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Background and purpose — We aimed to determine 
whether an extended oral antibiotic prophylaxis protocol 
may reduce the rate of surgical site infection (SSI) in patients 
undergoing instrumented spinal fusion.

Patients and methods — This retrospective cohort 
study comprise 901 consecutive patients subjected to spinal 
fusion between September 2011 and December 2018 with 
a minimum 1-year follow-up. 368 patients operated on 
between September 2011 and August 2014 were adminis-
tered standard intravenous prophylaxis. 533 patients oper-
ated on between September 2014 and December 2018 were 
administered an extended protocol with 500 mg of oral cefu-
roxime axetil every 12 hours (clindamycin or levofloxacin 
in allergic individuals) until the removal of sutures. SSI was 
defined following the Centers for Disease Control and Pre-
vention criteria. The association between risk factors and the 
incidence of SSI was evaluated by odds ratio (OR) with a 
multiple logistic regression model.

Results — The bivariate analysis showed a statistically 
significant association between SSI and the type of prophy-
laxis used (“extended”’ = 1.7% vs. “standard” = 6.2%, p= 
0.001), with a lower proportion of superficial SSIs with the 
extended regimen (0.8% vs. 4.1%, p = 0.001). The multiple 
logistic regression model showed an OR = 0.25 (95% confi-
dence interval [CI] 0.10–0.53) for extended prophylaxis and 
an OR = 3.5 (CI 1.3–8.1) for non-beta-lactams antibiotics.

Conclusion — Extended antibiotic prophylaxis seems to 
be associated with a reduction in the incidence of superficial 
SSI in instrumented spine surgery.

The last few decades have seen an increase in spinal fusion 
surgery across the world combined with a reduction in non-
instrumented procedures (1,2). Instrumented spinal fusion is 
associated with a risk of surgical site infection (SSI) 2 or even 
3 times higher than that of non-instrumented procedures, with 
rates ranging between 1.4% and 13%, depending on the type 
of surgery (3). Therefore, its prevention is a priority for any 
spine surgeon. In this respect, systemic antimicrobial prophy-
laxis (SAP) has been shown to be an effective tool (4).

Regarding the duration of SAP, the general consensus 
favors single-dose antibiotic regimens or no longer than 24 
hours postoperatively (5). For spine surgery, the North Ameri-
can Spine Society (NASS) guidelines recommend a single 
preoperative dose and as many intraoperative doses as may 
be required for uncomplicated procedures, although they rec-
ommend considering alternative prophylactic regimens for 
patients with comorbidities or undergoing complex surgery 
(6). But, despite these recommendations, some surgeons con-
tinue to administer antibiotics in the postoperative days.

Extended SAP could result in acute renal failure or pseu-
domembranous colitis and aggravate the problem of antibi-
otic resistance, which has been estimated to cause 10 million 
deaths and $100 billion in increased costs by 2050 (7,8).

The primary aim of our study is to determine whether the 
extended oral antibiotic prophylaxis (EOAP) protocol reduced 
the SSI rate among patients undergoing instrumented spinal 
fusion. The secondary aim included identifying other risk fac-
tors for SSI, and relating the prophylactic regimen to length of 
stay, readmissions in the first month, and death.
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Patients and methods
Patients
A retrospective review was carried out of a cohort of 901 
patients subjected to instrumented spine surgery between 
September 2011 and December 2018 at surgical ward D of 
the Navarre Hospital Complex (Pamplona, Spain). All the 
patients were included in the hospital’s database by means of 
a prospective and consecutive sampling process; patients were 
not randomized according to the type of prophylaxis received. 
STROBE guidelines were followed to report this study.

Antibiotic prophylaxis protocols
Patients operated on between September 2011 and August 
2014 (standard SAP [S-SAP] group) received an intravenous 
prophylaxis protocol consisting of administration of 2 g IV 
cefazolin 30 minutes preoperatively, any required additional 
doses during the procedure, and 1 g IV cefazolin every 8 hours 
until removal of the surgical drainage (24 hours after the pro-
cedure when drainage was < 200 mL or, otherwise, within the 
first 48 hours). Required additional dosages were given every 
3 hours or when a blood loss of 1,500 mL was estimated. 
Patients with allergy to beta-lactams received alternative anti-
biotics with 600 mg IV clindamycin 30 minutes before the 
procedure, with any required intraoperative doses, and a sub-
sequent 300 mg IV clindamycin every 8 hours until removal 
of the surgical drain.

Patients operated on between September 2014 and Decem-
ber 2018 (extended oral SAP group [EOAP]) received the pro-
tocol described above with the addition of 500 mg oral cefu-
roxime axetil every 12 hours until removal of the sutures from 
the surgical wound. Those patients in the EOAP group with 
allergy to beta-lactams were given the perioperative regimen 
with 600 mg IV clindamycin extended with 300 mg oral every 
8 hours, or 750 mg IV levofloxacin extended with 750 mg oral 
every 24 hours. 

There was no intentional variation between the groups with 
respect to surgical technique, surgical team, preoperative dis-
infection protocol, surgical site preparation, or postoperative 
wound care. Every patient was followed up for at least 1 year. 

SSI definition, variables analyzed and exclusions
SSI subtypes (superficial, deep, and organ-space [O-S]) were 
defined according to the surveillance definitions for specific 
types of infections established by the Centers for Disease Con-
trol and Prevention (CDC) (9): (i) purulent drainage from a 
superficial incision (skin and subcutaneous tissue), deep layers 
(subfascial muscles and soft tissues), or organ-space (O-S) 
layers (intervertebral disc, epidural space, or implant infec-
tion); (ii) organism identification by culture from an asepti-
cally obtained fluid or tissue; (iii) incision that spontaneously 
dehisces or is deliberately opened by a surgeon or physician, 
and the patient has at least 1 of the following: localized pain or 

tenderness, localized inflammation (heat, erythema, and swell-
ing), or fever (> 38°C); and (iv) evidence of abscess on images 
or surgical revision. Implant-related infection was confirmed 
following the criteria of the International Consensus Meeting 
on Surgical Site and Periprosthetic Joint Infection (10).

Apart from the type of prophylaxis used (S-SAP vs. EOAP) 
and the type of SSI (superficial, deep, or O-S), the follow-
ing patient-dependent variables were gathered: age, sex, anes-
thetic risk according to the American Society of Anesthesiolo-
gists (ASA score), diabetes mellitus (DM), body mass index 
(BMI) and obesity (BMI > 30), immunosuppression, smoking, 
and use of non-beta-lactam antibiotics. The surgery-dependent 
variables analyzed were: diagnosis (deformities of any kind, 
degenerative conditions [excluding deformities] and trauma), 
duration of surgery (DoS) in minutes and greater than 75th 
percentile (DoS > p75), type of bone graft used (allograft, 
autograft, or demineralized bone matrix [DBM]), number of 
levels, short fusion (1–2 levels), region (cervical, thoracic, 
thoracolumbar, lumbar), use of sacral or iliac screws, reop-
eration, and durotomy. Finally, the following postoperative 
variables were analyzed: duration of EOAP in days, length 
of hospital stay in days, readmission within 30 days from dis-
charge, and death.

Exclusion criteria were spine surgery without implants, 
having been admitted to the intensive care unit (ICU) after 
surgery, having received topical vancomycin, having received 
an antibiotic prophylaxis other than S-SAP or EOAP men-
tioned above, and having an active infection either in the spine 
or in another region. Those patients with multiple traumata 
requiring surgery at other levels with additional prophylaxis, 
those aged under 14 years, and those with an American Anes-
thesiology Association (ASA) score of IV or higher were not 
included in the database as they were operated on in a differ-
ent surgical ward.

Statistics
Descriptive analyses were conducted using frequency distri-
butions for categorical variables and central tendency mea-
sures for quantitative variables. Non-adjusted comparisons 
of categorical variables were performed using Pearson’s chi-
square test when ≤ 20% of expected cell counts were < 5, or 
Fisher’s non-parametric exact test if > 20% of expected cell 
counts were < 5 (immunosuppression, iliac screws, durotomy, 
readmission, and death). Continuous variables were analyzed 
by means of Student’s t-test (duration of EOAP, DoS in min-
utes, BMI, and number of levels) or the Mann–Whitney U-test 
(length of stay).

A multiple logistic regression model was designed to obtain 
adjusted odds ratios (OR) with 95% confidence intervals (CIs) 
as estimations of the effect of the SAP regimens on SSI. More-
over, the adjusted number needed to treat (NNT) was calculated 
from the adjusted OR and the mean risk of unexposed persons 
estimated by means of logistic regression (OR approach) (11), 
using an online calculator (12). Given the observational nature 
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of the study, the variables included in the model were selected 
based on an analysis of the cause–effect relations between 
them using directed acyclic graphs (DAG) and the DAGitty.
net software to facilitate estimation of cause–effect relations, 
comparison of hypotheses, and statistical analysis (13,14). Fol-
lowing application of this method, the variables identified as 
confounders were use of non-beta-lactam antibiotics and BMI 
as both were related to the exposure and the outcome vari-
ables. Model fit was assessed by calibration with the Hosmer–
Lemeshow test, and discrimination with Statistic C. 

The statistical analyses were carried out with the R statisti-
cal software, version 4.0.3 (R Foundation for Statistical Com-
puting, Vienna, Austria). Statistical significance was set at an 
alpha value of 0.05.

Ethics, funding, data sharing, and potential conflicts 
of interest
This study was approved by the Navarra Research Ethics 
Committee (approval reference PI_2019/128). The patient 
consent for data collection and surgery was obtained and 
protected in the registry. This study did not receive any form 
of grants or funding. Due to privacy regulation, the original 

data cannot be shared. Anonymized summary tables can be 
shared on reasonable request. The authors declare no conflict 
of interest. Completed disclosure forms for this article follow-
ing the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.9409 

Results
Baseline data
After exclusions, data from a total of 901 patients was col-
lected with 553 in the EOAP group and 368 in the S-SAP 
group (Figure 1). Missing values existed in ASA score (n = 
17), diabetes (n = 16), smoking (n = 10), and obesity (n = 2). 
As these values represented < 5% of the cases, a complete 
record analysis was used.

Significant differences between the groups were found with 
respect to some surgery-related characteristics (Table 1, see 
Appendix). Patients in the EOAP group had undergone more 
deformity-related procedures than those in the S-SAP group 
(16% vs. 12%, p = 0.02). In relation to this, those patients in 
the EOAP group had the highest number of iliac screws (8% 
vs. 2%, p = 0.001), more non-infection-related reoperations 
(35% vs. 24%, p = 0.001), and received allograft more fre-
quently (41% vs. 2%, p < 0.001).

Regarding the length of the procedure, surgery exceeded the 
75th percentile of time (set at 250 minutes in our sample) in 
30% of patients in the S-SAP group versus 23% of those in the 

Patients subjected to instrumented spine surgery
between September 2011 and December 2018
Navarre Hospital Complex, Pamplona, Spain

n = 909 

Excluded September 2011 to August 2014 (n = 3):
– admitted to the ICU, 1
– surgery without implants, 2

Excluded September 2014 to December 2018 (n = 5):
– admitted to the ICU, 1
– surgery without implants, 1
– received other antbiotic prophylaxis, 2
– bone graft from contamineted donor, 1

Included in the analysis (n = 901):
– standard antibiotic prophylaxis, 368 
  (September 2011 to August 2014)
– extended antbiotic prophylaxis, 533
  (September 2014 to December 2018)

Figure 1. Flowchart of patients undergoing instrumented spine surger-
ies who were excluded or included in the study analysis.

Table 2. Study of the association between the type of antibiotic pro-
phylaxis regimen (EOAP vs. S-SAP) and the presence of SSI and its 
subtypes. Values are count (%) 

  Total EOAP S-SAP
SSI n = 901 n = 533 n = 368 p-value

Overall 32 (3.6) 9 (1.7) 23 (6.2) 0.001
Superficial	 19	(2.1)	 4	(0.8)	 15	(4.1)	 0.001
Deep/organ-space 13 (1.4) 5 (0.9) 8 (2.2) 0.2

For abbreviations, see Table 1.

Table 3. Number of patients and proportion of superficial or deep/O-S SSIs by type of antibiotics and type of 
prophylaxis regimen received. Values are count (%)

  EOAP S-SAP
  n = 533 n =  368

	 Cefazoline	IV	+	 Clindamycine	IV	+	 Levofloxacin	IV	+	 	
	 cefuroxime	oral	 clindamycine	oral	 levofloxacin	oral
 500 mg/12 h 300 mg/8 h 750 mg/24 h Cefazoline IV Clindamycine IV
SSI n = 491 n = 20 n = 19 n = 337 n = 31

Superficial	 3	(0.6)	 0	 1		 11	(3.3)	 4	
Deep/organ-space 3 (0.6) 1 1   8 (2.4) 0

IV = intravenous. For other abbreviations, see Table 1.
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EOAP group. However, the mean DoS difference between the 
groups was only 9 minutes (p = 0.04).

Regarding the postoperative variables, the duration of 
extended antibiotic prophylaxis was 7.9 days (SD 3.0). In 
addition, patients in the EOAP group had a lower proportion 
of readmissions in the first month (0.2% vs. 2.2%, p = 0.004) 
(Table 4). 

Primary outcome
Patients in the EOAP group developed a significantly lower 
overall proportion of SSI than those in the S-SAP group (1.7% 
vs. 6.2%, p = 0.001). The differences were found mainly in 

lactam antibiotics and the presence of SSI. In the group of 32 
patients diagnosed with SSI, 7 received non-beta-lactam antibi-
otics, compared with the group of 869 patients without SSI of 
whom only 66 received this type of drugs (p = 0.01) (Table 2).

The presence of SSI was associated with longer hospital 
stays and a higher proportion of readmissions during the first 
month postoperatively (Table 4).

The analysis of the cause–effect association between type 
of prophylaxis, SSI, and the minimum set of confounders to 
be controlled was based on a DAG (Figure 2). After adjusting 
for confounders, BMI and use of non-beta-lactam antibiotics 
(Figure 3), the model showed that EOAP protocol was associ-
ated with a lower SSI risk with an OR = 0.25 (CI 0.10–0.53). 
In the EAOP group, the adjusted NNT to avoid a case of SSI 
was 22 patients (CI 19–39). The use of non-beta-lactams was 
an independent risk factor associated with SSI, with an OR = 
3.5 (CI 1.3 – 8.1) (Table 5). 

Discussion

We found a significant association between extending SAP 
into the postoperative days and a lower proportion of SSI due 
to reduction in superficial but not deep infections. 

Table 4. Postoperative period characteristics and analysis of associations between covariates, pro-
phylaxis regimen received and presence of SSI. Values are count (%) unless otherwise specified

  Total EOAP S-SAP No SSI SSI
Factor n = 901 n = 533 n = 368 n = 869 n = 32

Days of EOAP, mean (SD) 7.9 (3.0) 7.9 (3.0) N/A 7.8 (3.0) 10.9 (4.6)
Days of hospital stay, median (IQR) a 10 (3) 10 (3) 10 (4) 10 (3)    22 (20)
Readmissions at 30 days a, b 9 (1.0) 1 (0.2) 8 (2.2) 6 (0.7)      3 
Death  2 (0.2) 0  2 (0.5) 2 (0.2)      0 

a Statistically	significant	difference	between	patients	who	suffered	SSI	and	those	who	did	not	
  (p-value < 0.001).
b Statistically	significant	difference	between	EOAP	and	S-SAP	groups	(p-value	=	0.004).
IQR = interquartile range. For other abbreviations, see Table 1.

Table 5. Estimation of the effect of the exposure (EOAP) on out-
come (SSI) adjusted for confounders

 Odds ratio (95% CI) NNT (95% CI)

Body mass index 1.04 (0.96–1.12)   
Non-beta-lactam antibiotics 3.5   (1.3–8.1)   
EOAP 0.25 (0.10–0.53)  22 (19–36)

C statistic = 0.7. Hosmer-Lemeshow Hg, c2 = 7.8, df = 8, p = 0.5
CI	=	confidence	interval,	NNT	=	number	needed	to	treat,	EAOP	=	
Extended oral antibiotic prophylaxis group.

patients with superficial SSI (0.8% 
vs. 4.1%, p = 0.001) rather than 
those with deep or organ-space 
infections (0.9% vs. 2.2%, p = 0.2) 
(Table 2). 

Secondary outcomes
The number and proportion of 
patients with SSI according to the 
type of prophylaxis received (stan-
dard vs. extended), and whether 
beta-lactams were administered, is 
given in Table 3. We found an asso-
ciation between the use of non-beta-
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Figure 2. Directed acyclic graph (DAG) describing the potential cause–
effect association between the extended antimicrobial prophylaxis 
(AMP), the surgical site infection (SSI), and the rest of the variables 
in the model. Confounders and biased relationships are shown in red.

Figure 3. Directed acyclic graph (DAG) describing the total effect of the 
extended antimicrobial prophylaxis (AMP) on the surgical site infection 
(SSI) after adjusting for confounders (shown in white).



Acta Orthopaedica 2023; 94: 80–86  84

Our results contrast with current evidence as very few 
authors have found extended prophylactic regimens to be ben-
eficial in spine surgery. Maciejczak et al., for example, found 
a significant 3.6% reduction in the SSI rate in patients under-
going instrumented spine surgery who were administered 
extended intravenous SAP for 72 hours (15). However, their 
results do not coincide with those of other authors (16), who 
did not find any differences with a similar regimen.

In a randomized study, Hellbusch et al. compared a group 
of patients who received a single dose of IV cefazolin with 
a group that received IV cefazolin for 3 days supplemented 
with an oral dose of oral cefalexin every 6 hours for 7 days. 
Although the SSI rate fell from 4.3% to 1.7% with the 
extended prophylactic regimen, the difference did not reach 
statistical significance (17). Although the regimen proposed 
by Hellbusch et al. was similar to that investigated in our 
study, those authors only evaluated 233 patients. Our study 
analyzed a larger number of patients and obtained a statisti-
cally significant difference.

Another study, by Warren et al., studied the proportion of 
patients undergoing spinal fusion who were kept on oral SAP 
following hospital discharge (18). This study found that the 
most commonly administered antibiotics following discharge 
were ciprofloxacin, trimethoprim/sulfamethoxazole, and 
cefalexin. These authors did not find any significant differ-
ences in the SSI rate between the patients who received stan-
dard and extended prophylaxis. 

In our study, there were no patient- or surgery-related char-
acteristics that led to a change in the SAP regimen adminis-
tered, thus avoiding selection biases. Despite this, given that 
administration of the drug was not adjusted for bodyweight, 
the same antibiotic dose could have had different effects in 
patients with different BMIs. In addition, those patients aller-
gic to beta-lactams had to receive alternative antibiotics. 
These were therefore the confounders for which the multivari-
ate model was adjusted. 

In terms of risk factors, our study confirmed the findings 
of previous studies with regard to the fact that the prophy-
lactic effect of beta-lactams is superior to that of other drugs 
(19). In relation to this, we should also mention that, in our 
health area, the overall percentage of gram-positive and gram-
negative bacterial strains that are sensitive to clindamycin and 
levofloxacin ranges from 60% to 80% (20). 

All other classical risk factors (21), both patient- and sur-
gery-dependent, did not appear to be related to SSI. Diabetes 
mellitus, although on the verge of statistical significance, did 
not show any association either, which could be attributable 
to the perioperative patient optimization usually performed 
in our hospital, as all those who are going to receive spinal 
instrumentation are previously evaluated in consultation with 
the Internal Medicine service.

Strengths
It must be noted that the groups were comparable in terms of 

patient characteristics, although surgeries in the EOAP group 
were more complex (more deformity surgeries, more reopera-
tions, iliac screws…), which would seem to reinforce the asso-
ciation observed between a lower SSI risk and the extended 
prophylaxis regimen. However, surgeries in the EOAP group 
had a mean duration of 9 minutes less, which seems insig-
nificant, but could reflect a greater experience or focus of the 
surgical team that could be relevant to infection. On the other 
hand, both groups were also comparable in terms of postop-
erative surgical wound care, and all followed the same sterile 
gauze dressing policy on the inpatient ward.

Another strength of our study is the large size of the sample 
analyzed, although, without a previous sample size calcula-
tion, 901 patients are a sufficient sample to detect a reduc-
tion, between comparable groups, of approximately 4% (from 
6.2% to 1.7%) in the incidence of SSI. Nevertheless, as our 
results are contrary to the latest published evidence (22), it is 
paramount to consider the study’s potential limitations. 

Limitations
The most evident of these is the observational retrospective 
design and the failure to randomize patients according to the 
type of antimicrobial prophylaxis (AMP) regimen adminis-
tered. In addition to the above, the number of patients with SSI 
was low, which limited the number of covariates that could 
be included in the multivariate model. Moreover, although a 
DAG may help decide what variables to include in the analy-
sis, it is still an oversimplification of reality (23), which ham-
pers the accuracy of the predictions made by the model as the 
causes of SSI tend to be multifactorial. In fact, even if small 
imbalances in the variables classically related to infection 
were not significant, they could have affected the SSI rate of 
the study. In addition, some variables that have not been taken 
into consideration may have influenced the SSI rate, such as 
the surgeons’ technical skill, the number of staff members 
available, the exact time at which the first antibiotic dose was 
administered (5) or the implementation of care bundles, which 
have been shown to significantly reduce the SSI rate as well as 
the costs associated with spine surgery (24).

It should be noted that the infection rate in the S-SAP group 
(6.2%) was higher than the pooled rate published in recent 
meta-analyses (4.4%) (3), so it is possible that strategies such 
as ours may be more effective when the baseline infection rate 
is high. However, we believe it is necessary to apply infec-
tion control strategies such as controlling the patient’s modi-
fiable risk factors, ensuring administration of the antibiotic 
within 1 hour before surgery, implementing hygiene measures 
and preoperative bathing with chlorhexidine gluconate and 
hemostasis, controlling operating room traffic, and maintain-
ing normothermia and oxygen therapy among other options 
(25,26) before introducing any changes to the SAP regimen. 
Acting simultaneously on multiple risk factors may indeed be 
effective in reducing the SSI rate and preventing complica-
tions associated with antibiotic overuse such as acute renal 
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failure, pseudomembranous colitis, microbial resistance (8), 
and increased health care costs (7).

Conclusion
In conclusion, the SSI rate obtained in our study for patients 
who received an extended oral prophylactic regimen during 
the early postoperative period was lower than that obtained in 
those who received the usual intravenous regimen. This differ-
ence was mainly due to a lower proportion of superficial SSI 
but not deep infection. To expand the existing evidence base, 
further, larger-scale studies are needed, which should random-
ize patients according to the type of prophylaxis received. 

MMG, IOM, JGD, and JIAC contributed to the data collection. All authors 
contributed to the study design and interpretation of the results. JLL con-
tributed to the statistical analyses. MMG wrote the initial manuscript and all 
authors revised and approved the manuscript. 
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Appendix

Table 1. Patient and surgery characteristics and analysis of associations between 
covariates, prophylaxis regimen received and presence of SSI. Values are count (%) 
unless otherwise specified

  Total EOAP S-SAP No SSI SSI
Factor n = 901 n = 533 n = 368 n = 869 n = 32 p-value

Age, mean (SD) 54.5 (14) 54.6 (14) 54.3 (14) 54.5 (14) 55.2 (12)
Women 457 (51) 275 (52) 182 (49) 440 (51) 17 
ASA score
 I 279 (31) 154 (29) 125 (34) 273 (31) 6
 II 468 (52) 273 (51) 195 (53) 448 (52) 20
 > II 137 (15) 92 (17) 45 (12) 131 (15) 6 
 Missing 17 (1.9) 14 (2.6) 3 (0.8) 17 (2.0) 0
Diabetes  112 (12) 60 (11) 52 (14) 104 (12) 8
 Missing 16 (1.7) 14 (2.6) 2 (0.5) 16 (1.8)  0
BMI, mean (SD) 27.9 (4.7) 28.0 (4.9) 27.7 (4.6) 27.8 (4.7) 28.6 (4.5)
Obesity 306 (34) 192 (36)  114 (31) 294 (34) 12  
 Missing 2 (0.2) 1 (0.1) 1 (0.2) 2 (0.2)  0
Immunodepression 14 (1.5) 10 (1.8) 4 (1.0) 13 (1.5) 1 
Smoking 351 (39) 205 (38) 146 (40) 338 (39) 13
 Missing 10 (1.1) 5 (0.9) 5 (1.3) 9 (1.0)  1 
Non-beta-lactam 
 antibiotics  73 (8.8) 42 (7.9) 31 (8.4) 66 (7.6) 7 0.01 a
Diagnosis       0.02 b
 Deformity 129 (14) 85 (16) 44 (12) 127 (15) 2
 Degenerative 765 (85) 447 (84) 318 (86) 735 (85) 30
 Trauma 7 (0.8) 1 (0.2) 6 (1.6) 7 (0.8) 0
DoS minutes, 
 mean (SD)  218 (69) 215 (74) 224(61) 218 (69) 221 (78) 0.04 b
DoS > Tp75  236 (26) 124 (23) 112 (30) 226 (26) 10 0.02 b
 Missing 12 (1.3) 6 (1.1) 6 (1.6) 11 (1.2)  1 
Graft       < 0.001 b
 Allograft 225 (25) 218 (41) 7 (1.9) 221 (25) 4
 Autograft 241 (27) 97 (18) 144 (39) 232 (27) 9
 DBM 434 (48) 218 (41) 217 (59) 416 (48) 19 
No. levels, 
 mean (SD) 2.7 (2.7) 2.9 (3.0) 2.5 (2.0) 2.7 (2.7) 2.8 (2.6)
Short	fixation		 620	(69)	 372	(70)	 248	(67)	 601	(69)	 19	
Region
 Cervical 50 (5.5) 26 (4.9) 24 (6.5) 50 (5.8) 0
 Thoracic 10 (1.1) 6 (1.1) 4 (1.0) 10 (1.1) 0
 Toracolumbar 80 (8.9) 58 (11) 22 (6.0) 79 (9.1) 1
 Lumbar 761 (84) 443 (83) 318 (86) 730 (84) 31 
Sacral screws 468 (52) 281 (53) 187 (51) 452 (52) 16
Iliac screws  52 (5.7) 43 (8.0) 9 (2.4) 50 (5.7) 2 < 0.001 b 
Reoperation  271 (30) 184 (35) 87 (24) 263 (30) 8 < 0.001 b 
Durotomy 58 (6.4) 41 (7.7) 17 (4.6) 56 (6.4) 2 

a Statistically	significant	difference	between	patients	who	suffered	SSI	and	those	
   who did not.
b Statistically	significant	difference	between	EOAP	and	S-SAP	groups.
Since missing data represented < 5% of the cases, a complete record analysis was used.
EAOP = extended oral antibiotic prophylaxis group, S-SAP = standard systemic antibiotic 
prophylaxis, SSI = surgical site infection, SD = standard deviation, ASA = American Soci-
ety of Anesthesiologists, BMI = body mass index, DoS = duration of surgery, DoS> Tp75 = 
duration of surgery greater than 75th percentile.


