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Abstract

Background: It is widely accepted that postoperative Antimicrobial Prophylaxis (AMP) is effective in reducing the
risk of surgical site infections (SSI) following spinal surgery. After publication of the Guideline for Prevention of Surgical
Site Infection by the Centers for Disease Control and Prevention in 1999, a large number of studies confirmed the
effectiveness of AMP. Due to the possible emergence of AMP resistant bacteria or appearance of side-effects, we have
treated and managed patients who underwent spinal surgery without post operative antimicrobial agents since 2003.

Purpose: To investigate the incidence of SSI in patients without administration of antibiotics after spinal
instrumentation surgery.

Subjects: A consecutive 468 patients (230 males and 238 females) were adopted in this study from November
2003 to June 2010. Mean age at the time of operation was 52.1 years. We defined this group as the non-postoperative
dose group. There were 121 patients (25.9%) who underwent instrumentation surgery. On the other hand, we defined
patients who were administered postoperative multiple doses of AMP between January 2000 and October 2003 as
the postoperative dose group. There were 340 cases, consisting of 198 males and 142 females in this group. Average
age at the time of operation was 51.3 years. There were 146 patients (42.9%) who underwent spinal instrumentation
surgery.

Methods: All patients were administered 1 g of cefazolin within 30 minutes of skin incision, and the same dose of
antimicrobial agent was added every four hours during surgery in the non-postoperative dose group. We administered
AMP before and for 7 days after surgery in the postoperative dose group.

Results: The postoperative infection rate was 1.92% (9 cases), of which 7 cases were superficial infections and
2 cases were deep infections in the non-post operative dose group. In the post operative dose group, there were 9
confirmed post operative wound infections in the 340 patients for an overall SSI rate of 2.65%. There was no significant
difference between the two groups. The incidence of SSI in patients who underwent spinal instrumentation surgery was
0.83% (one of 121 patients) in the non-postoperative dose group and 2.04% (three of 147 patients) in the postoperative
dose group. There was no significant difference between the two groups even with the use of spinal implants.

Conclusions: The duration of antimicrobial prophylaxis was not related to the SSI rate at our institution.
Postoperative administration of antibiotics appears to be unnecessary for spinal surgery even with spinal implants
when perioperative management was achieved for the patient condition and surroundings as recommended in the
CDC guidelines.

receive prophylaxis according to the guideline. After the publication
of the NASS guidelines, Kanayama et al. [13] reported the rate of
SSI was not different between single day dose administration based
on the CDC guidelines and multiple day doses of AMP in lumbar
spine surgery with or without implants. However, nowhere in the
current literature are there consistent recommendations regarding
the duration of administration of postoperative antibiotics in spine

Introduction

Postoperative surgical site infection (SSI) is a significant
complication in spine surgery because it may require a reoperation to
control local infection and to prevent septic condition. The incidence of
SSIisreported to be from less than 1% in decompressive surgery to 10%
in instrumentation surgery [1-5]. The American Centers for Disease
Control and Prevention (CDC) proposed a guideline for the prevention
of SSI in 1999 [6]. In the guideline, there were many factors that were
recommended to prevent SSI in the perioperative management. For
example, the care for the condition of the patient [7], the surgical site,
the operator [8] and the operating room [9] are all important factors in
preoperative and intraoperative management. Also, drainage [10] and
surgical site care [11] are also important as postoperative management.
Moreover, the use of anti microbial prophylaxis (AMP) has been
documented to play a significant role in reducing the rate of SSI. There
were many topic points about antibiotic prophylaxis in spine surgery
included in the North American Spine Society evidenced-based clinical
guidelines in 2007 [12]. They included efficacy, protocol, redosing,
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discontinuation, wound drains, body habitus, and comorbidities.
It was pointed out that there was poor evidence as to whether AMP
results in decreased infection rate as compared to patients who do not
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surgery with spinal implants. We should accumulate more data about
the efficacy of postoperative AMP for spine surgery with or without
implants. The purpose of this study was to investigate the incidence of
SSI prospectively in patients without administration of antibiotics after
spinal surgery, and to elucidate the efficacy of AMP in patients with
or without instrumentation surgery if perioperative management was
performed according to the CDC guidelines. It was hypothesized that
no increased infection rate would be identified in patients with spinal
surgery with implants receiving only preoperative and intraoperative
antibiotics.

Methods

Until October 2003, we administered prophylactic antibiotics
(cephazolinsodium 2000 mg/day in adults and 40 mg/kg/day in
children) intravenously for between 5 and 7 days after spine surgeries.
We did not use it in the preoperative and intraoperative periods
at that time. From November 2003, we administered prophylactic
antibiotics via intravenous drip infusion only in the preoperative
and intraoperative periods in all consecutive spinesurgeries as a
prospective study. Patients with preoperative pyogenic spondylitis and
septic wound condition were excluded in this study. A first generation
cephalosporin was administered as the first choice unless the patient
had a history of a significant allergy such as anaphylactic shock,
systemic skin eruption, or toxic liver dys function. In our protocol for
preventing SSI, preoperative antibiotics were administered within 30
minutes before skin incision, and then the surface of the surgical site
was cleanly washed using chlorhexidine in the preoperative period.
Intraoperatively, an additional dose of antibiotics was given every four
hours. If the operation was completed within 4 hours, no additional
antimicrobial agent was given in our protocol. The surgical site was
irrigated using only saline solution as often as possible during the
surgery, and finally a large amount of saline solution was used before
closing the surgical site. In the postoperative period, the surgical site was
managed with continuous negative pressure suction drainage that was
removed 48 hours after surgery. From November 2003 to March 2010,
a total of 468 patients, consisting of 230 males and 238 females were
included in this study. We defined this group as the non-postoperative
dose group. Average age at the time of operation was 52.1 + 21.6 years,
and the age distribution is shown in Table 1. Average operation time
was 179.3 £ 100.7 minutesand average blood loss was 207.2 + 359.6 ml.
Pathophysiologies included degenerative disorder in 275 cases (58.8%),
intradural tumor in 79 cases (16.9%), trauma in 47 cases (10.0%),
scoliosis in 44 cases (9.4%), and spinal tumors, which includes primary
and metastatic bone tumors of the spinal column in 23 cases (4.9%).
The main surgical region was cervical in 185 cases (39.5%), lumbar and
sacral in 177 cases (37.8%), and thoracic in 106 cases (22.7%). There
were 121 patients who underwent spinal instrumentation surgery. The
percent of those needing instrumentation was 25.9% (Table 1). On the
other hand, we defined patients who were administered postoperative
multiple doses of AMP between January 2000 and October 2003 as the
postoperative dose group. There were 340 cases, consisting of 198 males
and 142 females in this group. Average age at the time of operation was
51.3 +20.7 years, and the age distribution is shown in Table 1. Average
operation time was 231.9 + 136.4 minutes and average blood loss was
393.8 + 547.7 ml. Pathophysiologies included degenerative disorder
in 184 cases (54.1%), intradural tumor in 54 cases (15.9%), trauma
in 49 cases (14.4%), scoliosis in 28 cases (8.2%), and spinal tumor in
25 cases (7.4%). The main surgical region was cervical in 142 cases
(41.8%), thoracic in 101 cases (29.7%), and lumbar and sacral in 97
cases (28.5%). There were 146 patients (42.9%) who underwent spinal
instrumentation surgery (Table 2). The identification of SSI involves
interpretation of clinical and laboratory findings. Clinical signs include

a purulent exudate, surrounding erythema, and wound fluctuance.
Laboratory data was referenced prolonged elevation in the value of
white blood cells, C-reactive protein and erythrocytese dimentation.
Superficial SSI involves only skin or sub cutaneous tissue of the
incision. Deep SSI involves fascia and muscle layers of the incision. SSI
is defined as infection occurring within 30 days after the operation if no
implant is left in place or within 1 year if the implant is in place and the
infection appears to be related to the operation [6,14]. All subjects could
be assessed as to whether SSIs had occurred within one year in both
the non-postoperative dose group and the postoperative dose group.
We analyzed the incidence of SSI in the non-postoperative dose group
compared with the postoperative dose group. We also investigated the
incidence of SSI in patients who underwent instrumentation surgery
in both groups.

Statistical Analysis

Data input and calculation were performed with StatView, version
5.0 software (Windows XP version, Abacus Concepts, Berkeley, CA).
Comparison of age, duration of surgery and blood loss at the time

Age strata (years) Post;eg;&:oti(\z/eo)dose Non-po;:gz;r(aoz;/e dose

<20 42 (12.4) 70 (14.8)

20-29 23 (6.8) 27 (5.8)

30-39 16 (4.7) 30 (6.4)

40-49 47 (13.8) 46 (9.8)

50-59 70 (20.6) 76 (16.2)

60-69 78 (22.9) 101 (21.6)

70-79 56 (16.4) 99 (21.2)

>80 8(2.4) 19 (4.1)

Total 340 (100) 468 (100)

Table 1: Age distribution in the postoperative dose group and non-postoperative
dose group.

Postoperative dose Non-postoperative

group (n=340) dose group (n=468) P value
Age (years) 51.3 £ 20.7 52.1+21.6 P=0.603
Opzl:;fitt"‘;“(s;n) 231.9+136.4 179.3 + 100.7 P<0.001
Blood loss (ml) 393.8 + 547.7 207.2 + 359.6 P<0.001
n (%) n (%)
Sex
Men 198 (58.2%) 230 (49.1%)
Women 142 (41.8%) 238 (50.9%)
Pathophysiology
Deg;gf(;itr“’e 184 (54.1%) 275 (58.8%)

Intradural tumor 54 (15.9%) 79 (16.9%)

Trauma 49 (14.4%) 47 (10.0%)
Scoliosis 28 (8.2%) 44 (9.4%)
Spinal tumor’ 25 (7.4%) 23 (4.9%)

Surgical region™

Cervical 142 (41.8%) 185 (39.5%)
Thoracic 101 (29.7%) 106 (22.7%)
Lumbar and o o
oar ¢ 97 (28.5%) 177 (37.8%)
Instrumentation 147 (43.2%) 121 (25.9%)
surgery

‘Includes primary and metastatic tumors of the spinal column “Indicates the main
region of surgery including those requiring multiple level surgery

Table 2: Summary of patient characteristics in the postoperative dose group and
non-postoperative dose group.
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of operation between the postoperative dose group and the non-
postoperative dose group were performed using the Mann-Whitney U
test. The Fischer exact test was used for comparisons for incidence of
SSI between the two groups. P values less than 5% were considered to
be statistically significant.

Results

There were 9 confirmed postoperative wound infections, which
included superficial SSI in 7 and deep SSI in 2, of the 468 patients in
the non-postoperative dose group. Overall incidence of SSI was 1.92%.
In the postoperative dose group, there were 9 confirmed postoperative
wound infections, which included superficial SSI in 4 and deep SSI in
5, of the 340 patients for an overall SSI rate of 2.65%. There was no
significant difference between the two groups. The incidence of SSI in
patients who underwent spinal instrumentation surgery was 0.83%
(one of 121 patients) in the non-postoperative dose group and 2.04%
(three of 147 patients) in the postoperative dose group. There was no
significant difference between the two groups even with the use of
spinal implants (Table 3).

Six (66.7%) of 9 cases with SSI had comorbidities in the non-
postoperative group. There were diabetes mellitus in 4 and allergy
conditions in 2. Two cases received reoperation, and one who had drug
allergy received instrumentation surgery. There was no remarkable
data with the time of operation and blood loss. Causative bacteria were
methicillin-sensitive staphylococcus aureus in 2 cases, and coagulase-
negative staphylococci in 7 cases in the non-postoperative dose group.
There were no antimicrobial resistant bacteria detected. All 9 patients
with SSI underwent no surgeries for the wound infection, but they were
treated and cured by sensitive antimicrobial agents (Table 4).

On the other hand, 2 (22.2%) of 9 cases with SSI had comorbidities
in the postoperative group. Both of these cases had diabetes mellitus.
Four cases received spinal reoperation for multiple operative back.
There were 4 cases whose time of operation exceeded 4 hours, and 2
cases whose intraoperative blood loss were over 1000 ml. Causative
bacteria were coagulase-negative staphylococci in 4 cases, pseudomonas
aeruginosa in one case and methicillin-resistant staphylococcus aureus
in 2 cases in the postoperative dose group. No bacteria were cultured
in 2 cases in this group when clinical signs appeared. All three cases
with deep SSI were treated by surgical intervention (Table 5). Thus,
regarding the cultured organisms in SSI, resistant strains of bacteria
were detected in 2 (22.2%) of 9 patients in the postoperative dose
group, but none were detected in the non-postoperative dose group.

Discussion

SSI is a devastating complication in spine surgeries that prolongs
the duration of the hospital stay, increases medical expenditures,
and worsens the quality of life [15,16]. AMP has been the standard
management in lumbar spine surgery to prevent SSI since the report
of Horwitz and Curtin in 1975 [2]. There have been many reports that
the use of prophylactic antibiotics was effective to prevent SSI even in
other spine surgeries [17-24]. Although perioperative use of antibiotics
has been accepted as a general concept in surgical management, there
were actually few studies that demonstrated evidence of the efficacy,
protocol, redosing and discontinuation of AMP. In 2007, the North
American Spine Society (NASS) proposed evidence-based clinical
guidelines which included recommendations concerning the use
of AMP in spine surgery [12]. In these guidelines, there was enough
evidence of the efficacy of AMP to recommend intervention, including
one meta-analysis of a prospective randomized trial [25] and two
randomized controlled trials [26,27]. According to the 1999 CDC

guidelines, an antimicrobial agent was recommended to be initiated
before skin incision and the therapeutic level of the drug maintained in
both serum and tissues throughout the operation and until, at most, a
few hours after wound closure [6]. Kakimaru, et al. [28] reported that
the incidence of SSI in patients without postoperative doses of AMP
was not significantly different from that in patients with postoperative
use of AMP. They concluded that postoperative administration of
AMP appeared to be unnecessary for spinalde compression surgery
without instrumentation. Kanayama et al. [29] reported that the CDC
guideline-based AMP protocol whichwas defined as perioperative
and postoperative single doses of first-generation cephalosporin
effectively had prevented SSI in lumbar spine surgeries. They indicated
that postoperative multiple doses of AMP were notneeded and were
ineffective to prevent SSI in lumbar spine surgery with or without
spinal implants, and might increase resistant-strain bacterial infections.
In the current study with over 6 years of follow-up, we prospectively
investigated whether postoperative administration of AMP was effective
or not for consecutive cases in all spine surgeries regardless of the use
of spinal implants. Our results demonstrated that SSI rate including
superficial infection was 1.92% (9 of 468 cases) in any spinal surgeries
without pyogenic condition when perioperative management was
achieved for the patient condition or environment and surroundings
as recommended in the CDC guidelines. This rate was similar with
the data of a paper reported by Kakimaru, et al. [28]. Concerning the
duration of AMP in spinal instrumentation surgery, Wimmer et al. [30]
examined 850 spinal procedures to determine the risk factors for SSI,
and they recommended the extended use of prophylactics in posterior
instrumentation. On the other hand, Kanayama, et al. [29] reported
the rate of SSI was 0.5% (one of 182 cases) in lumbar spine surgery with
implants with the use of AMP only on the operative day. Mastronardi
et al. [21] reported that the incidence of SSI was 0.9% (9 of 972 cases)
in any spinal instrumentation surgeries with their preoperative and
intraoperative use of AMP protocol (redosing every two hours). The
NASS clinical guideline indicated that there were not any high quality
studies about postoperative redosing in the instrumentation surgery
[4,24,31]. However, these studies demonstrated that the shortening of
antibiotic administration was safe and efficacious even if they had the
limitations of being retrospective. In our study, the incidence of SSI in
patients with instrumentation surgery was only 0.83% (1 of 121 cases)
in the non-postoperative dose group. This SSI ratio was similar with the
data of the previous two papers. There was no significant difference in
the incidence of SSI between patients who had received postoperative
AMP and patients who had not received antibiotics after surgery
with or without instrumentation. This study was not strong evidence
but demonstrated that redosing may not be useful in preventing
postoperative infections.

There were overall 4 cases who suffered from SSI after spinal
surgery with implants in both groups, and three cases (75%) received
reoperation for multiple operated back. Moreover, their operations
were longer times and they had more blood loss which may affect the
higher prevalence of SSI. Although comorbidities are often discussed as
a risk factor of SSI, there was higher prevalence in cases with SSI in the

Postoperative | Non-postoperative

dose group dose group P value

Overall 2.65% (9/340) 1.92%(9/468) P=0.6303
Superficial 1.18% (4/340) 1.50% (7/468) P=0.7683

Deep 1.47% (5/340) 0.43% (2/468) P=0.1382

Without instrumentation”  3.11% (6/193) 2.31% (8/347) P=0.5814
With instrumentation 2.04% (3/147) 0.83% (1/121) P=0.6293

“Includes decompression surgery and fusion without implant surgery.

Table 3: Incidence of surgical site infections of the two groups.
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C;Ze Age(y)/Sex | Pathophysiologies Surgical Method Instrumentation ??:l;a:imo;\ LoBsIsO(():\I) Comorbidities | Type of SSI c;:;aet:i‘;e

1 15/M Tumor C3 Osteoid osteoma excision - 143 100 Skin allergy Superficial MSSA

2 27/F DD L5/S1 MED - 80 10 DM Deep CNS

3 45/F DD L4/5 Herniectomy - 130 70 None Superficial CNS

4 49/M DD C3-7 Laminoplasty - 237 300 DM Superficial CNS

5 54/M DD C3-7 Laminoplasty - 148 70 None Superficial CNS

6 56/M DD C3-7 Laminoplasty - 187 120 DM Superficial CNS

7 60/M DD L2/3 TLIF (Reoperation) + 189 176 Drug allergy Deep CNS

8 61/M DD C3-7 Laminoplasty - 165 80 DM Superficial MSSA

9 61/M Trauma C1/2 PF (Reoperation) - 260 80 None Superficial CNS
DD: Degenerative Disorder; MED: Micro Endoscopic Discectomy; TLIF: Transforaminal Lumbar Interbody Fusion; PF: Posteior Fusion; DM: Diabetes Mellitus; MSSA:

Methicillin-Sensitive Staphylococcus aureus; CNS: Coagulase-Negative Staphylococci

Table 4: Summary of the demographic data of the patients with SSI in the non-postoperative dose group.

Case . . . . Operation Blood . Causative

No Age(y)/Sex | Pathophysiologies Surgical Method Instrumentation Time (m) | Loss (ml) Comorbidities Type of SSI Bacteria

1 41/F DD L3-S1 PLF (Reoperation) + 506 1143 None Deep CNS

2 49/F DD L4/5 Herniectomy - 144 280 None Superficial ND

3 49/F Tumor L2-4 Intradural tumor resection - 360 327 DM Superficial CNS

4 51/F DD C3-7 Laminoplasty - 180 70 None Superficial ND

5 53/F Scoliosis T2-S1 PSS + 760 1175 None Deep MRSA

6 63/F DD L4/5 PLF L5/3.1 PLIF + 392 800 None Deep CNS
(Reoperation)

7 63/M DD C3-7 Laminoplasty - 255 323 None Superficial CNS

8 66/F DD C3-7 Laminoplasty - 155 100 DM Deep MRSA
(Reoperation)

9 66/F DD SD+ C3-7 Laminoplasty - 351 711 None Deep P.
(Reoperation) Aeruginosa

DD: Degenerative Disorder; PLF: Posterolateral Fusion; PSS: Posterior Scoliosis Surgery; PLIF: Posteior Lumbar Interbody Fusion; SD: Suboccipital Decompression;
DM: Diabetes Mellitus; MRSA: Methicillin-Resistant Staphylococcus aureus; CNS: Coagulase-Negative Staphylococci; P. aeruginosa: Pseudomonas aeruginosa; ND:
Not Detected

Table 5: Summary of the demographic data of the patients with SSI in the postoperative dose group.

current study. There were 6 (66.7%) of 9 cases who had comorbidities
with SSI compared with 98 (21.4%) of 459 cases without SSI in the non-
postoperative dose group (data not shown).

As a cause of SSI in the perioperative management, many factors
were reported such as the care for the condition of the patient, the
surgical site care, the operator, the operating room and so on. We believe
that it is more important to manage the general status of the patient and
perioperative environment than to administer antibiotic prophylaxis.
Because our research was acomparative study for the duration of AMP,
it may not refer to the efficacy of AMP for spinal surgeries. However,
we suggest that there may be at least poor effectiveness of antibiotic
administration after spinal operation. Our prospective research
demonstrated that postoperative administration of antibiotics might
not be effective for spinal surgeries even with spinal implants. The
current study had several limitations that must be addressed. One
criticism is related to statistical analysis. Previous prospective studies
of AMP in spine surgeries have been under powered because of their
small number of samples. If the prevalence in one sample is 1%, and
the prevalence in a second sample is 2%, over 2000 cases are needed for
a statistically significant difference if the 95% confidence intervals of
the two prevalence do not overlap [12]. Clearly, the magnitude of this
number indicates that a clinical trial is unlikely to occur. In the current
study, we evaluated the data from 468 patients, which represents one of
the biggest prospective investigations. We believe this study provides
informative data to surgeons managing spinal disorders.

Conclusions

The duration of antimicrobial prophylaxis was not related to the

SSI rate at our institution. Postoperative administration of antibiotics
appears to be unnecessary for spinal surgery even with spinal implants.

References

1. Carreon LY, Puno RM, Dimar JR, Glassman SD, Johnson JR (2003)
Perioperative complications of posterior lumbar decompression and arthrodesis
inolder adults. J Bone Joint Surg Am 85: 2089-2092.

2. Horwitz NH, Curtin JA (1975) Prophylactic antibiotics and wound
infectionsfollowing laminectomy for lumber disc herniation. J Neurosurg 43:
727-731.

3. Massie JB, Heller JG, Abitbol JJ, McPherson D, Garfin SR (1992) Postoperative
posterior spinalwound infections. Clin Orthop Relat Res 99-108.

4. Rechtine GR, Bono PL, Cahill D, Bolesta MJ, Chrin AM (2001) Postoperative
wound infection after instrumentation of thoracic and lumbar fractures. J Orthop
Trauma 15: 566-569.

5. Rohde V, Meyer B, Schaller C, Hassler WE (1998) Spondylodiscitis after lumbar
discectomy. Incidence and a proposal for prophylaxis. Spine 23: 615-620.

6. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR (1999) Guideline
for Prevention of Surgical Site Infection, 1999.Centers for Disease Control and
Prevention (CDC) Hospital Infection Control Practices Advisory Committee. Am
J Infect Control 27: 97-132.

7. Chen S, Anderson MV, Cheng WK, Montri DW (2009) Diabetes associated
withincreased surgical site infections in spinal arthrodesis. Clin Orthop Relat
Res 467: 1670-1673.

8. Moylan JA, Fitzpatrick KT, Davenport KE (1987) Reducing wound infections.
Improved gown and drape barrier performance. Arch Surg 122: 152-157.

9. Gruenberg MF, Campaner GL, Sola CA, Ortolan EG (2004) Ultraclean air
for prevention of postoperative infection after posterior spinal fusion with
instrumentation: a comparison between surgeries performed with and without a
vertical exponential filtered air-flow system 29: 2330-2234.

J Spine, an open access journal
ISSN: 2165-7939

Volume 4 « Issue 2 + 1000219


http://www.ncbi.nlm.nih.gov/pubmed/14630835
http://www.ncbi.nlm.nih.gov/pubmed/14630835
http://www.ncbi.nlm.nih.gov/pubmed/14630835
http://www.ncbi.nlm.nih.gov/pubmed/1194938
http://www.ncbi.nlm.nih.gov/pubmed/1194938
http://www.ncbi.nlm.nih.gov/pubmed/1194938
http://www.ncbi.nlm.nih.gov/pubmed/1395319
http://www.ncbi.nlm.nih.gov/pubmed/1395319
http://www.ncbi.nlm.nih.gov/pubmed/11733673
http://www.ncbi.nlm.nih.gov/pubmed/11733673
http://www.ncbi.nlm.nih.gov/pubmed/11733673
http://www.ncbi.nlm.nih.gov/pubmed/9530794
http://www.ncbi.nlm.nih.gov/pubmed/9530794
http://www.ncbi.nlm.nih.gov/pubmed/10196487
http://www.ncbi.nlm.nih.gov/pubmed/10196487
http://www.ncbi.nlm.nih.gov/pubmed/10196487
http://www.ncbi.nlm.nih.gov/pubmed/10196487
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690748/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690748/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690748/
http://www.ncbi.nlm.nih.gov/pubmed/3813865
http://www.ncbi.nlm.nih.gov/pubmed/3813865
http://www.ncbi.nlm.nih.gov/pubmed/15480149
http://www.ncbi.nlm.nih.gov/pubmed/15480149
http://www.ncbi.nlm.nih.gov/pubmed/15480149
http://www.ncbi.nlm.nih.gov/pubmed/15480149

Citation: Numasawa T, Ono A, Wada K, Yamasaki Y, Kumagai G, et al. (2015) Is Postoperative Antimicrobial Prophylaxis Needed for the Management
of Surgical Site Infection after Spinal Instrumentation Surgery? J Spine 4: 219. doi:10.4172/21657939.1000219

Page 5 of 5

10. Barker FG 2 (2002) Efficacy of prophylactic antibiotic therapy in spinalsurgery:
a meta-analysis. Neurosurgery 51: 391-400.

11. Morain WD, Colen LB (1990) Wound healing in diabetes mellitus. Clin Plast
Surg 17: 493-501.

12. Watters WC 3rd, Baisden J, Bono CM, Heggeness MH, Resnick DK, et al. (2009)
Antibiotic prophylaxis inspine surgery: an evidence-based clinical guideline for the
use of prophylactic antibiotics in spine surgery. Spine J 9: 142-146.

13. Kanayama M, Hashimoto T, Shigenobu K, Oha F, Togawa D (2007)
Effective prevention of surgical site infection using a Centers for Disease
Control andPrevention guideline-based antimicrobial prophylaxis in lumbar
spinesurgery. J Neurosurg Spine 6: 327-329.

14. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG (1992) CDC definitions
of nosocomial surgical site infections, 1992: a modification of CDC definitions of
surgical wound infections. Infect Control Hosp Epidemiol 13: 606-608.

15. Simchen E, Stein H, Sacks TG, Shapiro M, Michel J (1984) Multivariate analysisof
determinants of postoperative wound infection in orthopaedicpatients. J Hosp
Infect 5: 137-146.

16. Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ, Sexton DJ
(2002) The impact ofsurgical-site infections following orthopedic surgery at a
communityhospital and a university hospital: adverse quality of life, excess
length of stay, and extra cost. Infect Control Hosp Epidemiol 23: 183-189.

17. Christodoulou AG, Givissis P, Symeonidis PD, Karataglis D, Pournaras J (2006)
Reduction ofpostoperative spinal infections based on an etiologic protocol. Clin
Orthop Relat Res 444: 107-113.

18. Dimick JB, Lipsett PA, Kostuik JP (2000) Spine update: antimicrobial prophylaxis
in spine surgery: basic principles and recent advances 25: 2544-2548.

19. Fang A, Hu SS, Endres N, Bradford DS (2005) Risk factors for infection after
spinal surgery 30: 1460-1465.

20. Holloway KL, Smith KW, Wilberger JE Jr, Jemsek JG, Giguere GC, et al. (1996)
Antibiotic prophylaxisduring clean neurosurgery: a large, multicenter study
using cefuroxime. Clin Ther 18: 84-94.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Mastronardi L, Tatta C (2004) Intraoperative antibiotic prophylaxis in clean
spinal surgery: a retrospective analysis in a consecutive series of 973 cases.
Surg Neurol 61: 129-135.

Perry JW, Montgomerie JZ, Swank S, Gilmore DS, Maeder K (1997) Wound
infections followingspinal fusion with posterior segmental spinal instrumentation.
Clin Infect Dis 24: 558-561.

Riley LH (1998) Prophylactic antibiotics for spine surgery: description ofa
regimen and its rationale. J South Orthop Assoc 7: 212-217.

Wimmer C, Nogler M, Frischhut B (1998) Influence of antibiotics on infection
in spinal surgery: a prospective study of 110 patients. J Spinal Disord 11: 498-
500.

Dobzyniak MA, Fischgrund JS, Hankins S, Herkowitz HN (2003) Single versus
multiple dose antibiotic prophylaxis in lumbar disc surgery 28: 453-455.

Pavel A, Smith RL, Ballard A, Larson IJ (1977) Prophylactic antibiotics in
electiveorthopedic surgery: a prospective study of 1,591 cases. South Med J
1: 50-55.

Rubinstein E, Findler G, Amit P, Shaked | (1994) Perioperative prophylactic
cephazolin in spinal surgery. A double-blind placebo-controlled trial. J Bone
Joint Surg Br 76: 99-102.

Kakimaru H, Kono M, Matsusaki M, lwata A, Uchio Y (2010) Postoperative
antimicrobialprophylaxis following spinal decompression surgery: is it
necessary? J Orthop Sci 15: 305-309.

Aly R, Maibach HI (1988) Comparative antibacterial efficacy of a 2-minutesurgical
scrub with chlorhexidine gluconate, povidone-iodine, andchloroxylenol sponge-
brushes. Am J Infect Control 16: 173-177.

Wimmer C, Gluch H, Franzreb M, Ogon M (1998) Predisposing factors
forinfection in spine surgery: a survey of 850 spinal procedures. J Spinal Disord
11: 124-128.

Beiner JM, Grauer J, Kwon BK, Vaccaro AR (2003) Postoperative wound
infections of the spine. Neurosurg Focus 15: 14.

J Spine, an open access journal
ISSN: 2165-7939

Volume 4 « Issue 2 + 1000219


http://www.ncbi.nlm.nih.gov/pubmed/12182777
http://www.ncbi.nlm.nih.gov/pubmed/12182777
http://www.ncbi.nlm.nih.gov/pubmed/2199140
http://www.ncbi.nlm.nih.gov/pubmed/2199140
http://www.ncbi.nlm.nih.gov/pubmed/18619911
http://www.ncbi.nlm.nih.gov/pubmed/18619911
http://www.ncbi.nlm.nih.gov/pubmed/18619911
http://www.ncbi.nlm.nih.gov/pubmed/17436921
http://www.ncbi.nlm.nih.gov/pubmed/17436921
http://www.ncbi.nlm.nih.gov/pubmed/17436921
http://www.ncbi.nlm.nih.gov/pubmed/17436921
http://www.ncbi.nlm.nih.gov/pubmed/1334988
http://www.ncbi.nlm.nih.gov/pubmed/1334988
http://www.ncbi.nlm.nih.gov/pubmed/1334988
http://www.ncbi.nlm.nih.gov/pubmed/6205053
http://www.ncbi.nlm.nih.gov/pubmed/6205053
http://www.ncbi.nlm.nih.gov/pubmed/6205053
http://www.ncbi.nlm.nih.gov/pubmed/12002232
http://www.ncbi.nlm.nih.gov/pubmed/12002232
http://www.ncbi.nlm.nih.gov/pubmed/12002232
http://www.ncbi.nlm.nih.gov/pubmed/12002232
http://www.ncbi.nlm.nih.gov/pubmed/16523134
http://www.ncbi.nlm.nih.gov/pubmed/16523134
http://www.ncbi.nlm.nih.gov/pubmed/16523134
http://www.ncbi.nlm.nih.gov/pubmed/11013510
http://www.ncbi.nlm.nih.gov/pubmed/11013510
http://www.ncbi.nlm.nih.gov/pubmed/15959380
http://www.ncbi.nlm.nih.gov/pubmed/15959380
http://www.ncbi.nlm.nih.gov/pubmed/8851455
http://www.ncbi.nlm.nih.gov/pubmed/8851455
http://www.ncbi.nlm.nih.gov/pubmed/8851455
http://www.ncbi.nlm.nih.gov/pubmed/14751616
http://www.ncbi.nlm.nih.gov/pubmed/14751616
http://www.ncbi.nlm.nih.gov/pubmed/14751616
http://www.ncbi.nlm.nih.gov/pubmed/9145726
http://www.ncbi.nlm.nih.gov/pubmed/9145726
http://www.ncbi.nlm.nih.gov/pubmed/9145726
http://www.ncbi.nlm.nih.gov/pubmed/9781898
http://www.ncbi.nlm.nih.gov/pubmed/9781898
http://www.ncbi.nlm.nih.gov/pubmed/9884294
http://www.ncbi.nlm.nih.gov/pubmed/9884294
http://www.ncbi.nlm.nih.gov/pubmed/9884294
http://www.ncbi.nlm.nih.gov/pubmed/14595175
http://www.ncbi.nlm.nih.gov/pubmed/14595175
http://www.ncbi.nlm.nih.gov/pubmed/333606
http://www.ncbi.nlm.nih.gov/pubmed/333606
http://www.ncbi.nlm.nih.gov/pubmed/333606
http://www.ncbi.nlm.nih.gov/pubmed/8300691
http://www.ncbi.nlm.nih.gov/pubmed/8300691
http://www.ncbi.nlm.nih.gov/pubmed/8300691
http://www.ncbi.nlm.nih.gov/pubmed/20559797
http://www.ncbi.nlm.nih.gov/pubmed/20559797
http://www.ncbi.nlm.nih.gov/pubmed/20559797
http://www.ncbi.nlm.nih.gov/pubmed/3189943
http://www.ncbi.nlm.nih.gov/pubmed/3189943
http://www.ncbi.nlm.nih.gov/pubmed/3189943
http://www.ncbi.nlm.nih.gov/pubmed/9588468
http://www.ncbi.nlm.nih.gov/pubmed/9588468
http://www.ncbi.nlm.nih.gov/pubmed/9588468
http://www.ncbi.nlm.nih.gov/pubmed/15347232
http://www.ncbi.nlm.nih.gov/pubmed/15347232

	Title
	Corresponding author
	Abstract
	Introduction
	Methods
	Statistical Analysis 
	Results
	Discussion
	Conclusions
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References

