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Intraoperative Fraction of Inspired Oxygen Is a
Modifiable Risk Factor for Surgical Site Infection after
Spinal Surgery
Lisa L. Maragakis, M.D., M.P.H.,* Sara E. Cosgrove, M.D., M.S.,* Elizabeth A. Martinez, M.D., M.H.S.,†
Margaret G. Tucker, B.S.,‡ David B. Cohen, M.D., M.P.H.,§ Trish M. Perl, M.D., M.Sc.��

Background: Surgical site infections (SSI) after spinal surgery
increase morbidity, mortality, length of hospital stay, and costs.
Most previously identified risk factors for these infections, such
as severity of illness and procedure duration, are not amenable
to intervention. This study sought to identify modifiable risk
factors associated with SSI after spinal surgery.

Methods: This is a case-control study including case identifi-
cation and review of medical records. A total of 104 patients
with SSI after spinal surgery were compared to 104 randomly
selected control patients without SSI after spinal surgery in a
926-bed tertiary care hospital in Baltimore, Maryland, between
April 1, 2001 and December 31, 2004.

Results: Multivariate analysis identified independent risk
factors for SSI after spinal surgery including prolonged proce-
dure duration (odds ratio [OR], 4.7; 95% confidence interval
[95% CI], 1.6–14; P < 0.001), American Society of Anesthesiol-
ogists score of 3 or greater (OR, 9.7; 95% CI, 3.7–25; P < 0.001),
lumbar-sacral operative level (OR, 2.9; 95% CI, 1.2–7.1; P �
0.02), posterior approach (OR, 3.5; 95% CI, 1.2–9.7; P � 0.02),
instrumentation (OR, 2.5; 95% CI, 1.1–6.0; P � 0.03), obesity
(OR, 4.0; 94% CI, 1.6–10; P < 0.01), razor shaving before surgery
(OR, 3.6; 95% CI, 1.2–11; P � 0.02), and intraoperative admin-
istered fraction of inspired oxygen of less than 50% (OR, 12;
94% CI, 4.5–33; P < 0.001).

Conclusions: In addition to previously reported risk factors,
this study identified intraoperative administered fraction of
inspired oxygen of less than 50% as an independent, modifiable
risk factor for SSI after spinal surgery. Intraoperative adminis-
tration of at least 50% fraction of inspired oxygen should be
tested prospectively as an intervention to prevent SSI after
spinal surgery.

SURGICAL site infections (SSI) are the second most com-
mon cause of healthcare-associated infection in the
United States,1 and they lead to increased morbidity,
mortality, length of hospital stay, and healthcare
costs.2–4 Overall, patients who develop SSI are twice as

likely to die and 60% more likely to spend time in the
intensive care unit.2 The Centers for Disease Control and
Prevention (CDC) National Healthcare Safety Network (for-
merly the National Nosocomial Infection Surveillance sys-
tem) reports rates of between 0.72 and 4.1 SSI per 100
laminectomy or spinal fusion procedures.5 SSI after lami-
nectomy or spinal fusion has been found to prolong total
hospital stay by a median of 2 weeks per patient and
increase healthcare costs more than 300%.6 These infec-
tions can lead to significant morbidity, readmission to the
hospital, and additional surgeries, sometimes requiring the
removal of implanted spinal hardware.7–9

The National Healthcare Safety Network risk index, a
composite score calculated from the American Society of
Anesthesiologists (ASA) score, duration of surgery, and
wound class, is predictive of SSI for a variety of surgeries,
including laminectomy and spinal fusion.10 However, com-
pared with other surgical procedures, relatively little is
known about specific risk factors for SSI after spinal sur-
gery. Especially lacking is knowledge of risk factors that are
modifiable or amenable to intervention. Previous studies
have identified a range of potential risk factors, including
postoperative incontinence, previous spinal surgery, tumor
resection, dural tear with use of glue, surgical level, use of
morphine nerve paste, posterior operative approach,
instrumentation, obesity, and duration of the proce-
dure. However, these studies include relatively small
numbers of patients, there is little agreement among
results, and most identified risk factors are not ame-
nable to intervention but rather reflect the patient’s
underlying severity of illness or the complexity of the
required surgical intervention.3,4,8,11–18

Studies of other types of surgical procedures suggest
that modifiable risk factors including the fraction of
administered oxygen, glucose control, and maintenance
of patients’ normothermia are associated with SSI.19–27

Two recent studies found that diabetes or elevated peri-
operative glucose levels were associated with SSI after
spinal surgery.17,18 To our knowledge, no published
studies have examined the role of maintenance of nor-
mothermia or fraction of administered oxygen as risk
factors for SSI after spinal surgery.

We performed a retrospective case control study to
investigate whether modifiable risk factors such as glu-
cose control, intraoperative temperature regulation, and
intraoperative oxygenation are significantly associated
with SSI after spinal surgery so that interventions might
be designed to reduce the risk of these infections.19–25
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Materials and Methods

Setting
The Johns Hopkins Hospital is a 926-bed tertiary care

university-affiliated medical center in Baltimore, Mary-
land. Surgeons in the Departments of Neurosurgery and
Orthopedics perform approximately 1,100 laminectomy
and spinal fusion procedures each year. Since April
2001, trained infection control practitioners in the De-
partment of Hospital Epidemiology and Infection Con-
trol have conducted active SSI surveillance by reviewing
the medical records of all patients after laminectomy and
spinal fusion procedures and using CDC definitions for
SSI.28 Quarterly SSI rates are calculated by dividing the
number of SSIs by the number of procedures performed
and are compared to national benchmark rates from the
National Healthcare Safety Network.

Case-Control Study
The population of patients who had laminectomy, spi-

nal fusion, or both performed during the study period
was identified by query of the hospital administrative
database for International Classification of Diseases,
Ninth Revision, Clinical Modification procedure codes
for laminectomy (03.02 and 03.09), discectomy (80.50
and 80.51), or spinal arthrodesis (81.00 to 81.09). Case
patients were defined as any patient aged 18 yr or older
who met the CDC National Healthcare Safety Network
criteria for SSI after spinal surgery performed between
April 1, 2001 and December 31, 2004. Case patients
were identified by infection control practitioners during
routine SSI surveillance, which consists of review of the
medical records of all patients at least 90 days after a
laminectomy or spinal fusion procedure, as defined by
the procedure codes listed above. CDC definitions of
nosocomial SSI require the following criteria.28 For su-
perficial incisional SSI, the infection must involve skin
and/or subcutaneous tissue, occur within 30 days after
the operative procedure, and have at least one of the
following: purulent drainage from the incision, organ-
isms isolated from an aseptic culture of the incisional
fluid or tissue, an incision that is deliberately opened by
the surgeon when the patient has signs or symptoms of
infection such as pain, erythema, or edema (unless the
culture is negative), or the diagnosis of a superficial
incisional SSI made by the surgeon or attending physi-
cian. Deep incisional SSI must involve muscle or fascia,
occur within 30 days after the operative procedure if
there is no implant and within 1 yr if an implant is in
place, and have at least one of the following: purulent
drainage from the deep incision, spontaneous dehis-
cence or deliberate opening of the incision by a surgeon
when the patient has fever or localized pain (unless the
culture is negative), an abscess in the deep incision, or
the diagnosis of a deep incisional SSI made by the sur-
geon or attending physician. Organ Space SSI is defined

as infection involving any organ or organ space opened
or manipulated during the procedure, occurring within
30 days after the operative procedure if there is no
implant and within 1 yr if an implant is in place, and with
at least one of the following: purulent drainage from a
drain placed in the organ space, organisms isolated from
an aseptic culture of the organ space fluid or tissue, an
abscess in the organ space, or the diagnosis of an organ
space SSI made by the surgeon or attending physician.

Patients with superficial, deep or organ space infec-
tions were included in the study. Patients with evidence
of infection noted at the time of their first spinal surgery
at our institution were excluded from the study. Con-
trols were randomly selected from the list of patients
without SSI who underwent spinal surgery during the
study period. Proportion matching by year was em-
ployed to ensure that similar percentages of cases and
controls had spinal surgery in each year of the study to
control for unmeasured changes in practice, personnel,
or environment during the study period. The ratio of
controls to cases was 1:1. Cases and controls were not
matched on any criteria.

Data were collected from the medical record and re-
corded on a standardized data collection form. Demo-
graphic data included age, gender, and race. Data regard-
ing the patients’ medical history and severity of illness
included tobacco use, preoperative albumin, Karnofsky
performance scale,29 McCabe disease severity score,30

history of diabetes, hypertension, human immunodefi-
ciency virus, malignancy, pulmonary disease (including
both obstructive and restrictive lung disease), renal dis-
ease (including both end-stage renal disease requiring
hemodialysis and chronic renal insufficiency), or cardiac
disease (defined as clinical history of cardiac arrhythmia,
myocardial infarction, heart failure, valvular abnormali-
ties, or significant cardiac atherosclerotic disease), pre-
vious spinal surgery, recent trauma, chemotherapy, or
radiation, obesity (defined as obesity noted in the med-
ical record), preoperative paralysis, spinal cord compres-
sion, preoperative urinary tract infection, and ASA score.
Operative risk factor data included perioperative ste-
roids, perioperative blood transfusion, perioperative in-
continence, perioperative glucose, urgency of surgery,
surgical service, skin antisepsis, hair removal, operative
approach, prophylactic antimicrobial administration,
spinal level of surgery, instrumentation, duration of pro-
cedure, estimated blood loss, dural tear, dural patch with
glue, lowest intraoperative temperature, lowest intraop-
erative oxygen saturation, intraoperative fraction of in-
spired oxygen (FIO2) administered for the longest time
during surgery, intraoperative fraction of inspired ni-
trous oxide administered for the longest time during
surgery, intraoperative average fluid infusion rate (de-
fined as the sum of all intraoperative infused fluids and
blood products minus estimated blood loss and urine
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output divided by the procedure duration), postopera-
tive cerebrospinal fluid leak, and postoperative drains.

The Institutional Review Board at The Johns Hopkins
University approved the study and granted a Health
Insurance Portability and Accountability Act waiver of
informed consent.

Statistical Analysis
Fisher exact test and the chi-square test were em-

ployed to calculate odds ratios, 95% confidence inter-
vals, and P values. We used the Wilcoxon rank sum test
to compare group medians. With � � 0.05, the study
had 90% or higher power to detect an absolute differ-
ence of 20% or higher between controls and cases,
assuming a control proportion of 0.10. Missing values
were handled by the listwise deletion method by disre-
garding observations with one or more missing values
for the relevant variables in each analysis. All variables
with P � 0.10 on univariate analysis were eligible for
inclusion in the multivariable model. Variables with cells
of fewer than 10 patients were not included or reported
since the effect of these variables could not be accu-
rately estimated. When multiple variables were available
to assess the same construct (e.g., we measured severity
of illness with several variables, including ASA score,
number of comorbidities, McCabe score, and Karnofsky
score), only one of these was included in the multivari-
able model. Once a final list of variables was con-
structed, stepwise, forward logistic regression was per-
formed with thresholds of P � 0.10 and P � 0.05 to
examine the relationship between SSI and potential risk
factors. Interaction terms were used to assess for effect
modification. Variance inflation factors were used to
assess for evidence of collinearity. The final multivariate
model was tested for goodness of fit with the Hosmer
and Lemeshow test. All tests were two-tailed. All statis-
tical analyses were performed with Stata software (ver-
sion 8; StataCorp, College Station, TX).

Results

During the study period, 3,894 laminectomy and spinal
fusion procedures were performed at our institution.
One hundred four patients developed SSI, for an overall
infection rate of 2.67 per 100 procedures. Fifty-three
(51%) of the infections were classified as deep incisional,
10 (10%) as organ space, and 41 (39%) as superficial
incisional. Missing data for study patients included race
(n � 1), ASA score (n � 1), smoking history (n � 3),
Karnofsky and McCabe scores (n � 14), preoperative
albumin (n � 84), intraoperative temperature (n � 7),
administered fraction of inspired nitrous oxide (n � 10),
average intraoperative infusion rate (n � 9), and periop-
erative glucose (n � 16). The mean age of subjects in the
study was 55.3 yr (range, 19 to 88 yr). Patients who

developed SSI were significantly older than control pa-
tients, but they did not differ significantly from control
patients with respect to gender, race, or smoking status
(table 1). Univariate analysis showed that obese patients
and those with cardiac disease were significantly more
likely to develop SSI, as were patients with an ASA score
of 3 or more and those with a Karnofsky Performance
Scale of 60 or below. Routine antimicrobial prophylaxis
of 1–2 g of intravenous cefazolin was administered to
171 study patients; 8 patients received vancomycin, and
29 patients received clindamycin. The majority of pa-
tients received antimicrobial prophylaxis within 60 min
before surgical incision, and cases and controls did not
differ significantly with regard to this variable (table 1).
Patients with a perioperative glucose measurement
greater than 126 mg/dl were significantly more likely to
develop SSI than patients without an elevated glucose
measurement (table 1). When analyzed according to the
time of the elevated glucose measurement, only postop-
erative glucose measurements performed in the 48 h
after surgery accounted for the difference between case
and control patients.

Other significant risk factors on univariate analysis
included a history of previous spinal surgery, emergent
or urgent indications for surgery, duration of procedure
greater than the 75th percentile, instrumentation, lum-
bar-sacral level of surgery, posterior approach, dural
tear, postoperative cerebrospinal fluid leak, and periop-
erative blood transfusion (table 1). Intraoperative admin-
istration of a FIO2 less than 50% for the majority of time
during the procedure and exposure to razor shaving before
surgery were also significantly associated with developing
SSI. The distribution of intraoperative administered FIO2

among case and control patients is depicted in figure 1.
Medical records did not contain any notation to explain
why patients received higher or lower amounts of FIO2

during surgery. There was no association between SSI and
the fraction of inspired nitrous oxide or the rate of volume
infusion administered during surgery.

Multivariate analysis identified independent risk fac-
tors for SSI, including duration of procedure greater than
the 75th percentile, ASA score, lumbar-sacral operative
level, posterior surgical approach, instrumentation, obe-
sity, exposure to razor shaving, and intraoperative ad-
ministration of a FIO2 less than 50% (table 2). The final
multivariate model included 99 case patients and 98
control patients. Five case patients and 6 control patients
were excluded from the analysis due to missing data
(ASA score [n � 1], administered FIO2 [n � 2]) or be-
cause they had surgery by both the anterior and poste-
rior approaches (n � 8). Interaction testing did not
reveal interactions between variables, with the excep-
tion of a potential interaction between obesity and the
intraoperative administered FIO2 (P � 0.052 for the mul-
tiplicative interaction term). Administration of FIO2 less
than 50% had the strongest association with SSI, with an
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adjusted odds ratio of 12 after controlling for the other
variables in the model. The final model passed the Hos-
mer-Lemeshow goodness-of-fit test, chi-square (9 de-
grees of freedom) P � 0.79.

Discussion

This is the largest study to date designed to examine
risk factors for SSI after spinal surgery. The study ana-

lyzed a wide variety of risk factors, including those that
were previously identified, clinically plausible, and po-
tentially modifiable.

We found that the intraoperative administered FIO2

was a significant, independent, and modifiable risk factor
for SSI after spinal surgery. Patients who received less
than 50% FIO2 during surgery were at significantly higher
risk of developing a SSI. Administered FIO2 remained a
strong independent risk factor after adjusting for other

Table 1. Selected Unadjusted Risk Factors for SSI after Spinal Surgery

Patient Characteristic/Risk Factor Cases (n � 104)* Controls (n � 104)* Unadjusted OR (95% CI) P Value

Median age, years (SD) 59.4 (15.8) 50.6 (14.0) 0.04
Female gender 53 (51%) 54 (52%) 0.96 (0.56–1.7) 0.89
European descent 90 (87%) 80 (77%) 1.9 (0.93–4.0) 0.08
Smoking 21/101 (21%) 25 (24%) 0.84 (0.41–1.7) 0.63
Diabetes 17 (16%) 11 (11%) 1.7 (0.73–3.7) 0.23
Cardiac disease 29 (28%) 13 (13%) 2.7 (1.3–5.6) � 0.01
Obesity 46 (44%) 18 (17%) 3.8 (2.0–7.2) � 0.001
ASA score � 3 75 (72%) 31 (30%) 6.0 (3.3–11) � 0.001
Karnofsky score � 60 49 (47%) 26 (25%) 2.6 (1.4–4.9) � 0.01
Previous spinal surgery 72 (69%) 46 (44%) 2.8 (1.6–5.0) � 0.001
Emergent/urgent surgery 10 (10%) 1 (1%) 11(1.4–87) 0.02
Razor shaving before surgery 27 (26%) 14 (13%) 2.3 (1.1–4.6) 0.03
Antimicrobial prophylaxis within 1 h before surgery 87(84%) 75 (72%) 0.45 (0.11–1.7) 0.25
Intraoperative nitrous oxide administration† 61/99 (62%) 78/99 (79%) 0.88 (0.49–1.6) 0.66
FIO2 � 50%† 70 (68%) 35 (34%) 4.1 (2.3–7.4) � 0.001
Perioperative glucose � 126 mg/dl 82/98 (84%) 58/94 (62%) 3.2 (1.6–6.3) 0.001
Mean lowest intraoperative temperature, °C (SD) [range] 35.5 (0.75) [34.0–38.5] 35.4 (0.77) [33.1–37.1] 0.33
Mean intraoperative infusion rate, ml/min (SD) [range] 14.3 (6.5) [–4.3 to 41.5] 13.6 (5.5) [1.1–33.8] 0.37
Procedure duration � 75th percentile‡ 40 (38%) 13 (13%) 4.4 (2.2–8.8) � 0.001
Instrumentation 79 (76%) 55 (53%) 2.8 (1.6–5.1) 0.001
Lumbar-sacral level of surgery 79 (76%) 56 (54%) 2.6 (1.4–4.9) � 0.001
Posterior surgical approach 87 (87%) 62 (62%) 4.1 (2.0–8.3) � 0.001
Dural tear 22 (21%) 11 (11%) 2.3 (1.0–5.0) 0.04
Postoperative CSF leak 12 (12%) 3 (3%) 4.4 (1.2–16) 0.03
Transfusion§ 67 (64%) 22 (21%) 6.7 (3.6–13) � 0.001

* Denominator is 104 patients unless another value is noted within the table. † Administered for the majority of the intraoperative period. ‡ 75th percentile
duration of procedure for the study patients was 352 minutes. § Transfusion given preoperatively, intraoperatively, or postoperatively.

ASA � American Society of Anesthesiologists; CI � confidence interval; CSF � cerebral spinal fluid; FIO2 � fraction of inspired oxygen; OR � odds ratio;
SD � standard deviation.

Fig. 1. Box plot depicting the intraopera-
tive fraction of inspired oxygen adminis-
tered to control patients and case pa-
tients. Boxes, horizontal lines, whiskers,
and dots represent the interquartile
range, median, range of nonoutlying
points, and outlying points, respectively.
For case patients, the median line over-
lies the bottom of the shaded box.
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variables in the multivariate analysis. The effect was seen
whether FIO2 was analyzed as a continuous or categorical
variable, and administered FIO2 had the strongest associ-
ation with SSI of any variable in this study. The associa-
tion between supplemental oxygen and SSI risk has been
studied previously for other types of surgery. In colorec-
tal surgery, three randomized controlled trials found that
the administration of supplemental oxygen at 80% FIO2

during surgery and for several hours after surgery signif-
icantly reduced the risk of SSI compared to patients who
received 30% FIO2.20,26,27 Another randomized con-
trolled trial by Pryor et al. reported the opposite result
for patients undergoing a variety of abdominal surger-
ies.31 The association between supplemental oxygen
and SSI is biologically plausible because oxygen is vital to
oxidative processes used for bacterial killing in leuko-
cytes.32 Studies show that the perioperative tissue oxy-
gen tension is associated with risk of SSI.21,33 To our
knowledge, supplemental oxygen during surgery has not
been widely implemented as an intervention to lower SSI
rates. Our data suggest that such an intervention, which
is relatively simple to implement at little cost, has the
potential to substantially reduce patients’ risk of SSI after
spinal surgery.

Administration of nitrous oxide limits the inspired ox-
ygen concentration that can be administered during sur-
gery, and the gas has several properties to suggest that it
may be associated with inhibition of wound healing and
wound infections.34,35 Myles et al. found that nitrous
oxide administration increased overall complications, in-
cluding wound infection, after major surgery.34 How-
ever, the inspired oxygen concentrations varied signifi-
cantly, and it was impossible to conclude whether the
observed effect was due to nitrous oxide, oxygen, or
other factors. In a recent randomized control trial,
Fleischmann et al. found that nitrous oxide did not
increase the incidence of surgical wound infection.35

Similarly, in our study, we found no association between
nitrous oxide administration and SSI.

Perioperative glucose control and intraoperative tem-
perature regulation were two other modifiable risk fac-

tors that were assessed in this study. We did not detect
a difference in intraoperative temperature regulation be-
tween case and control patients. Others have found that
diabetes and elevated perioperative glucose levels are
risk factors for SSI after spinal surgery.17,18 In this study,
an elevated glucose measurement greater than 126
mg/dl was associated with SSI on univariate analysis, but
it was not an independent risk factor for SSI after adjust-
ing for other variables. Many study patients did not have
measurement of glucose in the preoperative and intra-
operative periods, and it is possible that this limited our
ability to adequately assess this variable.

We found that obesity was a significant, independent
risk factor for SSI after spinal surgery. Obesity was de-
fined by a clinical diagnosis indicated in the medical
record, and the average weight of obese patients was
97.8 kg. We could not calculate body mass index be-
cause the majority of subjects did not have height re-
corded in the medical record. Other investigators have
also found that obesity is associated with SSI after spinal
surgery.3,17,18 Interestingly, obesity has been shown to
decrease perioperative tissue oxygenation,36 and we
found evidence to suggest an interaction between obe-
sity and administered FIO2 in this study. Recently, Hilte-
brand et al. speculated that an inadequate volume of
intraoperative fluid infusion in obese patients might con-
tribute to reduced tissue oxygenation.37 We examined
intraoperative average fluid infusion rate and found no
association with SSI among obese or nonobese patients.
The majority of the spinal surgeries in this study were
elective, and only 5% were performed for emergent or
urgent reasons. For obese patients, who were at fourfold
risk for SSI in this study, delaying elective spinal surgery
whenever possible to pursue weight reduction would
likely reduce the risk of SSI.

Shaving with a razor before surgery is a well-docu-
mented risk factor for SSI, and guidelines from the CDC
Healthcare Infection Control Practices Advisory Commit-
tee recommend avoidance of hair removal before sur-
gery when possible and the use of clippers if hair re-
moval is necessary.38 Despite this, we were surprised to
find that 20% of study patients were shaved with a razor
before spinal surgery, and this was a significant, inde-
pendent risk factor for SSI. Avoiding razor shaving before
surgery is a straightforward intervention to reduce the
risk of SSI.

Our data confirm previous reports that an ASA score of
3 or more and a prolonged duration of surgery, both
elements of the National Healthcare Safety Network risk
index, are significant independent risk factors for the
development of SSI after laminectomy or spinal fu-
sion.4,13 Duration of procedure is dictated primarily by
the surgical complexity of the procedure; however,
there are some surgeons or methods of practice, (e.g.,
involvement of trainees, etc.) that are faster than others
and that may be modifiable under certain circumstances.

Table 2. Multivariable Analysis: Adjusted Risk Factors for SSI
after Spinal Surgery

Risk Factor OR (95% CI)* P Value

Procedure duration � 75th percentile* 4.7 (1.6–14) � 0.001
ASA score � 3 9.7 (3.7–25) � 0.001
Lumbar-sacral level of surgery 2.9 (1.2–7.1) 0.02
Posterior surgical approach 3.5 (1.2–9.7) 0.02
Instrumentation 2.5 (1.1–6.0) 0.03
Obesity 4.0 (1.6–10) � 0.01
Razor shaving before surgery 3.6 (1.2–11) 0.02
FIO2 � 50% 12 (4.5–33) � 0.001

* 75th percentile duration of procedure for the study patients was 352
minutes.

ASA � American Society of Anesthesiologists; CI � confidence interval;
FIO2 � fraction of inspired oxygen; OR � odds ratio.
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The role of procedure duration highlights the need to com-
plete surgical procedures as expediently as possible while not
compromising the completeness of the procedure or the
safety of the patient. Among severity of illness measures, the
ASA score was the strongest predictor of SSI, although the
Karnofsky performance score, the number of comorbid
illnesses, and the McCabe disease severity score were also
significantly associated with SSI. Similar to other reports,
we found that posterior surgical approach, instrumenta-
tion, and lumbar-sacral operative level were also significant,
independent risk factors for SSI after spinal surgery.3,13,13

This study had several limitations, including a relatively
small sample size. The study included both laminectomy
and fusion procedures and a mixture of deep, organ space,
and superficial infections, which may have distinct risk
factors. The retrospective study design and missing data
limited our ability to accurately measure and estimate the
effect of some variables such as obesity, preoperative albu-
min, and perioperative glucose. Postdischarge SSI among
control patients may not have been detected if patients did
not return to the same surgeon for care or if the medical
record lacked sufficient detail to meet criteria for SSI. This
is a potential source of misclassification bias. Case control
studies can demonstrate an association between factors
such as administered FIO2 and the risk of SSI, but they
cannot lead to conclusions regarding causality. All variables
considered for inclusion in our exploratory model were
biologically plausible and tested for colinearity. However,
data-driven modeling strategies can lead to biased regres-
sion coefficients and falsely narrow confidence intervals.
Because we did not perform resampling techniques to
assess reproducibility of results, our results cannot be used
to form a prediction model to assess an individual’s risk of
SSI.

In conclusion, this study identified several variables,
including an ASA score of 3 or more, prolonged duration
of surgery, posterior surgical approach, instrumentation,
and lumbar-sacral operative level, as independent risk
factors for SSI after spinal surgery. We also identified
variables that are potentially amenable to intervention,
including obesity, razor shaving before surgery, and in-
traoperative administered FIO2 of less than 50% as inde-
pendent risk factors for SSI after spinal surgery. Address-
ing obesity before elective spinal surgery and avoiding
razor shaving would likely reduce the risk of SSI. Intra-
operative administration of at least 50% FIO2 should be
tested prospectively as an intervention to prevent SSI
after spinal surgery.

The authors thank Andrew Lee, M.H.S., and Sierra Gardner, B.S. (Research
Assistants, Johns Hopkins University School of Medicine, Baltimore, Maryland),
for assisting with data collection.
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