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ABSTRACT

Background and objectives: Since the advent of antibiotics in the 1930's and 1940's antibiotic resistance has been an issue. In the last decade,
antibiotic resistance has become a major issue. Every orthopedic surgeon faces on a daily basis an increasing problem of antibiotic resistance in the
effort to treat and prevent infections .In view of these above mentioned problems it becomes necessary to identify as early as possible all infections
that occur ,determine their sensitivity and institution of appropriate antibiotics. The objectives of this study was to identify the common micro
organisms that infect open tibial fractures in our hospital and determine the culture sensitivity patterns during the course of treatment in this
hospital; To evaluate whether pre debridement and post debridement cultures are predictors of infection in open fracture wounds.

Methods: A prospective study was conducted in the Orthopaedics department of Tirtiary care Hospital, Surat where 27 cases of open tibial
fractures were analysed to determine the infective organism and the culture sensitivity pattern of the isolated organism. A study was also conducted
on wound bacterial cultures and their effectiveness in determining the prognostic value in deep wound infections.

Study design: All patients underwent clinical examination and history noted. Demographic details date and time of injury, mechanism of injury
and time elapsed since injury to presentation in emergency department was noted. Wounds were swabbed before and after debridement and
fractures were classified based on Gustilo Anderson's Grading system. Appropriate treatment for bony as well as soft tissue injury was carried out
and patient was followed up in the ward to note the infections that developed from pre as well as post debridement cultures.

Results: Of the 27 pre and post debridement samples that were sent it was found that 41% of pre debridement samples were positive for infective
organisms and of these 59% grew the infective organism in culture. In the post debridement series, only 20 % of the cultures grew the infective
organism, of which only 64% cases got infected. Hence pre debridement cultures were more accurate in predicting open fractures infections.
However of the cases that did become infected the infective organism was isolated in 85% cases. The most common organism that was isolated was
found to be non fermenting gram negative bacillus followed by Pseudomonas in our study and the antibiotics recommended for treating these
infections was found to be Cefeperazone sulbactum combination followed by Amikacin.

Conclusion: In summary, the use of pre and post debridement bacterial cultures has got a value in determining infections in open tibial fractures.
The kind of organism will differ from hospital to hospital and culture sensitivity pattern will also vary. The most common organism that was
encountered in my hospital was non fermenting gram negative bacillus followed by Pseudomonas; and the antibiotic of choice was found to be
cefeperazone sulbactum combination followed by Amikacin.
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INTRODUCTION

Since the advent of sulfonamides and penicillin in the 1930's and
1940's, specific antimicrobial resistance has been an issue. Penicillin
resistant staphylococcus developed in the 1940's and 1950's. C.
Methicillin resistance developed in the 1960s, and amino glycoside
resistance among Pseudomonas Aeruginosa isolates was first seen in
the late 1960's and 1970's. In the last decade, multidrug resistance has
become frequent among nosocomial pathogens (that is

B. To chalk out a treatment protocol that will guide all antibiotic
regimes when planning initiation of antibiotics in open tibial
fractures.

To evaluate whether pre debridement and post debridement
samples are predictors of subsequent wound infections.

METHODOLOGY
This was a prospective study involving 27 patients who presented with

staphylococcus, enterococcus and enterobacter species)/n addition
antimicrobial resistance methicillin resistance among staphylococci,
vancomycin resistance among enterococci and third generation
cephalosporin and fluroquinolone resistance among pseudomonas,
enterobacter and escherichia coli species) has become common in
community acquired isolates.

Antimicrobial resistance is increasing for variety of reasons. These
include sub optimal use of antimicrobial for prophylaxis and treatment
of infection, prolonged hospitalization, increased number and duration
of stay in intensive care units, multiple co morbidities in hospitalized
patients. Increased use of invasive devices and catheters, ineffective
infection control practices and non compliance with infection control
practices .In general the level of antibiotic resistance is dependant on
the proportion of resistant organisms introduced into the hospital from
the community, the proportion that becomes resistant spontaneously or
as a result of antibiotic use and the proportion that is spread from
person to person .All these factors must be addressed in order to control
the spread antimicrobial resistance organisms within the hospital.

OBJECTIVES

A. Identify the common micro organisms that are encountered in
open tibial fractures and their antibiotic sensitivity patterns during
the course of treatment.

open tibial fractures at Tirtiary care Hospital, Surat between January
2013 to December2014.

Inclusion Criteria

All patients who have open tibial fractures of one or both limbs without
other open long bone fractures, or open wounds of other parts of body
orany other focus of infection detected clinically or laboratory wise.

Exclusion Criterion

Patient with open tibial fractures who have been treated by iv
antibiotics or antibiotic dressings before coming to the emergency
department Patient who have undergone wound debridement or
surgical procedure for the fracture.

Study Design

All patients with open tibial fractures underwent a detailed history and
clinical examination. From history patients who had received
treatment elsewhere (as described in the exclusion criterion) were not
included in study.

Patients whose profile fitted that of the inclusion criteria were
considered in our study. As part of a working proforma the following
details were noted from the patient and his at tenders-

*  Demographic details (age sex) of the patient

* Dateandtime of injury
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*  Themechanism of injury
» Time elapsed since injury and presentation at emergency

All patients underwent trauma assessment and appropriate treatment
in the emergency department, the affected limb(s) were splinted and
the wounds were inspected for the size and extent of wound. Both soft
tissue and bone status was assessed and the amount of contamination
was noted.

All wounds were tentatively classified based on Gustilo Anderson
classification of open fractures. All patients were given tetanus toxoid
and the leg was splinted. The wound was covered by a sterile saline
soaked gauge.

Under complete aseptic precautions the wound was first cleaned with
sterile normal saline and then a wound swab was taken and sent to the
microbiology department, This was the pre debridement sample. Then
a thorough wound toileting was carried out in operation theatre using
6-10 liters of IV saline under complete asepsis .following which
another swab was taken deep within the wound (post debridement
cultures) the wound was then debrided under anesthesia and the open
fracture is classified depending on the findings. The soft tissue wounds
are addressed as the need may be and the bony injury is stabilized
depending on factors like soft tissue coverage, contamination,
communition and periosteal stripping. Further management of open
tibial fractures is carried as per the guidelines given in literature, all
patients are started on antibiotics after pre debrima culture samples
were taken-cefazolin gentamycin and metronidazole for type 1, 2 and
type 3 fractures were started on cephaperazone sulbactum and
amikacin .all patient were given antibiotics for 3 days and subsequent
antibiotics depended on the growth of those pre and post debridement
cultures. Ifno growth occurred the antibiotics were stopped by 5" day.
The patient during his hospital stay was assessed clinically for signs of
infection and repeat cultures were sent; if infection was found to be
present. The clinical parameters that were considered that suggested
infection of wound were -

Local rise of temperature, tenderness, serosangunious discharge, frank
pus abscess collection foul smell and necrosis of graft of flap Fever
with chills The patient wound was inspected regularly and dressing
using appropriate antibiotic was done If there was evidence of
infection the wound was cultured and antibiotics started later to be
followed by any secondary definitive soft tissue and bony procedure so
as to obtain complete coverage of the open fracture wound. Once soft
tissue cover was established and patient had no evidence of infection,
the patient was then discharged from this hospital. The organisms that
were encountered and there sensitivity was noted and later tabulated
for analysis.

RESULTS

27 cases of open tibial fractures underwent treatment in orthopaedics
department at Tirtiary care Hospital, Surat. Demographic data: Out of
27 patients, 23 were males and 4 were females.

The age of the patients ranged from 3 years to 75 years.

Table : Age group

Age Range 3-75yrs
<20 yrs 3

21 -40 yrs 18

41 - 60 yrs 4

>61 yrs 2

Etiology of open fractures:
There were various causes for open tibial fractures. However the most
common was Road Traffic Accidents amounting to 79% of cases.

Open fracture classification based on Gustilo Anderson's system:
Of the 27 open fractures that was encountered, the maximum number
was type 2 which amounted to 9 cases and followed by type 3b which
accounted for 7 cases.

Table: type of open fracture

Gustilo Anderson's Classification
1 4
2 9
3a 3
3b 7
3c 4

From all 27 patients a pre debridement culture swab was taken and all
patients underwent a wound debridement. Following wound
debridement a post debridement culture swab was then taken.

For bony stabilization, the following fixation methods were used.
some patients underwent more than one bony as well as soft tissue
procedures.

Table : operative procedure
Bone stabilization procedures

Exfix 13
Nail 9
Plate+screw 0
k-wire 0
Slab 1
Skeletal Traction 4

Table - Soft tissue procedures that were carried out following
debridement

Soft tissue procedures

primary wound closure 7
Flap 4
Amputation 1
SSG 2

Analysis of Pre debridement cultures:

A total of 27 wound debridement cultures were taken before wound
debridement was carried out. Of these 11 cultures (41%) was found to
be positive for organism and 16 cultures (59%) did not grow any
organism.

Based on Gustilo Anderson's Classification the number of positive
cultures was:

Positive pre debrima cultures based on GAC
Gr 1 1
Gr2 3
Gr 3a 1
Gr 3b 4
Gr 3¢ 2

Ofthe 27 cultures, 11 positive pre debridement cultures were obtained.
Of'these 4 were obtained in Grade 3b open tibial fractures and 3 were of
Grade 2 open fractures.

Results of Pre debridement cultures:

Positive Pre debridement cultures: Of the 11 cultures that had grown
organisms it was found that 6 cases were infected and 5 cases did not
get infected Of these 5 infected cases 4 cases grew the infective
organism whereas 1 case did not grow any organism.

Results of negative pre debridement cultures

Pre-debriment Negative cultures
Noninfective fractures 15
Infective fractures 1

Table : Mode ifinjury

Mode of Injuries No. of Cases
RTA 21

Fall 2

Industrial Accidents 4

Duration from injury to primary treatment: Of the 27 patients who
presented in the emergency department 15 patients (55%) were taken
up for debridement after 6 hrs of their injury and 12 patients(45%)
were taken up for debridement within 6 hrs of injury.

Of the negative pre debridement cultures, 15 cases did not cause
infections whereas 1 case did get infected even though the
predebridement culture did not register any growth.

Analysis of Post debridement cultures:
Total number of cases was 27.

Analysis of post debridement cultures
positive 5
Negative 22
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Post debridement positive cultures based on Gustilo and Anderson's
classification Of the 5 case that were positive for infection in the post
debridement samples the maximum cases were seen to be present in
type 2 & 3 b open fractures and followed by type 3a open fractures.

Post debridement positive cultures
1 0
2 2
3a 1
3b 2
3¢ 0

Positive Post Debridement Cultures

5 cultures were found to be positive, out of which 3 cases were
clinically found to be infected as compared with 2 cases which did not
have clinical infection.

Of'these 3 infected cases, 2 cases did grow the organism in the infected
fracture wound whereas 1 case was negative for the organism even
though there was clinical evidence of infection.

Positive Post-debridement culture
infected 3
non infected 2

Negative post debridement cultures -22 cases

Negative Post-debridement cultures
Positive for organisms 3
Negative for organisms 19

Analysis of Infective Organisms in Open Tibial Fractures:

The following infective organisms were isolated in my study of open
tibial fractures both on pre and post debridement cultures and
subsequently.

infective organisms
non fermenting gnb
Pseudomonas
Enterococcus
Enterobacter

Ecoli

MRSA

Klebsella
stap.aureus
citrobacter

proteus mirabalis

=N N | W W WK [oo| O

The most common organism isolated in this study was non fermenting
gnb followed in decreasing frequency by pseudomonas, entrococcus
enterobacter and Ecoli. Methicillin resistant staphalococcus (MRSA)
followed by kleibseilla, staph.aureus citrobacter and proteus mirabilis .

Of the 27 cases that were analyzed, the total number of clinical
infections was found to

6 cases. A categorization of the infective cases based on the type of
fractures is enumerated below.

Sensitivity patterns of the organisms isolated:

In this study the following organisms were found to cause infection in
open tibial fractures. The sensitivity patterns of these organisms will be
enumerated in descending order of sensitivity to the antibiotic.

* Non fermenting gram negative bacillus -the sensitive antibiotics
were Cefeperazone and sulbactum combination >Gentamycin/
Ciprofloxacin>Amikacin >Ceftazidime.

* Pseudomonas was found to be sensitive to Amikacin >
Ceftazidime >Ciprofloxacin > Cefaperazone > gentamycin.

* Enterococcus was found to be sensitive to Gentamycin
>Vancomycin > Pencillin

+ Enterobacter was found to be sensitive to Amikacin >gentamycin
>Ciprofloxacin >Ceftazidime/Cefotaxime.

*« E coli was found to be sensitive to Amikacin >Gentamycin
/Ciprofloxacin/Ceftazidime>Cefotaxime /Cefuroxime.

¢« MRSA was found to be sensitive to Vancomycin
>chloramphenicol >Teicoplanin >Ciprofloxacin.

¢ Kileibseilla was found to be sensitive to Cefeperazone and
sulbactum combination >Amikacin >Gentamycin, Zosyn and
Netilimycin.

* Staph aureus was found to be sensitive to Cloxacillin /

methicillin.

DISCUSSION

The problem of open fracture management has plagued surgeons since
the time of Hippocrates. The open fractures represent a therapeutic
challenge to the orthopaedics surgeons. They are difficult to treat and
the cost of inadequate treatment is high both financial terms and in
continuing patient disability .In the past open fractures of the tibia have
been associated with infections, limb loss marked morbidity and high
mortality rates owing to sepsis.

Prevention of wound sepsis remains the prime objective in the
management of open tibial fractures. The reported infection rates in
these fractures have ranged from 3% t025% in literature™

There is universal agreement that open fractures require emergency
treatment in the form of wound debridement and irrigation .Beyond
this, use of cultures in the assessment and predictivity of infections is
still controversial. It is universally accepted that antibiotics have an
important role to play in the treatment of open tibial fractures but the
duration and initiation of treatment still remain open to debate.

This study was undertaken in Tirtiary care Hospital, Surat to analyze
the type of organism that most commonly infect our open tibial
fractures and the sensitivity pattern that they develop in our hospital
setting. This would be used to plan a treatment protocol to direct the
use of antibiotics din the management of these infections in our
hospital.

27 cases were included in this study .Males were found to more
affected than females and amounted to 88% of the cases seen.

Most patient were in the age range of 21 to 40 years (66%). Road traffic
accidents caused the maximum number of cases (79%). 55% of cases
presented in the emergency after 6 hours of injury and were taken up
for wound debridement as compared to 45% of cases who presented in
the emergency within 6 hours of injury. On correlation with the number
of infections that developed in open tibial fractures it was found that
65% of these patients got infected as compared with 355% of cases
which did notdevelop infection.

When these cases where classified based on Gustilo Anderson s
classification it was found that 31% cases were of the type 2 and
followed by the 25% of cases which was type 3b.

On comparison between pre and post debridement cultures and there
association with fracture classification of Gustilo and Anderson' it was
found that type 3b were the most commonly affected (36%) followed
by 32% infection in type 2 fractures.

Numerous studies support the fact that the incidence of infection in
open fractures correlates directly with the amount of soft tissue, bony
injury and fracture classification'” 29, 41

The reported infection rate for open tibial fractures was found to range
from 0 t02% in grade 1, for Grade 2 it was 2%to 7% and for grade 3 it
was found to be 10% to 25%.

Literature also reports infection rate for sub classification of grade 3
fractures .It was found that 3a infection rates were 7%, 3b fractures had
infection rates ranging from 10% to 50% and for 3c fractures the
infection rates were 255 to 50%. "

The results of my study corroborates with these findings.

On analysis of pre debridement cultures samples it was found that in
41% of the total cases were able to pick up an organism on culture as
compared to 20% of post debridement samples to grow an organisms
In summary the pre debridement samples was better predictors culture
positive infection in open tibial fractures as compared to post
debridement samples.

However of the positive culture in pre debrima samples, only 59% of
these cases were able to cause infection in open tibial fractures as
compared to 64% of positive post debrima samples . This indicates that
post debrima samples were better indicator clinical infection in open
tibial fractures.
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On analysis of infected wounds which had grown pre and post
debridement cultures positive it was found that post debrima cultures,
the organism was isolated in 93% cases as compared with pre debrima
cultures where 85% cases the organism was isolated..

On analysis of these variables by the Chi square test the p value was
found to be less than and the variables were significantly associated

In summary it was found that pre and post debrima in this study was
found to be good indicator as well as predictors of infection in open
tibial fractures.

On comparison with a study conducted by Jackson Lee (b)

Pre debridement
Positive|Negative |Non Infected |Organis [Organis
infected m+ m —
Our 41% 59% 41% 59% 85% 15%

Study
Comparal53% 47% 80% 20% 29%
tive

study

71%(b)

It was found that the pre debridement infected cultures and positively
for infective organism in my study was found to be significant when
compared to a study done by Jackson Lee.

Post debridement
Positive [Negative|Infected| Non Organis |Organis
infected |m+ m —
Our 20% 80% 36% 34% 93% 7%

Study
Comparal27% 73% 28% 72% 89%
tive

study

11%(b)

In the post debridement culture study it was found that there was a
better correlation of my findings with Jackson study with respect to the
isolation of organism from infected wound.

Patzakis in his study in 1974 showed that approximately 35% of initial
cultures of open fractures produced no bacterial growth. However if a
positive culture was obtained it would be the organism most likely to
be associated with the infection. Some patients developed infection
even t}}ough the culture was negative but these rates were much
lower.

According to Gustilo and Anderson in their series 70.3% of open
wounds yielded positive results .Therefore they consider the routine
use of antibiotics in open fractures as therapeutic rather than
prophylactic and an subsequent change should be guided by the
sensitivity of the organism isolated."”

According to Jackson lee ,in conclusion he feels that both post and pre
debridement samples have essential no value and is an unnecessary
expense to the patient and hence should not be used. I however beg to
differ, this study does show a statistically significant correlation
between pre and post debridement cultures and the presence of
infection when it does develop and sometimes it may provide the basis
for initiating antibiotic therapy early ,even when initial cultures are
negative but clinical evidence of infection is present . On analysis of
the infective pattern that we encountered in our study the most
common organism was gram negative bacillus which was the most
commonly occurring organism in open tibial fracture wounds. This
was followed by Pseudomonas and enterobacter came next.

Gustilo and Anderson in their study of open fractures found that the
most common organism that was encountered in open tibial fractures
was Staphylococcus aureus.” Other organisms encountered were
Klebseilla, enterobacter, E Coli, proteus and coagulase negative
staphylococcus.

In another study by Patzakis and co workers it was found that the most
common infecting organism was Staphylococcus Aureus and followed
by mixed gram positive bacillus which included coagulase positive
staphalococcus.™

Gram negative bacillus was the most common organism isolated in my
study, It was found to be sensitive to Cefeperazone and sulbactum

combination in most of the cases. Gentamycin and Ciprofloxacin also
were found to be sensitive against the organism.

Literature advocates the use of 2™ or 3" generation Cephalosporin
depredating on the contamination and the type of fracture classification
and the addition of an amino glycoside in grade 3 fractures as these

fractures were found to have a 10 to 20 times higher infection rates as
compared with type 1and 2 open fractures.”***"

Based on our study we would like to suggest the following;

All patients with open fractures will need to be assessed individually
and the basic principles of open fracture management must be carried
out including wound debridement, fracture stabilization and soft tissue
cover where appropriate and depending on local factors of the wound,
Antibiotics should be instituted in the emergency and continued in the
ward till the cultures are available and further treatment will be
governed by it. Broad spectrum antibiotics can be used initially but
subsequent culture growth should govern the antibiotic protocol which
will vary from hospital.

In oury hospital we would recommend the use of Cefazolin,
gentamycin and metronidazole for all grade 1 and 2 fractures and for
type 3 and its subtypes I would recommend cefeperazone and
sulbactum combination with Amikacin and the use ofmetronidazole if
there is evidence of anaerobic contamination.

CONCLUSION

Gram negative bacillus was the most frequently isolated organism in
the cultures of open tibial fractures .This was found to cause a
significant number of infection in open tibial fractures . Type 3b was the
maximum number of open fractures that were infected and those
patients that presented in the emergency greater than 6hrs had an
increased infection rate when compared to those who reached the
emergency within 6 hours.

The organism was found to be sensitive to cefeperazone sulbactum
combination followed by Amikacin and then to ciprofloxacin.

Pre debridement as well as post debridement cultures have got arole in
detecting infections in open fractures and their association in
predicting infection is notable.
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