatively spaced 12 h apart and
group 2 (n=97) received the conventional existing regimen [5S days of i.v. antibiotics (cefuroxime 1 g twice
daily along with amikacin 15 mg/kg in 2 divided doses), followed by oral cefuroxime, 500 mg twice daily
till suture removal].

Results: Of the 197 patients, four patients developed a surgical site infection (three with methicillin
resistant Staphylococcus aureus and one Acinetobacter baumanii). Of these, two patients were in group 1
and the remaining two in group 2. These patients were treated with i.v. antibiotics based on the culture
and antimicrobial sensitivity reports. The cost of the short course treatment was I 150 per patient as
compared to T 1,900 per patient for conventional regimen.

Interpretation & conclusions: There was no significant difference in rates of SSI among the two groups
in our study. Cost evaluation revealed that shorter course was less expensive than conventional long
course regimen. Implementation of a short course perioperative regimen will go a long way in reducing
antimicrobial resistance, cost and adverse reactions to antimicrobials.
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Perioperative antimicrobial prophylaxis constitutes
the bulk of antimicrobial consumption in any hospital.
Studies done on perioperative prophylactic antibiotics
for open reduction and internal fixation of closed
fractures are mostly three decades old and do not reflect
current orthopaedic management practices, which are
now usually done in ultra-clean ventilated operation
rooms'”’. Usually, long courses of antibiotic prophylaxis
are administered, which are often associated with
increasing antimicrobial resistance, super infection
with resistant pathogens, toxicity and unnecessary cost®.
Rampant and unnecessary administration of antibiotics
is one of the major contributors for development of
drug resistance’. Large scale interventional studies
are required to formulate evidence based guidelines
for antibiotic administration. Therefore, this study
was conducted at a level 1 Trauma Centre of a tertiary
care hospital of India to assess the efficacy of a short
course (24 h) of perioperative antibiotic prophylactic
regimen in preventing surgical site infections (SSI) in
open reduction and internal fixation (ORIF) of closed
fractures of limbs and to assess if the same can be
implemented as a general policy.

Material & Methods

The study was planned as a two group parallel
randomized control trial on the basis of a previous
pilot study conducted by us'’. Since the expected rate
of SSI in both the groups was not very different based
on literature and our pilot observation, a large sample
size was required to ascertain statistical significance.
In view of this, the study was planned for a period of
one and a half years. All cases attending Jai Prakash
Narayan Apex Trauma Centre, All India Institute
of Medical Sciences, New Delhi, and fulfilling the
inclusion criteria and willing to enroll were included.
The study was conducted from April 2009 to December
2010 and the protocol was approved by the Institute’s
ethical Committee and registered with Clinical Trial
Registry-India (CTRI-2022 - 000243). All patients of
either sex, aged 18 yr or more, who were scheduled
for open reduction and internal fixation of closed limb
fractures and were willing and able to give informed
consent were included in the trial. Patients undergoing
simple percutaneous Kirschner wire fixation or external
fixation; known hypersensitivity to cephalosporins;
antimicrobial use or symptoms of infection in the
week before surgery; pregnant females; patients on
immunosuppressive treatment; patients suffering from
compound fractures; patients suffering from multiple
fractures; patients having underlying illnesses like

diabetes, coronary artery disease, hypertension, chronic
obstructive airway disease, any other chronic ailment
were excluded.

Participants were randomly allocated to two
groups. Group 1 (n=100) received 3 doses of 1 g
intravenous (iv) cefuroxime perioperatively spaced 12
h apart (the first dose of which was administered 15-
30 min before tourniquet inflation). Group 2 (n=97)
received the conventional existing regimen of 5 days of
1.v. antibiotics [cefuroxime 1 g twice daily along with
amikacin (15 mg/kg in 2 divided doses)], followed
by oral cefuroxime, 500 mg twice daily till suture
removal.

The randomization was done by the treatment team
by the block randomization method (in blocks of 10).
The assessor was blinded to the allocation. The follow
up of all participants was done by the assessor.

All participants were treated by the standard
surgical techniques. They were evaluated for
development of wound infections daily till the time of
discharge. The wound was clinically observed at 24
and 72 h post-surgery, when the dressings were done.
Apart from this, the patients were asked daily for any
local pain/discomfort and daily temperature charting
was done. A clinical follow up was done between10-
14 days when the patient’s sutures were removed.
Surgical site assessment was also done for patients
who came after suture removal for routine follow up
in OPD. All surgical wounds infections were initially
diagnosed clinically. Surgical wound infection was
defined as one or more of classic signs and symptoms
of inflammation together with pus at the operation
site™!!. The classification of surgical wound infections
was done as per standard definitions>!!.

In any case of clinical suspicion of wound infection
at surgical site in either group, the following work-
up was done: A thorough clinical examination of the
wound was done as per standard protocols''. A complete
systemic examination was also done. A complete
haemogram (haemoglobin, total and differential
leucocyte counts, platelet counts and ESR) and liver
and kidney function tests were conducted on the first
day of clinical suspicion of SSI. The Microbiological
investigations included samples like wound swab/ pus/
wound aspirate from the surgical site collected as per
standard protocols'?. These samples were immediately
transported to the Microbiology laboratory in a
transport medium. The further processing of samples
(culture, identification and antimicrobial susceptibility)
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was done according to standard microbiological
methods'>". Samples of peripheral blood (5 ml) and
urine were taken for culture at the clinician’s discretion
to rule out other causes of fever.

If infection was either suspected or confirmed
clinically in patients of either group, the following
protocol was followed to manage them: the specific
antibiotics were immediately administered based on the
culture and sensitivity report. The wound was managed
according to the standard surgical protocols'. If the
patients did not respond to medical management, they
were scheduled for thorough surgical debridement and
irrigation, with or without implant removal, depending
on whether the implant was infected or not.

Surveillance cultures of operation theatres, Centre
Sterile Supply Department (CSSD), orthopaedics ward
and health care workers were taken randomly during
the entire study period. The average cost incurred on
antimicrobials in both the regimens was also calculated
which included the cost of medicine and the hospital
stay of the patient during the treatment.

Statistical analysis: For calculating difference in rates
of infection, Chi-square test, and relative risk, with
95% confidence interval were used.

Results

Atotal of 197 participants were enrolled in the study.
The demographic characteristics of the participants
are shown in Table 1. Both the groups formed after
random allocation were matched for their age, gender,
type of trauma and distribution of surgeries (Fig.).

Table I. Demographic characteristics of participants in both
groups
Cases Controls
(Group 1) (Group 2)
N=100 N=97
Age (yr) 18-65; 35 18-60; 35
range; median
Males 87 81
Females 13 16
Residence in Delhi 92" 93
Duration in days between <1-3;2 <1-4;2
trauma to surgery
(range; median)
Average length of stay 1-13; 6 <1-35; 8
(days) range; median
“Four patients were residents of Uttar Pradesh (UP), three from
Bihar and one of Haryana; “*Four patients were from UP

Of these 197 surgeries, 114 (54.8%) were done under
spinal anaesthesia, 56 (28%) were done under general
anaesthesia and 27 (14%) were done under epidural
anaesthesia. The details of fractures in both groups
are shown in Table II. Out of 197 surgeries, ORIF was
done in 95 (48%), screw fixation in 41 (21%), plating
in 32 (16%), interlocking in 15 (8%) and tension band
wiring in 14 (7%) cases.

Of the 197 patients enrolled, four developed a
surgical site infection. Of these, two patients were
in group 1 and the remaining two in group 2. The
details of these patients are shown in Table III. Apart
from random surveillance cultures as part of Infection
Control Programme, surveillance cultures of operation
theatres, CSSD, orthopaedics ward and health care
workers were taken immediately after finding of
SSI in patients. Surveillance cultures of patients and
their attendants were also taken in cases of SSIs. In
general, the rate of SSI at our centre considering all
orthopaedic trauma surgeries has varied from 0.7 to
4.06 per cent over the study period. All these patients
were administered culture result based antibiotics.
Thus, the first patient in group 1 (whose culture
grew methicillin resistant Staphylococcus aureus,
MRSA) was administered i.v. vancomycin (1 g B.D)
till suture removal. The second patient’s sample grew
Acinetobacter baumannii, sensitive to piperacillin/
tazobactam, cefoperazone/sulbactam, ceftriaxone/
sulbactam; cefepime/tazobactam, imipenem, amikacin,
netilmicin, meropenem, polymyxin and tigecycline.
On the basis of this report, his treatment was modified
to include i.v. cefoperazone/sulbactam (2 g, B.D).
On examination after 24 h of this regimen, there
was good clinical response. Hence the same regimen
was continued for 10 days. The first patient in group
2 (whose culture grew MRSA) was already on i.v.
antibiotics (amikacin and cefuroxime). He was taken
up for exploration and lavage in OT on an urgent basis.
The MRSA strain isolated from his pus sample was
sensitive only to vancomycin, teichoplanin, linezolid
and rifampicin. The patient was administered i.v.
teichoplanin (loading dose of 400 mg once, followed
by maintenance dose of 200 mg daily), along with
the other i.v. antibiotics for 5 days, to which he
responded. At the time of discharge, his surgical site
was totally healthy. The second patient in group 2
also had MRSA in his wound sample. The patient was
treated with i.v. amikacin (already receiving), along
with i.v. teichoplanin. The MRSA strain was sensitive
to vancomycin, teichoplanin, linezolid, rifampicin,
amikacin and levofloxacin.
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Assessed for eligibility (n=932)

Excluded (n=735)

® Not meeting inclusion criteria (n= 693)

e Declined to participate (n=42)

Randomized (n= 197)

Allocated to intervention (n=100)

® Received allocated intervention (n=100)
e Did not receive allocated intervention
(1=0)

Allocated to intervention (n=97)

® Received allocated intervention (n=97)
o Did not receive allocated intervention
(n=0)

Lost to follow-up/ Discontinued intervention

Lost to follow-up/ Discontinued intervention

(n=0)
|

(n=0)
!

Analyzed (n=100)

Analyzed (n=97)

Fig. Allocation sequence of participants.

The approximate cost incurred on each patient
for antimicrobial prophylaxis was also calculated for
both the groups. We observed that the average cost of
short course treatment amounted to ¥150 per patient
as compared to I 1,900 per patient for prolonged
combinational regimens. No adverse side effects
were reported in either group due to antimicrobial
treatment.

Discussion

Antimicrobial  prophylaxis for orthopaedic
surgeries is the standard of care. However, the choice of
antimicrobial agent and its duration of administration
remains a matter of personal choice. With the
widespread presence of multi-drug resistant pathogens
and limited availability of therapeutic choices, it is
important to restrict the usage of broad spectrum
antimicrobials, especially their prolonged courses
as perioperative prophylaxis. Since perioperative
prophylaxis contributes a significant proportion of in-
hospital antimicrobial use, its judicious use will also
curtail the cost of hospital treatment.

In a systematic review on antibiotic prophylaxis
for surgery for proximal femoral and other closed long

bone fractures a single dose antibiotic prophylaxis was
found to significantly reduce the risk of deep surgical
site infections and the use of ceftriaxone was found to
be a cost-effective intervention'. Several studies have
justified the use of short courses ofa single cephalosporin
for clean surgeries, since these act on the most likely
organisms causing SSIs'**>, Many of these studies have
recommended the use of cefuroxime or cefazoline for
upto 24 h post-operation in an optimum dosage®'’.
Cefuroxime gives a high bioavailability tissue and
serum after a single dose® and is also efficacious for
preventing perioperative infections.

As compared to the developed countries,
antimicrobials are overprescribed in developing
countries, where an average 35 per cent of health budget
is spent on antibiotics**. Perioperative prophylaxis
constitutes a major bulk of hospital prescription in these
countries. To formulate guidelines for Indian patients,
indigenous studies are needed, taking into consideration
the high rates of antimicrobial resistance in our
population®, the difference in the spectrum of prevalent
pathogens in our hospitals and the different socio-
economic background of our population as compared
to the West. India accounts for 6 per cent of the global
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Table II. Details of type of fractures in study and control

groups

Type of fracture Cases (Group 1)  Controls (Group 2)
N=100 N=97

Both bone, forearm 15 (15) 16 (16.5)

Both bones leg 13 (13) 16 (16.5)

Bimalleolar 14 (14) 10 (10.3)

Trimalleolar 3(3) 1(1)

Medial malleolus 4(4) 5(5.1)

Lateral malleolus 2(2) 7(7.3)

Shaft of humerus 10 (10) 7(7.3)

Shaft of tibia 10 (10) 11 (11.3)

Patella 6 (6) 4(4.1)

Olecranon 7(7) 2(2)

Head of radius 6 (6) 5(5.1)

Shaft of femur 6 (6) 10 (10.3)

Calcaneum 4(4) 3(3.2)

Values in parentheses are percentages

vehicular traffic accidents?. Although an increasing
number of cases of closed fracture are treated by internal
fixation, the duration of antimicrobial treatment in such
surgeries are still based on personal preferences.

In our study, there was no difference in rates of
SSIs between the two groups. The present rate of SSI
(2%) was similar that reported earlier?’?®. Although
we found no difference in SSI rates in the two groups,
the interpretation of the finding is limited in view of
the small sample size. The study is underpowered, and
thus the confidence intervals are very wide. Thus, our
study does not convincingly prove that a short course
antimicrobial is more or less effective than the long
course regimen.

Shorter courses of perioperative antimicrobials
reduce cost, toxicity and development of drug
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resistance in the long run. Prolonged courses of
prophylactic antimicrobials have tremendous economic
consequences for health care facilities. In developing
nations, such resource saving can be utilized for
purchase of other life-saving drugs/devices.

The clean and planned orthopaedic surgeries
need to be conducted with utmost aseptic precautions,
undermining the importance of appropriate operation
theatre protocols in preventing SSIs. Such best-
practices should be incorporated in all hospitals as the
single most important measure to prevent SSIs%.

In our study, the randomization was done by the
treatment group and the clinical follow-up was done
by the assessors. Though all measures were taken
to reduce the bias, allocation bias and performance
bias could have been present. Prolonged follow up
of the patients was not done, thus late SSI could not
be studied. Another drawback of our study was that
molecular studies could not be performed to assess
the relatedness of strains isolated from the patients
to those from surveillance cultures (in two patients in
whom similar organism was isolated). Such a study
could have provided evidence of the exact source of
perioperative infections.

In conclusion, our findings indicate that a short
course of perioperative antimicrobial prophylaxis can
be efficacious as well as cost-effective for prevention
of infections in developing countries. However, since
the sample size was less, larger and multicentric studies
covering different regions of the country are required
to substantiate the role of short-course prophylaxis in
our country.

Table I1I. Details of patients who developed surgical site infections (SSIs) and surveillance culture results
Patient Group Age (yr) Site of fracture Surgical Time (h) after Organism Surveillance
No. and sex surgery duration (h)  surgery when SSI  isolated culture results
developed

1 1 21 M Shaft humerus 2 36 MRSA MRSA from nasal
swab of patient and
hand of OT technician

2 1 36 M Medial Ya 48 Acinetobacter All cultures sterile

malleolus baumanii

3 2 28 M Shaft tibia 2 12 MRSA MRSA from nasal and
hand swab of patient

4 2 40 M BB forearm 1.5 72 MRSA MSSA from patient
and operating surgeon
nasal swab. MRSA not
isolated

MRSA, methicillin resistant Staphylococcus aureus; OT, operation theatre; BB, both bones
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