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Abstract – Study design: Complete audit cycle. Introduction: To highlight the unjustified overuse of perioperative
antibiotics in clean non-instrumented lumbar spinal surgeries. To convince orthopedic surgeons in a methodological
way of local field comparison between common practice on the use of perioperative antibiotics prophylaxis (PAP)
in clean non-instrumented lumbar spinal surgeries and the ideal practice according to “The guidelines published by
North American Spine Society (NASS)”. Methods: A complete audit cycle had been done. One hundred and eight
patients underwent clean non-instrumented lumbar spinal surgeries in a tertiary spine center, during the period from
the 1st of April to the 31st of June 2017 (primary audit period) and during the period from the 8th of May to the
21st of November 2018 (re-audit period). Group I: audit group (n = 54) was given the usual regimen (IV first-
generation cephalosporin for 1–6 days, followed by oral antibiotics, till the removal of stitches) and Group II: re-audit
group (n = 54) received only the IV antibiotics for one day). The study protocol was approved by our institution’s
Ethical Committee (17100582). Results: This study showed a wide gap between international standards and local
prescribing practices and calls for multiple interventions to improve our practice. Out of the 108 patients, only one
case (1.85%) developed surgical site infection (SSI) in the audit group (Group I). The difference in infection rates
between the two groups was statistically insignificant. Conclusion: A single-day postoperative dose of antibiotics
effectively prevents postoperative wound infection following non-instrumented lumbar spinal surgery and is not
associated with a higher infection rate.

Key words: Antibiotic prophylaxis, Lumbar spinal surgeries, Surgical site infection, First-generation cephalosporin,
Clinical audit.

Introduction

The use of antibiotics for surgical prophylaxis is a standard
of care and an important component of all procedures [1].
Surgical antibiotics prophylaxis (SAP) can be defined as “a
brief course of an antimicrobial agent initiated before an
operation begins in order to reduce intraoperative microbial
contamination to a level that will not overpower host defense
and lead to infection” [2].

Surgical site infection (SSI) is classified as follows: Super-
ficial incisional, deep incisional, and organ/space [3]. The rate
of infection for lumbar discectomy has been reported to be
<1% [4], while the rate of infection for non-instrumented
fusions has been reported to range from less than 1 up to 5%
[5]. For SAP, the current consensus is that antibiotic administra-
tion should be started within 30–60 min before skin incision
[6]. The current guidelines also suggest that postoperative

antibiotics should be discontinued within 24 h after spine
surgery [7]. Furthermore, it has been recently proved that
prolonged use of antibiotics is often associated with increasing
antimicrobial resistance, toxicity and unnecessary cost, and
even higher incidence of post-operative infection [8].

In the absence of strict hospital/country guidelines on
antibiotic prescription, the authors have observed inconsistency
and common overuse of both intravenous (IV) and oral antibi-
otics extending up to 14 days postoperatively, often with the
use of antibiotics combination, both in the Spine Unit of their
tertiary care hospital and among colleagues in private practice
all over the country. This unjustified overuse is multifactorial.
It may be related to the clinician, the procedure, or the patient.
For clinicians, it is difficult to shift from the old unsupported
practices to the new evidence-based prescriptions. Also, the
non-prescription purchase is unregulated in many countries that
make antibiotics available to the public cheaply and in large
amounts [9–12]. The rationale behind this was common sense
that our patients’ hygiene is less than the international stan-
dards at which the standard guidelines had been made. Thus,
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we probably need more antibiotics to further reducing the
incidence of postoperative infection or at least getting up to
the standards.

In a Cochrane meta-analysis, persuasive interventions to
reduce exposure of patients to antibiotics were as effective as
restrictive interventions after six months [9]. This work aimed
to perform a professional persuasive intervention in form of
clinical audit as a method of antibiotic stewardship in surgical
antibiotic prophylaxis. The study aimed at convincing orthope-
dic surgeons that they had wrong believes in a methodological
way of head-to-head local field comparison between common
practice on the use of perioperative antibiotics prophylaxis
(PAP) in clean non-instrumented lumbar spinal surgeries and
the ideal practice according to “The guidelines [7] published
by North American Spine Society (NASS)”.

Material and methods

This prospective complete audit cycle involved all patients
who underwent non-instrumented lumbar spinal surgeries in the
Spine Unit of the Orthopaedic and Trauma Surgery Department
of Assiut University, Egypt. The study protocol was approved
by the Assiut Medical School Ethical Committee (#17100582).
All study participants signed informed consent. We had
excluded patients with known hypersensitivity to antibiotics,
concomitant steroid therapy, concomitant systemic infection,
and immunocompromised patients and those who refused to
participate in this audit. Routine erythrocytic sedimentation rate
(ESR) and C-reactive protein (CRP) were done for all patients
to exclude hidden infections.

Step 1 (measuring current practice)

We collect data of 54 patients during the period from the 1st
of April to the 31st of June 2017 (Figure 1). In a specially
designed audit sheet, we prospectively collect the following
data; demographics, intraoperative details, and postoperative
antibiotic use. Additionally, the following variables were
recorded: gender; age in years; admission, surgery and discharge
dates; body mass index; the presence of co-morbidities, and
surgical procedures.

Operative data were included; details of the surgical proce-
dure, spinal level, operative time, estimated blood loss (EBL),
and intraoperative complications. For patients who received
prophylactic antibiotics in the operating room, the following
parameters were recorded: type, time (minutes from the inci-
sion), and dose of preoperative antibiotics, the aforementioned
parameters were also registered for patients who were given
antibiotics postoperatively in addition to the duration of its use.

SSI was defined according to the modified CDC (Centers
for Disease Control) definitions [13].

Step 2: We compared our practice with the standard

practice NASS (Figure 1)

NASS guideline recommendations were used in this study
because it was the most recent available international guideline
on the use of PAP in non-instrumented lumbar spinal surgeries

at the time of study beginning. Agreements and disparities
regarding the type of antibiotics, timing, doses, administration
route, and duration were identified (Table 1).

Step 3: Identify the gap between the actual

and standard practice (Figure 1)

And set recommendations to fill this gap. Gaps could be
identified regarding the prolonged use of intravenous and oral
administration, use of third and fourth-generation antibiotics,
and the use of antibiotic combinations. The main disparity
was the absence of an institutional standard for perioperative
antibiotic prophylaxis in spinal surgery.

Step 4: Implementation of changes (Figure 1)

Through several discussion sessions with the Head of Spine
Unit, staff members, fellows, and residents as well as the Head
of the Orthopaedic and Trauma Surgery Department, all the
disparities between the common local practice and the interna-
tional guidelines were presented and discussed in detail. The
agreement was made on changing the local SAP protocol and
strict adherence by all staff members and spine fellows to the
newly implemented local SAP protocol. We also disseminate
the new protocol to all our staff, anesthetic team, and residents
by a pamphlet for the updated guidelines in addition to a Poster
that fitted at the entrance of the operation theater.

This protocol included intravenous administration of a first-
generation cephalosporin 30–60 min before surgical incision. In
longer procedures, another dose was given after 3 h. Antibiotic
was discontinued 24 h postoperatively.

Step 5: Re-audit (Figure 1)

After about a year later (8th May to the 21st of November
2018) we used the same data collection sheet to collect another
54 patients: All the above data were prospectively recorded on
the data collection form. Close observation and monitoring of
all operations by one of the researchers (MH) to ensure strict
adherence to the SAP protocol. He also monitors antibiotic
administration in the postoperative ward and with the patients
after discharge from the hospital. Three follow-up visits were
scheduled: After two weeks (early postoperative) for suture
removal and check of the surgical wound, after one month
and after three months (late postoperative) for checking of the
surgical wound and searching for any evidence of SSI.

The effect of implemented changes on the outcomes was
then evaluated. We compared the preoperative, intraopera-
tive, and postoperative data of the patients in pre-and post-
implementation of SAP protocol. Our primary outcome was
the incidence of postoperative infections (Figure 1).

Demographics of the audit and re-audit groups

A total of 108 patients were included in this audit. The
demographic characteristics of the patients are shown in
(Table 2). The mean age of our patients was 43.2 (23–80)
and 43.76 (20–70) years in Groups I (audit) and II (re-audit);
respectively. No statistically significant differences were found
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Table 1. Disparities between the current practice and the NASS recommendations.

Research question NASS 2013 recommendations Current practice
A. Efficacy
For patients undergoing spine surgery,

does antibiotic prophylaxis result in
decreased infection rates?

Preoperative prophylactic antibiotics are
suggested to decrease infection rates in patients
undergoing spine surgery.

Prophylactic antibiotics were
given to patients undergoing
spine surgeries.

Grade of recommendation: B
For a typical, uncomplicated lumbar laminotomy

and discectomy, a single preoperative dose of
antibiotics is suggested to decrease the risk of
infection and/or discitis.

A single preoperative dose is not
the current practice. Prolonged
use >48 h was the common
practice.

Grade of recommendation: B
For patients undergoing spine surgery

without spinal implants, does
antibiotic prophylaxis result in
decreased infection rates?

Prophylactic antibiotics are suggested to decrease
the rate of spinal infections following un-
instrumented lumbar spinal surgery.

Agree

Grade of recommendation: B
B. Protocol
For patients receiving antibiotic

prophylaxis prior to spine surgery
without spinal implants, what are the
recommended drugs, their dosages,
and time of administration resulting
in decreased postoperative infection
rates?

Preoperative antibiotic prophylaxis is suggested to
decrease infection rates in patients undergoing
spine surgery without spinal implants. In these
typical, uncomplicated spinal procedures, the
superiority of one agent, dose, or route of
administration over any other has not been
demonstrated. When determining the
appropriate drug choice, the patient’s risk
factors, allergies, length and complexity of the
procedure, and issues of antibiotic resistance
should be considered.

Tendency to use third-generation
cephalosporins or combination
of antibiotics.

Grade of recommendation: B
C. Redosing
For patients receiving antibiotic

prophylaxis prior to spine surgery,
what are the intraoperative redosing
recommendations for the
recommended drugs (including
dosages and time of administration)
resulting in decreased postoperative
infection rates?

Consensus statement: Intraoperative redosing
within 3–4 h may be considered to maintain
therapeutic antibiotic levels throughout the
procedure. The superiority of one drug has not
been demonstrated in the literature. When
determining the appropriate drug choice, the
patient’s risk factors, allergies, length and
complexity of the procedure, and issues of
antibiotic resistance should be considered.

Agree

D. Discontinuation
For patients receiving antibiotic

prophylaxis prior to spine surgery,
does discontinuation of prophylaxis
at 24 h result in decreased, or
increased postoperative infection
rates as compared to longer periods
of administration?

For typical, uncomplicated cases, a single dose of
preoperative prophylactic antibiotics with
intraoperative redosing as needed is suggested
to decrease the risk of SSI.

Prolonged postoperative
regimens up to 14 days is the
common practice.

Grade of recommendation: B
Prolonged postoperative regimens may be

considered in complex situations (i.e., trauma,
cord injury, neuromuscular disease, diabetes, or
other co-morbidities).

Grade of recommendation: C
E. Body habitus
For patients receiving antibiotic

prophylaxis prior to spine surgery,
should the recommended protocol
differ based upon body habitus (e.g.,
body mass index)?

Obese patients are at higher risk for postoperative
infection when given a standardized dose of
antibiotic prophylaxis.

Prolonged regimen in obese
patients is the common
practice.

Despite this conclusion, there is insufficient
evidence to make a recommendation for or
against recommending a different protocol for
patients based upon body habitus.

Grade of recommendation: I (insufficient
evidence)
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among the two groups concerning gender, age, smoking habits,
and comorbidities, but the body mass index (BMI) was
significantly higher in the audit group (P = 0.001). Of these
108 surgeries, open discectomy, decompression, and (decom-
pression and discectomy) were performed in 77 (71.3%),
17 (15.7%), and 14 (13%) cases respectively. The average post-
operative hospital stay was 3.33 (1–8) and 2.04 (2–3) days in
Groups I and II; respectively (Figure 1).

All patients during the audit period were given 1 gm
parenteral antibiotic prophylaxis starting 30 min before surgery,
using first-generation cephalosporin. This is in complete
accordance with the current guidelines [14]. However, there
was obvious overuse of postoperative prophylactic antibiotics
in the form of extended duration, the use of the antibiotic com-
bination, as well as the frequent use of second-generation
cephalosporins. The duration of IV antibiotics was extended
beyond 24 h postoperatively up to six days in some cases. This
was followed by oral antibiotics up to two weeks postopera-
tively in all patients (until removal of sutures). The type of
antibiotic was also not strictly defined nor consistent; so,
variation between first, second-generation cephalosporins and
Amoxicillin–clavulanic acid was used.

Results

Following identification of the gaps between the locally
used protocols and the international guidelines, the authors
performed intensive discussion and agreement with all stake-
holders in our department. We could change the local SAP pro-
tocol and strictly adhere to using postoperative first-generation
cephalosporins prophylactic antibiotics for one day and to
discharge all patients out of hospital immediately afterwards
(Figure 2). The total hospital stay duration was significantly
shorter in group II than in group I (Figure 3).

Out of the 54 patients who underwent clean non-instrumen-
ted lumbar spinal surgeries during the audit period (Group I),

39 cases had lumbar discectomy, 8 cases had lumbar decom-
pression, and 7 cases had lumbar discectomy and decompres-
sion. SSI was detected during follow-up period, which
extended to three months in only one case (1.85%).

Out of the 54 patients who underwent clean non-
instrumented lumbar spinal surgeries during the re-audit period
(Group II), 38 cases had lumbar discectomy, 9 cases had
lumbar decompression, and 7 cases had lumbar discectomy
and decompression. No single case of SSI was detected during
the follow-up period, which extended to three months.

All patients during the re-audit period were given 1 gm
parenteral antibiotic prophylaxis starting 30 min before surgery,
using first-generation cephalosporin, which was continued for
only 24 h postoperatively and all patients were discharged from
the hospital on the second day (Figure 3). Two cases were
excluded from the re-audit group because they received antibi-
otics for other concomitant reasons (upper respiratory tract
infection).

There were no intraoperative complications reported in both
groups.

Discussion

SSIs are the most reported type of hospital-acquired infec-
tions [12]. Antibiotic stewardship programs are gaining wide
acceptance and play important restrictive and persuasive roles
to limit overuse of antimicrobials [9, 12, 15]. Published meta-
analyses reported no evidence for the additional benefit of
prolonged use of antibiotic surgical prophylaxis [9, 16, 17].

This work summarized an audit cycle that convinced
orthopedic surgeons in our local setting that obeying the stan-
dard guidelines of restricted antibiotic use will not affect the
outcomes in clean non-instrumented lumbar spinal surgeries
and the ideal practice. This prospective complete audit cycle
succeeded to identify the gap, improve local awareness, imple-
ment change, and re-audit that change in practice with excellent
outcomes.

International guidelines support the use of narrow-spectrum
antibiotics for surgical prophylaxis, first-generation cephalos-
porins are the most widely accepted choice in spinal surgery
because it is active against staphylococcal species which are
the most common causative pathogens for postoperative infec-
tions [2, 18].

A first-generation cephalosporin is relatively nontoxic and
inexpensive, and it provides good soft tissue and bone penetra-
tion. Also, first-generation cephalosporin has been proved to be
more cost-beneficial compared with other wide-spectrum antibi-
otics such as Ampicillin–sulbactam [19]. The audit results
showed that the combination (Amoxicillin–Clavulanic acid)
was commonly used in our center for prophylaxis.

The current rapid recovery and fast track trends in lumbar
disc surgery enhance discharge to home the day of surgery or
on the first postoperative day [20–22]. At our institution,
patients undergoing lumbar discectomy were given a single
preoperative dose of prophylactic antibiotics directed against
gram-positive organisms. Antibiotics were administered
approximately 30 min before the surgical starting time. How-
ever clinical studies comparing the single preoperative dose

Figure 1. Audit cycle. Step by step discerption of our audit process.
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with the multiple postoperative doses failed to show any statis-
tical difference [17, 23]. According to the Centre for Disease
Control and Prevention (CDC) guidelines, the SAP period is
changed to the day of surgery only [4, 24].

Dimick et al. [25] reported that patients should receive the
antibiotic within 30 min before skin incision and that antimicro-
bial prophylaxis (AP) should not be continued longer than 24 h
perioperatively, in another study Kim et al. [26] reported that
the effectiveness of 48 h antimicrobial treatment was compared
with that of 72 h dosage and it was recommended that AP for
48 h is as effective as that for 72 h. Dobzyniak et al. [4]
reported that no difference in the rate of infection between
patients receiving preoperative antibiotics alone versus those
receiving preoperative followed by postoperative antibiotics.

However, a recent study [23] concluded that for instrumented
spinal surgery, a 72-h antibiotic administration was associated
with significantly less incidence of SSI.

There were 103 patients (95.4%) with BMI less than 30 and
5 patients (4.6%) with BMI more than 30 with no SSI. This
confirms reports from Rihn et al. [27], Ahmed et al. [28], and
Gepstein et al. [29] that obese patients undergoing lumbar dis-
cectomy, lumbar decompression, and surgical procedures for
lumbar disc herniation achieve similar benefits to non-obese
patients.

However, Klemenscics et al. [30] reported significantly
increased risk of SSI was associated with BMI higher than
28 kg/m2. Bono et al. [31] found that there is a significant

Figure 2. Post-operative hospital stay (complete days). Group I:
audit group, Group II: re-audit group. Figure 3. Duration of postoperative antibiotics (complete days).

Group I: audit group, Group II: re-audit group.

Table 2. Characteristics of study participants in the audit and re-audit period.

Group I Group II P-value

Audit group (N = 54) Re-audit group
(N = 54)

N % N %
Gender
Male 37 68.5 42 77.8 0.278
Female 17 31.5 12 22.2

Age: (years)
Mean ± SD 43.20 ± 12.13 43.76 ± 11.94 0.811
Range 23.0–80.0 20.0–70.0

Occupation
Employee 23 42.6 24 44.4 0.846
Unemployed 31 57.4 30 55.6

Smoking
Smoker 24 44.4 19 35.2 0.326
Non-smoker 30 55.6 35 64.8

BMI
Mean ± SD 24.45 ± 3.37 22.55 ± 2.19 0.001*
Range 19.0–32.4 19.0–28.0

Surgery
Discectomy (n = 77) 39 38 0.965
Decompression (n = 17) 8 9
Decompression + discectomy (n = 14) 7 7

Group I: audit group, Group II: re-audit group.
* Statistically significant p value.
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increase in complications, specifically infection and surgical
complications, in patients with BMI � 35 following lumbar
spine surgery, with that rate further increasing with BMI � 40.

In Egypt, SAP is used for prolonged duration and in 2011 a
study discussed the inappropriate antibiotic use in 18 hospitals
in Egypt and found that the most common indication for antibi-
otic use, observed in 38.4% of antibiotic prescriptions, was
surgical prophylaxis, prolonging the duration of antibiotic pro-
phylaxis and selecting a broad-spectrum agent for prophylaxis
were practices commonly used to reduce the risk of SSIs and
other healthcare-associated infections in the post-operative per-
iod [32]. A definite local protocol for SAP is unfortunately
unavailable.

This study highlighted a common hidden problem in a lim-
ited resources country. The authors believe that this unjustified
and extended use of perioperative antibiotics in spinal surgeries
is more common than what has been reported, and involves all
kinds of clean surgeries, not only in their institute/country but
also in many other countries. This work also should that contin-
uous audit of our practice is an important way to change wrong
beliefs and improvement of practice. Furthermore, it calls upon
some similar national and international audits to rectify the
perioperative use of antibiotics and other areas of malpractice.

In conclusion, a single-day postoperative dose of antibiotics
effectively prevents postoperative wound infection following
non-instrumented lumbar spinal surgery and is not associated
with a higher infection rate. This unnecessary hidden malprac-
tice of long antibiotic use should be abandoned for this
indication.
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