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Abstract
The aim of this study was to determine the effectiveness of an intervention (a guideline distribution associated
with the restriction of the use of cefazolin) in order to improve the use of antimicrobials in the prevention of
surgical site infection (SSI). The design of the study was a prospective one, before-after intervention. It was
conducted at the Clinical Hospital of the Federal University of Uberlândia, a teaching institution with 510
beds. Two interventions were effected: a guideline for antimicrobial prevention of SSI was made available; and
also the use of cefazolin was restricted. The suitability of the indication and of the prescribed antibiotic, and
also the time of its use were evaluated in the prevention of SSI. This study was divided into three periods: I baseline data collection; II - data collection after creation and availability of the guideline; III - data collection
during cefazolin restriction period.
The indication of prevention of SSI was considered adequate in the three collection periods. In the orthopaedic
trauma ward, the choice of the antibiotics was considered adequate in the three periods. In the general surgery
ward however, it was adequate in 20%, 63.9% and 61.5% of cases in periods I, II and III, respectively. The
length of time for antimicrobial prevention was considered adequate in 23% in period I; 46.15% in period II
and 82.46% in period III. In conclusion, educational, but especially administrative interventions can increase
the adequacy of the use of an antimicrobial in surgical infection prevention.
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Introduction
A nosocomial infection, also known as a hospitalacquired infection (HAI),1 is a global public health
problem.2 Several strategies have been proposed to
reduce the HAI incidences associated with four devices
and procedures: catheter-associated bloodstream
infection;
ventilation-associated
pneumonia;
catheter-associated urinary tract infections and
surgical site infection (SSI).3
SSI is the third major cause of HAI and it is also the
main complication during surgeries. It can increase
morbidity and mortality rates,4 time in the hospital and
associated costs.5
The risk of SSI and, therefore, the indication of
prophylactic antimicrobials are directly related to
the degree of contamination in different surgical
procedures. Surgeries are classified as clean, potentially
contaminated, contaminated and dirty or infected.6 The
prophylactic antimicrobial is indicated primarily for
contaminated and potentially contaminated surgeries.
In clean surgeries it is indicated where prosthetic
material is used, or when the SSI is catastrophic, such
as in many heart surgeries. In dirty or infected surgeries
the antimicrobial is indicated as a therapeutic.7
The objective of prevention with antimicrobials in
surgery, is to reduce the rate of SSI and, consequently,
morbidity and mortality rates and the associated
financial costs.7,8 When the indication is correct, it is
proven to be beneficial.9 However, there is a cost and
the use of antibiotics can cause adverse effects such
as toxicity, allergy, idiosyncratic reactions and, above
all, infection by multidrug-resistant and opportunistic
pathogens.10,11 Any of these adverse effects is not
justified if the indication is inadequate.12,13
Antimicrobial prophylaxis is in reality only one of the
measures necessary for the prevention of SSI. The
indiscriminate use of prophylactic antimicrobials
can lead to sensations of security and to disregard for
other more effective measures, such as hospitalization
for a minimum period of time prior to surgery, use of
trichotomy only when necessary, tonsure devices only
in the smallest possible area, adequate antisepsis of
the patient’s skin and of the hands of the surgical team.
An adequate surgical technique should be applied,
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which includes surgery in the shortest possible time,
a minimum amount of trauma and tissue necrosis,
efficient haemostasis and the prevention of leaving
empty spaces or hematomas.6,7
As there are no general and absolute rules for the
prevention of SSI with use of antimicrobials, it is
important to know the specific norms for each surgery
and for each specific situation.7,14 A large portion of
prophylactic conduct for SSI with antimicrobials has
been evaluated by careful studies and there are already
governmental and specialist society directives to serve
as a guide.6,15
It is known that the control of the use of antimicrobials
by hospitals increases the quality of the prescription
of these drugs, reduces costs and contributes to the
control of infections. It also reduces emergence and
the dissemination of resistant microorganisms.16,17
The use of the antibiotic for prevention of SSI remains
one of the most important errors in the administration of
medications in hospitals worldwide.18 Administration
of the antibiotics for long periods of time is one of
the main mistakes in the prevention of SSI.19,20 Many
studies were held comparing a single dose to multiple
doses of antimicrobials in the prevention of SSI, almost
always showing that one dose is sufficient.6,7,21,22,23
Different strategies have been used in the control of
antimicrobials, such as the use of software systems
in hospitals; the creation of local directives based on
scientific evidence and the restriction of the use of
unduly prescribed antimicrobials.24,25
In August 2002, the Centers for Medicare and Medicaid
Services and the Centers for Disease Control and
Prevention (CDC) implemented a national Surgical
Infection Prevention Project,8 with the goal of reducing
the rate of mortality and morbidity associated with SSI.
For this reason, the proposal to intensify the observance
of the following three basic guidelines was created:
• Administration of the antimicrobial up to one
hour before surgery (two hours for vancomycin or
fluoroquinolones);15
• Use of antimicrobials consistent with “current
recommendations”;
• Discontinued use within 24 hours after surgery.
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Though the prescriptions and forms of prevention
for SSI with antimicrobials are already relatively
established, it is difficult to find effective ways to
make these standards accepted in practice by medical
surgeons. In this context, the aim of this study was
to determine the effectiveness of an intervention (a
guideline distribution associated with the restriction of
the use of cefazolin) in order to improve the use of
antimicrobials in the prevention of SSI.
Methods
This study was conducted in the Clinical Hospital
(HC) of the Federal University of Uberlândia, a 510
bed teaching hospital. HC is a public institution that
offers tertiary care to an area with a population of
over 3 million inhabitants. The surgeries evaluated
are those that are submitted to the hospital infection
surveillance team who use the methodology of the
National Healthcare Safety Network.1 This surveillance
is routinely performed by a hospital infection control
nurse. The surgeries evaluated were those in which the
patient was already in the orthopaedic trauma ward or
general surgery ward. The use of antibiotic prophylaxis
was analyzed regarding the proper use, the kind of
antimicrobial prescribed and the time of use. The
data were obtained from surgery reports at the surgical
centre and also from the records of the hospitalised
patients. Cefazolin consumption data were obtained
at the Clinical Pharmacy of the HC.
Data were taken for all patients who underwent one
of the selected surgical procedures. The collection
time was set at eight weeks. Patients that lacked the
required information were excluded from the study.
The data were collected in three periods: period I
(baseline); period II (after the guidelines were created
and made available); and period III (during restriction
of cefazolin). Period I, consisting of collection of
baseline data, took place in the months of February
and March 2007. Period II, the intervention period,
took place from March to September 2007. During this
period the “Guide for Prevention with Antimicrobials
in Surgery” was composed. It contained basic rules for
the antimicrobial prophylaxis for SSI, the antimicrobials
suggested, the form of administration, the length of
the time and dosage for adult and paediatric patients
(Intervention I) and instructions for most surgeries.
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It was based on existing literature, above all on the
guidelines of specialist associations and on original
scientific articles. Discussions were held with all
the surgical teams of the HC whose specialty was
considered in the Guide, which was to be accepted
by the surgeons. The Guide was made available in
September 2007 and placed permanently on the HC
Intranet for consultation or printing. In November
and December 2007, data were collected, for eight
weeks, after the Guide was made available. The goal
was to evaluate the change in conduct of the surgeons
regarding the use of prophylactic antibiotics.
Period III began in April 2008 when the Guide was
permanently available (Intervention I). Meetings were
held with the surgery departments of the HC, and the
Guide for the use of cefazolin was fixed on the notice
board of these surgical clinics. Whenever cefazolin
was prescribed within the surgical centre, it was
released as a kit containing only three 1g doses of the
antimicrobial. Prescriptions outside the surgical centre
were only released after filling out a form for the release
of restricted antimicrobials and an evaluation by the
doctor in charge of infection control (Intervention II).
In the months of July and August 2008 (eight weeks),
data were collected in the same manner as in previous
periods.
The successes and errors related to the indication of
prophylaxis, the chosen antimicrobial and the time of
use was based on the guideline.
The chi-squared test (X2) and, when necessary, the
Yates correction or the Fisher exact test were used
to analyze the secondary variables. Regarding the
permanence time of the prophylactic antimicrobial in
orthopaedic trauma surgery, period I was compared to
period II (Yates), II with III (Yates), and I with III (Fisher).
The calculations were performed with Epi Info, CDC
software, version 3.51. The value of p<0.05 was used
as an indication of statistical significance.
The proposal for this study was approved by the
Research Ethics Committee of the Federal University
of Uberlândia (registered number 002/05).
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Results
Two hundred and fourteen patients were evaluated
and, 5 were excluded during Period I, 1 during
Period II and 7 during Period III, because they used
the antimicrobial with a therapeutic purpose. Thus,
remained 57 in Period I, 78 in Period II and 66 in
Period III.
The number of male patients was 24 (42.11%), 37
(47.44%) and 26 (39.39%) for Periods I, II and III,
respectively (p=0.6105) and the number of patients
between the ages of 30 and 60 was 43 (75.44%), 49
(62.82%) and 44 (66.67%), respectively (p=0.2951).
The percentage of participation in the specialty
surgeries in the different periods can be observed in
Table I.

The prescribed antimicrobial for the prevention of SSI
was considered adequate in most cases and there was
no difference in the evaluated periods (Table II). The use
of the correct antimicrobial occurred in 37 (74.00%),
46 (77.97%) and 38 (79.17%) of cases in Periods I, II
and III, respectively (p=0.8135). These percentages are
different in general surgery and orthopaedic trauma
(Table III). The prolonged use of the antimicrobial for
the prevention was the main inadequacy found. The
time of use was separately evaluated in periods I, II
and III for the two surgical specialties (Table IV). After
it was restricted, the consumption of cefazolin was
reduced by 35.7%, from 5,424 phials in 2007, to 4,016
in 2008. In 2009 the number of bottles consumed was
3,488 (p<0.0001).

Table I. Number of surgeries evaluated according to clinical specialties, in periods I, II and III
I
n (%)

II
n (%)

III
n (%)

General Surgery

22 (38.60)

55 (70.51)

36 (54.55)

Orthopaedic Trauma Surgery

35 (61.40)

23 (29.49)

30 (45.45)

57 (100)

78 (100)

66 (100)

I
n (%)

II
n (%)

III
n (%)

51 (89.47)

63 (80.77)

55 (83.33)

50 (87.72)

59 (75.64)

48 (72.73)

1 (1.75)

4 (5.13)

7 (10.60)

6 (10.53)

15 (19.23)

11 (16.67)

It was indicated but not prescribed

4 (7.02)

9 (11.54)

2 (3.03)

It was not indicated but was prescribed

2 (3.51)

6 (7.69)

9 (13.64)

Total

57 (100)

78 (100)

66 (100)

Clinical Specialty Wards

Total
p=0.0010

Table II. Adequate use of prophylactic antimicrobials in Periods I, II and III
Use of the antimicrobial
CORRECT
It was indicated and prescribed

a

It was not indicated and not prescribeda
INAPPROPRIATE

Note. aCorrect in 89.47%, 80.77% and 83.33% of the cases in Periods I, II and III, respectively (p =0.3858).
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Table III. Adequate choice of the prophylactic antimicrobial prescribed in General Surgery and
Orthopaedic Trauma in periods I, II and III
Adequate antimicrobial
General Surgerya
Orthopaedic Trauma

I
n (%)

II
n (%)

III
n (%)

p value
n (%)

03 (20.0)
34 (97.1)

23 (63.9)
23 (100)

16 (61.5)
22 (100)

0.011
0.5215

Note. aPeriods I and II, p=0.0108; I and III, p=0.0248; II and III, p=0.9384.

Table IV. Time of permanence of the prophylactic antimicrobial in General Surgery and Orthopaedic Trauma in
periods I, II and III.
I
n (%)

II
n (%)

III
n (%)

p value
n (%)

2(11.76)

28(66.67)

20(68.97)

0.0002

10(28.57)

2(8.70)

27(96.43)

0.0001

12(23)

30(46.15)

47(82.46)

0.0000

Adequate permanence time
General Surgerya
Orthopaedic Traumab
Total
Note.

a

Periods I and II, p=0.0004; I and III, p=0.0006; II and III, p=0.9565.
Periods I and II, p=0.1345; I and III, p<0.001; II and III, p<0.0001.

b

Discussion
The adequate use of antimicrobials for the prevention
of SSI remains a global challenge. The most common
recommendations from guides and professional
consensus on this subject refer to the right choice of the
antimicrobial, administration within one hour before
surgical incision and early suspension, generally
within twenty-four hours.25,26
There is an association between the moment the
first dose of the prophylactic antibiotic and the rates
of SSI.27 The moment of the first dose was not an
evaluation target for this study. However in HC, the
administration of the first dose of the antibiotic was
already routinely applied at the same time as the
anaesthetic in the surgical centre.
There was a difference in the percentage of the
right antibiotic, and this was probably due to the
Guide. One of the traditional routine prophylaxis at
the HC included ceftriaxone. This antibiotic is not
recommended by the vast majority of guidelines nor
by many authors such as Weed,28 neither is it part of
Int J Infect Control 2015, v11:i2 doi: 10.3396/IJIC.v11i2.011.15

the routine suggested by the Guide. Other authors also
demonstrate a reduction in the inadequate prescriptions
of prophylactic antibiotics when the standardization of
the local protocol was established.12,25,29,30
According to the Surgical Care Improvement Project
and to the American Academy of Orthopedic Surgeons,
the preferred antimicrobial for patients submitted to
a total arthroplasty of the hip or knee is cefazolin or
cefuroxime.31,32 Because cefazolin was already used
in almost 100% of the cases of orthopaedic trauma in
period I, there was no possibility of its greater use with
the introduction of the Guide.
As in this study, one of the main errors found in the
prophylactic use of antimicrobials in the prevention
of SSI was its use for a greater period of time than
recommended.20,21 It has also been shown that overuse
should be avoided, since it doesn’t reduce the SSI, and
it can lead to increased bacterial resistance.33,34,35
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Just as in this study, a multi-centric study involving 13
hospitals in The Netherlands showed good adherence
to local guidelines.36 A French study of local directives
for the use of an antimicrobial in the prevention of SSI
showed an increase in correct use from 31% to 82%.31
However, Brusaferro and colleagues,37 showed a
modest increase in the correct use of the prophylactic
antimicrobial and suggested the monitoring and
the identification of critical points that can increase
adherence to protocol. In this present study, the
presence of the Guide did not guarantee the correct
use of the prophylactic antimicrobial regarding the
timeframe in orthopaedic trauma. Therefore, it is
correct to conclude that the same intervention may
have different effects on different professional team or
situations. So, scientific information about this subject
is not easily applied in practice.
The greater impact of the second intervention in the
timeframe of use of the antimicrobial in orthopaedic
trauma could have occurred due to its greater previous
incorrect use and due to the fact that, in most surgeries,
cefazolin was the antimicrobial used in prevention.7,24
The substantial reduction in the consumption of
cefazolin, from 2007 to 2009, reinforces this point.
The success of the use of kits like those of this study
was also found in other studies such as that of Carlès
et al.38 which compared the unrestricted use of the
antimicrobial in the prevention of SSI (41% correct
use) to that of the antibiotic in the kits (82% correct
use). The kits used in this way are, therefore, an
effective tool in the implementation of directives for
the use of antibiotics in the prevention of SSI. On the
other hand, educational programs, such as continued
medical education or continuous professional
development, do not always show effective change in
medical behaviour. A study conducted in Spain, with
the creation of local protocol, along with an integrated
dispensation system, also showed a significant increase
in the correct use of prevention.39
We conclude that one of the most common
nonconformities in the use of antimicrobials in the
prevention of SSI is there excessively long timeframe.
A guide made with the participation of the surgeons
along with control of the use of the antimicrobial can
improve its use. The same strategy can have very
Int J Infect Control 2015, v11:i2 doi: 10.3396/IJIC.v11i2.011.15

different results depending on the situation in which
it is used.
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