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Abstract
Study Design: Literature review.

Objectives: Surgical site infection (SSI) following spine surgery leads to significant patient morbidity, mortality, and increased
health care costs. The purpose of this article is to identify risk factors and strategies to prevent SSls following spine surgery, with
particular focus on avoiding infections in posterior cervical surgery.

Methods: We performed a literature review and synthesis to identify methods that can be used to prevent the development of
SSI following spine surgery. Specific pearls for preventing infection in posterior cervical spine surgery are also presented.

Results: SSI prevention can be divided into patient and surgeon factors. Preoperative patient factors include smoking cessation,
tight glycemic control, weight loss, and nutrition optimization. Surgeon factors include screening and treatment for pathologic
microorganisms, skin preparation using chlorhexidine and alcohol, antimicrobial prophylaxis, hand hygiene, meticulous surgical
technique, frequent irrigation, intrawound vancomycin powder, meticulous multilayered closure, and use of closed suction drains.

Conclusion: Prevention of SSI following spine surgery is multifactorial and begins with careful patient selection, preoperative
optimization, and meticulous attention to numerous surgical factors. With careful attention to various patient and surgeon
factors, it is possible to significantly reduce SSI rates following spine surgery.
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Introduction surgical (intraoperative) factors that can be utilized to prevent
surgical site infections, with particular focus on posterior cer-

Surgical site infections (SSIs) result in increased patient mor- .
vical surgery.

bidity, mortality, and health care costs. The cost of preventable
SSIs has been approximated to be $345 million annually in the
United States."? Although the reported incidence of deep SSIs
after spine surgery ranges from 1% to 4%, postoperative infec-
tion is one of the most common complications resulting in ~ The need to optimize patients preoperatively with the goal of
hospital readmission following surgery and results in extension ~ 1mMproving surglcal.outcomes 18 Wldely r§cqgn1;ed. From an
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smoking cessation, glycemic control, malnutrition/ obesity
management, and screening and decolonization of
organisms.”®

Smoking Cessation

Smoking is a critical modifiable risk factor that significantly
increases the risk of SSI after spine surgery by several mechan-
isms, including vasoconstriction, local tissue hypoxia, and
impairing the reparative processes of wound healing and neu-
trophil defense against microorganisms.®*"'! Thomsen et al'?
found that compared with patients who smoked, surgical com-
plications were nearly halved in patients who stopped smoking
prior to surgery. Furthermore, Sorensen et al'® performed a
randomized controlled trial (RCT) and found that the infection
rate of a wound near the sacrum was 12% and 2% in smokers
and nonsmokers, respectively. Smoking cessation should take
place at least 4 weeks prior to surgery to be significantly impor-
tant in decreasing infection risk.'* Smoking cessation referral is
appropriate to minimize potential SSI risk prior to surgery.

Blood Glucose Monitoring

Complications of diabetes leading to poor wound healing due
to local ischemia secondary to microangiopathic changes have
been well described.'” Meng et al” showed significantly higher
rates of infection among diabetic patients compared to nondia-
betic patients after spine surgery (odds ratio [OR] 2.04, 95%
confidence interval [CI] 1.69-2.46).'¢ Cancienne et al'” found
that patients undergoing single-level lumbar decompression
with a hemoglobin (Hb) A1C level of 7.5% or higher had a
significantly higher risk for development of SSI compared with
those with HbA1C level less than 7.5% (OR 2.9, 95% CI 1.8-
4.9, P<.01). Furthermore, Hikata et al'® evaluated 345 patients
undergoing posterior thoracic or lumbar fusion surgery with
instrumentation and found patients with preoperative diabetes
had a 5-fold increase in infection rates. Subgroup analysis of
these patients revealed HbA1C values <7% had a 0% infection
rate whereas patients with values >7% had an infection rate of
35.3%.'® Olson et al reported that patients with diabetes have
an 8-fold increase (OR 8.4) in developing surgical site infection
compared with nondiabetics.*® As such, screening of HbA1C
levels preoperatively and appropriate referral to a dietician or
endocrinologist for tight glycemic control in patients with Hb
A1C levels greater than 7% is essential prior to elective spine

surgery.

Malnutrition/Obesity

Hypoalbuminemia, defined as an albumin level less than 3.5 g/
dL, has been shown to be a significant risk factor for delayed
wound healing.*'>*° Bohl et al'® performed an analysis of over
4300 lumbar spinal fusion patients in the NSQUIP (National
Surgical Quality Improvement Program) database and found
that hypoalbuminemia was associated with increased rates of
infection and wound complications. Even in obese patients,

malnutrition and hypoalbuminemia can be present'® due to
inadequate protein intake despite excessive calorie
consumption.®

Obesity is a well-known risk factor for development of SSI
following spinal surgery.”*'*? Furthermore, the skin-to-lamina
distance at L4 and thickness of subcutaneous tissue was signif-
icantly associated with increased SSI rates.”>** Meng et al’
reported an increased risk of infection in patients with a body
mass index (BMI) >30 kg/m* with an OR of 2.13 (95% CI 1.55-
2.93). Increased tissue necrosis from retraction injury may be a
contributing factor.”®> As such, preoperative optimization of
body weight is a critical risk factor that requires optimization
prior to surgery. Jackson and Devine?? found that treatment
effect of operative pathology is at least as equivalent if not
better in obese individuals, and so this comorbidity should not
prohibit surgery but rather optimization is required. Referral to
a dietician, exercise counselor, or bariatric surgeon may be
required prior to elective spine surgery in this population.

Surgeon Factors

Preoperative Bacterial Screening

Gram-positive bacteria such as Staphylococci, Streptococci,
and Enterococcus continue to be the most common organisms
in spinal SSI.*® Gram-negative organisms, however, are also
not uncommon. Abdul-Jabbar et al?’ found gram negative
microbes were identified in 30.5% of cases of spinal SSI, par-
ticularly in cases involving the sacrum. Proprionibacterium
acnes species is also being increasingly recognized and was
seen in 7.9% of patients in this series.’”*® Because of the
continued preponderance of methicillin-sensitive Staphylococ-
cus aureus (MSSA) and methicillin-resistant Staph aureus
(MRSA) SSIs, however, current prevention screening protocols
still focus on these organisms. Current prevention protocols
recommend nasal swab with culture 30 days prior to surgery
in all patients. Patients with a positive culture should undergo a
5-day course of 2% mupirocin ointment twice daily, combined
with 2% chlorhexidine gluconate scrub daily for 5 days pre-
ceding surgery.®***! This standardized screening and treat-
ment regimen can significantly reduce SSI rates in patients
undergoing spinal surgery.

Preoperative Antibiotics

The use of antimicrobial prophylaxis preoperatively is well
established, with efficacy related to appropriate timing of
administration.>*>> The timing and the administration of pro-
phylactic antibiotics within 30 minutes of surgery has been
shown to significantly decrease the risk of SSI when compared
with the time frame of 30 to 60 minutes prior to incision.*®
Most antibiotic guidelines focus on the treatment of gram-
positive bacteria (staphylococcus), and the standard antibiotic
of choice is cefazolin, a first-generation cephalosporin.®” It
should be noted that antibiotic dosage (cefazolin <20 mg/kg)
needs to be adjusted appropriately in obese patients to be
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effective in reducing infection risk.**~° It should also be noted
that antibiotics should be redosed every 4 hours or after 1500
mL of blood loss in spinal deformity cases.*” Furthermore,
special consideration must be made to recognize patients that
are at risk for harboring gram-negative species, such as incon-
tinent patients or those that have a history of urinary tract
colonization. Nunez-Pereira et al*! studied an individualized
antibiotic regimen based on preoperative risk factors for har-
boring gram-negative bacteria and found a statistically
decreased number of patients developing SSI due to gram-
negative bacteria.

Skin Antisepsis

Preoperative skin preparation aims to sterilize the skin just
prior to skin incision. Iodine, chlorhexidine, and alcohol com-
pounds are the most commonly used preparations. In a rando-
mized trial, Savage et al*? found no difference between
ChloraPrep (2% chlorhexidine and 70% isopropyl alcohol;
Enturia, El Paso, TX) and DuraPrep (0.7% available iodine and
74% isopropyl alcohol; 3M Healthcare, St Paul, MN) in the rate
of positive culture results after skin preparation. In 2 other
RCTs, however, Ostrander et al®® and Saltzman et al** found
that ChloraPrep was superior to the other agents, with lower
rates of positive cultures. Positive cultures, however, do not
directly translate to rates of SSIs, which is a limitation of these
RCTs. Swenson et al*® sought to look at SSI rates directly and
found that DuraPrep had the lowest SSI rates, compared with
betadine and ChloraPrep. Darouiche et al*® found the lowest
infection rates were in the ChloraPrep group compared with the
betadine group. In a recent meta-analysis, Sidhwa et al*’ found
that alcohol-based agents are generally superior to aqueous
solutions. Use of either DuraPrep or ChloraPrep therefore
would provide adequate intraoperative skin preparation.

Intraoperative Temperature Regulation

Inadvertent hypothermia is common in patients undergoing
surgical procedures, particularly in longer cases with signifi-
cant blood loss such as spine surgery. This phenomenon may be
due to the suppression of central mechanisms of temperature
regulation due to anesthesia, and prolonged exposure of large
surfaces of skin to cold temperatures in operating rooms.*®
Hypothermia within the perioperative environment may have
various physiological effects associated with significant mor-
bidity such as surgical site infection and wound-healing
delay.***° Active warming with forced air warming units is
one method that is effective in preventing and managing
hypothermia in the perioperative environment.*’ Madrid
et al*® conducted a Cochrane review concluding that forced-
air warming has a beneficial effect in terms of lowering SSI
rate compared with those not applying any active warming
system, at least in patients undergoing abdominal surgery.
Furthermore, forced air warming may reduce cardiovascular
complications in patients with substantial cardiovascular dis-
ease, reduce transfusion rates, and improve patient comfort.*®

Intrawound Vancomycin Powder

The use of intrawound vancomycin, a broad-spectrum glyco-
peptide antibiotic that provides coverage for gram-positive
organisms, including MRSA, MSSA, and skin flora, is rapidly
being adopted for the prevention of SSIs in spine surgery.’*!
Topical vancomycin provides a high local concentration of
vancomycin with minimal systemic absorption. Intrawound
vancomycin powder is applied subfascially or suprafascially
and provides a high local concentration of vancomycin.
Numerous studies, though retrospective in nature, support the
use intrawound vancomycin in spine surgery.’>>® Ghobrial
et al’® evaluated a total of 9721 patients and found the SSI rate
among the control and vancomycin-treated group to be 7.47%
and 1.36%, respectively, with an overall adverse event rate of
0.3%.

Betadine Irrigation

Betadine is an antiseptic that has bactericidal activity against a
broad spectrum of organisms, including MRSA. The use of
betadine irrigation in spinal wounds removes debris and
decreases bacterial contamination. Maximum effectiveness
against pathogens occurs as a dilution of 0.5% to 4%, with
cytotoxicity occurring at concentrations greater than 5%.>” A
prospective RCT of 414 patients undergoing cervical and thor-
acolumbar surgeries evaluated the efficacy of a 3.5% povidone-
iodine solution used for 3 minutes followed by copious normal
saline irrigation compared with normal saline irrigation
alone.”® The authors found a significantly lower rate of SSI
in the group that underwent dilute betadine irrigation (0% vs
3.5%). Furthermore, no adverse events occurred as a result of
betadine irrigation, thus providing an additional simple, inex-
pensive form of SSI prophylaxis.

Closed Suction Drains

The use of closed suction drains following spine surgery
remains controversial. A deep surgical drain serves to decrease
the risk of blood accumulation in the closed surgical wound,
which theoretically helps prevent epidural hematomas and
wound-healing complications.”’ As the drain provides a direct
route to the outside environment, however, there is concern that
it may lead to an increase in SSI. Parker et al*® evaluated closed
suction drainage in 5464 patients undergoing a variety of ortho-
pedic procedures, including spine surgery in a Cochrane review
and found no statistically significant difference in the incidence
of wound infection, dehiscence, hematoma formation, or reo-
perations. Blood transfusion was required more frequently in
the group receiving drains. Diab et al®® evaluated closed suc-
tion drainage in patients undergoing posterior fusion for idio-
pathic scoliosis and similarly found no difference in SSI rate or
other complications in patients receiving drains versus no
drains, with a higher transfusion rate in the drained group. In
a randomized trial, Liang et al®' evaluated the efficacy of sub-
cutaneous closed-suction drains versus conventional drains
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following scoliosis surgery and found that subcutaneous
closed-suction drainage offer a reasonable alternative to con-
ventional deep drains. Although the use of drains is controver-
sial, these studies did not find an increase in SSI rate with the
use of surgical drains.

Infection Prevention in Posterior Cervical
Spine Surgery

Posterior cervical spine surgery carries a much higher infection
risk compared with anterior cervical procedures, with a
reported infection rate up to 18%.%% This is in stark contrast
to the reported infection risk of less than 1% in anterior cervical
procedures.®® Several potential factors contributing to the dra-
matic increase in infection for posterior cervical approaches
include stripping of paraspinal cervical muscles and creation
of devascularized tissue from electrocautery during exposure,
and formation of large potential dead space due to inadequate
soft tissue approximation during wound closure. The senior
author (KDR) has used specific surgical techniques during
exposure and closure to dramatically lower if not eliminate
infections related to posterior cervical spine procedures.®* The
specific steps are outlined below.

After appropriate preoperative optimization as outlined
above, the method for skin preparation begins with the patient
shaving one to two days before the surgery. This allows the
skin to heal, saves preparation time and eliminates loose hair in
the operating room. Prior to standard preparation, the surgical
site is squared off with plastic drapes. Preliminary preparation
with alcohol foam is used over the surgical site and the sur-
rounding plastic drapes. During exposure, every effort is made
to preserve tissue vascularity and minimize tissue trauma. The
microscope is routinely used from skin incision to wound clo-
sure. The dissection is carefully carried out using monopolar
electrocautery on “cut”; maintaining the dissection in the avas-
cular, amuscular midline to minimize bleeding and the need for
electrocoagulation. This minimizes soft tissue devasculariza-
tion and necrosis during exposure. Finding the “midline” may
sound straightforward, but in reality, this avascular and amusc-
lular plane is rarely exactly in the middle (due to asymmetric
retraction, uneven traction from taping of the shoulders, anato-
mical variances, etc), and there is no “line” during surgery to
guide the dissection. The best way to maintain dissection in the
“midline” is to start with the neck maximally flexed, if not
otherwise contraindicated, and at the caudal end of the incision,
where the spinous process is most easily palpated. The spinous
processes starting at C7 and below are only covered by the
nuchal ligament/supraspinous ligamentous complex. There-
fore, it is relatively easily palpated, hence it is fittingly called
vertebra prominence. One can easily dissect down to the bony
prominence, find the midline ridge of the spinous process and
then dissect cranially, staying in the avascular plane. Once the
midline dissection is carried down to the bifid spinous pro-
cesses, the lateral tissue attachments of the bifid processes are
preserved, and the tip of the bony bifid processes are cut with a
bone cutter. Then the paraspinal muscle, attached to the tip of

the cut spinous process is tagged with sutures and dissected
subperiosteally. These tips of the bifid processes attached to
paraspinal muscles can serve as muscle anchor points and facil-
itate muscle reapproximation during the wound closure stage.
Use of sharp-tipped cerebellar retractors to retract the muscles
should be avoided, as they tend to tear the muscles and increase
tissue trauma and bleeding. Use of smooth, self-retaining
retractors, such as McCulloch (V. Mueller) retractors are rec-
ommended. If hemostasis is required, it is preferable to use
hemostatic agents and cottonoid patties, as opposed to electro-
cautery whenever possible to minimize creation of devascular-
ized tissue. Throughout the procedure, frequent irrigation is
used to keep the tissues moist and to wash away any bacteria.
Outer gloves are changed every few hours.

During closure, irrigation is used and intrawound vancomy-
cin powder (1 g) is routinely applied with placement of a sur-
gical drain to decrease postoperative seroma/hematoma
formation. Multiple drains may be used in obese patients or
patients with greater than a 2 cm layer of subcutaneous fat.
However, if a tight, multilayer closure is performed, the only
drain that is necessary is the deep one. A multilayered closure is
key to eliminate as much potential dead space as possible, as
seroma or hematoma in the potential dead space is a nidus for
infection. It is much harder for infection to develop in a tightly-
closed wound with well vascularized tissue and minimal dead
space. Specifically, the paraspinal muscles are first reapproxi-
mated by suturing around the “tagged” bifid processes during
initial exposure on either side using 0-Vicryl suture and tying
them together to pull the muscles back to the midline. Next, 0-
Vicryl sutures are placed along the muscle sheaths (not muscle
itself) between the bifid process “anchor points” to strengthen
the muscle reapproximation. The wound is then tightly closed
with interrupted sutures in multiple layers. After the fascia
layer is approximated, 2-0 Vicryl sutures are used to close the
subcutaneous layers. Each layer is tacked down to the previous
layer, obliterating the dead space. This is done by burying the
needle completely under the last layer such that the needle
enters on one side of the wound and emerges out the opposite
side without being visible in the middle.

This is preferable to grabbing the two sides separately and
tying the knot, in which case, that layer is not tacked down to the
previous one. The skin is closed with a running 3-0 Monocryl
suture and reinforced with Steri-strips and dressing. In the senior
author’s clinical practice, it is not unusual to use more than 140
sutures to close a 6-inch posterior cervical wound. Perioperative
antibiotics are routinely administered for 24 hours postopera-
tively and the surgical drain is removed when the output is less
than 30 cm® in an 8-hour shift. Following this specific perio-
perative protocol and surgical technique, infection associated
with posterior cervical surgery has become exceedingly rare in
the senior author’s practice regardless of the case.®*

Conclusions

Surgical site infection following spine surgery may lead to
significant morbidity, mortality, and health care costs.
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Preoperative optimization includes smoking cessation, strict
glucose control, weight loss, nutritional optimization, and
MRSA decolonization. Intraoperative optimization includes
preoperative antibiotics, skin antisepsis, meticulous dissection
and closure, betadine irrigation, vancomycin powder, and use
of closed suction drains. With careful attention to patient and
surgeon factors, it is possible to significantly reduce SSI rates
following spine surgery.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This sup-
plement was supported by funding from AO Spine North America.

ORCID iD

Ilyas S. Aleem, MD, MS, FRCSC
4818-8578

https://orcid.org/0000-0003-

References

1. Khoshbin A, So JP, Aleem IS, Stephens D, Matlow AG, Wright
JG; SickKids Surgical Site Infection Task Force. Antibiotic pro-
phylaxis to prevent surgical site infections in children: a prospec-
tive cohort study. Ann Surg. 2015;262:397-402.

2. Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K,
Brennan PJ. Estimating the proportion of healthcare-associated
infections that are reasonably preventable and the related mortal-
ity and costs. Infect Control Hosp Epidemiol. 2011;32:101-114.

3. Blumberg TJ, Woelber E, Bellabarba C, Bransford R, Spina N.
Predictors of increased cost and length of stay in the treatment of
postoperative spine surgical site infection. Spine J. 2018;18:
300-306.

4. de Lissovoy G, Fraeman K, Hutchins V, Murphy D, Song D,
Vaughn BB. Surgical site infection: incidence and impact on
hospital utilization and treatment costs. Am J Infect Control.
2009;37:387-397.

5. Petilon JM, Glassman SD, Dimar JR, Carreon LY. Clinical out-
comes after lumbar fusion complicated by deep wound infection:
a case-control study. Spine (Phila Pa 1976). 2012;37:1370-1374.

6. Nasser R, Kosty JA, Shah S, Wang J, Cheng J. Risk factors and
prevention of surgical site infections following spinal procedures.
Global Spine J. 2018;8(4 suppl):44S-48S.

7. Meng F, Cao J, Meng X. Risk factors for surgical site infections
following spinal surgery. J Clin Neurosci. 2015;22:1862-1866.

8. Xing D, Ma JX, Ma XL, et al. A methodological, systematic
review of evidence-based independent risk factors for surgical
site infections after spinal surgery. Eur Spine J. 2013;22:605-615.

9. Jensen JA, Goodson WH, Hopf HW, Hunt TK. Cigarette smoking
decreases tissue oxygen. Arch Surg. 1991;126:1131-1134.

10. Sorensen LT, Jorgensen S, Petersen LJ, et al. Acute effects of
nicotine and smoking on blood flow, tissue oxygen, and aerobe
metabolism of the skin and subcutis. J Surg Res. 2009;152:
224-230.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Jackson KL 2nd, Devine JG. The effects of smoking and smoking
cessation on spine surgery: a systematic review of the literature.
Global Spine J. 2016;6:695-701.

Thomsen T, Tonnesen H, Mgller AM. Effect of preoperative
smoking cessation interventions on postoperative complications
and smoking cessation. Br J Surg. 2009;96:451-461.

Sorensen LT, Karlsmark T, Gottrup F. Abstinence from smoking
reduces incisional wound infection: a randomized controlled trial.
Ann Surg. 2003;238:1-5.

. Thomsen T, Villebro N, Mgller AM. Interventions for preopera-

tive smoking cessation. Cochrane Database Syst Rev. 2014;(3):
CD002294.

Goodson WH 3rd, Hung TK. Studies of wound healing in experi-
mental diabetes mellitus. J Surg Res. 1977;22:221-227.
Armaghani SJ, Archer KR, Rolfe R, Demaio DN, Devin ClJ. Dia-
betes is related to worse patient-reported outcomes at two years
following spine surgery. J Bone Joint Surg Am. 2016;98:15-22.
Cancienne JM, Werner BC, Chen DQ, Hassanzadeh H, Shimer
AL. Perioperative hemoglobin Alc as a predictor of deep infec-
tion following single-level lumbar decompression in patients with
diabetes. Spine J. 2017;17:1100-1105.

Hikata T, Iwanami A, Hosogane N, et al. High preoperative
hemoglobin Alc is a risk factor for surgical site infection after
posterior thoracic and lumbar spinal instrumentation surgery. J
Orthop Sci. 2014;19:223-228.

Bohl DD, Shen MR, Mayo BC, et al. Malnutrition predicts infec-
tious and wound complications following posterior lumbar spinal
fusion. Spine (Phila Pa 1976). 2016;41:1693-1699.

Khanna K, Yi PH, Sing DC, Geiger E, Metz LN. Hypoalbumine-
mia is associated with septic revisions after primary surgery and
postoperative infection after revision surgery. Spine (Phila Pa
1976). 2018;43:454-460.

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of child-
hood and adult obesity in the United States, 2011-2012. JAMA.
2014;311:806-814.

Jackson KL 2nd, Devine JG. The effects of obesity on spine
surgery: a systematic review of the literature. Global Spine J.
2016;6:394-400.

Mehta Al, Babu R, Karikari IO, et al. 2012 Young Investigator
Award winner: the distribution of body mass as a significant risk
factor for lumbar spinal fusion postoperative infections. Spine
(Phila Pa 1976). 2012;37:1652-1656.

Mehta Al, Babu R, Sharma R, et al. Thickness of subcutaneous fat
as a risk factor for infection in cervical spine fusion surgery. J
Bone Joint Surg Am. 2013;95:323-328.

Abdallah DY, Jadaan MM, McCabe JP. Body mass index and risk
of surgical site infection following spine surgery: a meta-analysis.
Eur Spine J. 2013;22:2800-2809.

Mirzashahi B, Chehrassan M, Mortazavi SMJ. Intrawound appli-
cation of vancomycin changes the responsible germ in elective
spine surgery without significant effect on the rate of infection: a
randomized prospective study. Musculoskelet Surg. 2018;102:
35-39.

Abdul-Jabbar A, Berven SH, Hu SS, et al. Surgical site infections
in spine surgery: identification of microbiologic and surgical


https://orcid.org/0000-0003-4818-8578
https://orcid.org/0000-0003-4818-8578
https://orcid.org/0000-0003-4818-8578
https://orcid.org/0000-0003-4818-8578

Aleem et al

978

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

characteristics in 239 cases. Spine (Phila Pa 1976). 2013;38:
E1425-E1431.

Shifflett GD, Bjerke-Kroll BT, Nwachukwu BU, et al. Microbio-
logic profile of infections in presumed aseptic revision spine sur-
gery. FEur Spine J. 2016;25:3902-3907.

Kim DH, Spencer M, Davidson SM, et al. Institutional pre-
screening for detection and eradication of methicillin-
resistant Staphylococcus aureus in patients undergoing
elective orthopaedic surgery. J Bone Joint Surg Am. 2010;
92:1820-1826.

Agarwal N, Agarwal P, Querry A, et al. Implementation of an
infection prevention bundle and increased physician awareness
improves surgical outcomes and reduces costs associated with
spine surgery. J Neurosurg Spine. 2018;29:108-114.

Tomov M, Wanderman N, Berbari E, et al. An empiric analysis of
5 counter measures against surgical site infections following spine
surgery—a pragmatic approach and review of the literature. Spine
J. 2019;19:267-275.

Fogelberg EV, Zitzmann EK, Stinchfield FE. Prophylactic peni-
cillin in orthopaedic surgery. J Bone Joint Surg Am. 1970;52:
95-98.

Pavel A, Smith RL, Ballard A, Larsen 1J. Prophylactic antibiotics
in clean orthopaedic surgery. J Bone Joint Surg Am. 1974;56:
777-782.

Leaper D, Burman-Roy S, Palanca A, et al; Guideline Develop-
ment Group. Prevention and treatment of surgical site infection:
summary of NICE guidance. BMJ. 2008;337:a1924.

Watters WC 3rd, Baisden J, Bono CM, et al; North American
Spine Society. Antibiotic prophylaxis in spine surgery: an
evidence-based clinical guideline for the use of prophylactic anti-
biotics in spine surgery. Spine J. 2009;9:142-146.

Steinberg JP, Braun BI, Hellinger WC, et al; Trial to Reduce
Antimicrobial Prophylaxis Errors (TRAPE) Study Group. Timing
of antimicrobial prophylaxis and the risk of surgical site infec-
tions: results from the Trial to Reduce Antimicrobial Prophylaxis
Errors. Ann Surg. 2009;250:10-16.

Spina NT, Aleem IS, Nassr A, Lawrence BD. Surgical site infec-
tions in spine surgery: preoperative prevention strategies to mini-
mize risk. Global Spine J. 2018;8(4 suppl):31S-36S.

Blood AG, Sandoval MF, Burger E, Halverson-Carpenter K. Risk
and protective factors associated with surgical infections among
spine patients. Surg Infect (Larchmt). 2017;18:234-249.

Olsen MA, Nepple JJ, Riew KD, et al. Risk factors for surgical
site infection following orthopaedic spinal operations. J Bone
Joint Surg Am. 2008;90:62-69.

Swoboda SM, Merz C, Kostuik J, Trentler B, Lipsett PA. Does
intraoperative blood loss affect antibiotic serum and tissue con-
centrations? Arch Surg. 1996;131:1165-1172.

Nuifez-Pereira S, Pellisé¢ F, Rodriguez-Pardo D, et al. Individua-
lized antibiotic prophylaxis reduces surgical site infections by
gram-negative bacteria in instrumented spinal surgery. Eur Spine
J. 2011;20(suppl 3):397-402.

Savage JW, Weatherford BM, Sugrue PA, et al. Efficacy of sur-
gical preparation solutions in lumbar spine surgery. J Bone Joint
Surg Am. 2012;94:490-494.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

Ostrander RV, Botte MJ, Brage ME. Efficacy of surgical prepara-
tion solutions in foot and ankle surgery. J Bone Joint Surg Am.
2005;87:980-985.

Saltzman MD, Nuber GW, Gryzlo SM, Marecek GS, Koh JL.
Efficacy of surgical preparation solutions in shoulder surgery. J
Bone Joint Surg Am. 2009;91:1949-1953.

Swenson BR, Hedrick TL, Metzger R, Bonatti H, Pruett TL, Saw-
yer RG. Effects of preoperative skin preparation on postoperative
wound infection rates: a prospective study of 3 skin preparation
protocols. Infect Control Hosp Epidemiol. 2009;30:964-971.
Darouiche RO, Wall MJ Jr, Itani KM, et al. Chlorhexidine-
alcohol versus povidone-iodine for surgical-site antisepsis. N
Engl J Med. 2010;362:18-26.

Sidhwa F, Itani KM. Skin preparation before surgery: options and
evidence. Surg Infect (Larchmt). 2015;16:14-23.

Madrid E, Urrutia G, Roque i Figuls M, et al. Active body surface
warming systems for preventing complications caused by inad-
vertent perioperative hypothermia in adults. Cochrane Database
Syst Rev. 2016;4:CD009016.

Moola S, Lockwood C. The effectiveness of strategies for the
management and/or prevention of hypothermia within the adult
perioperative environment: systematic review. JBI Libr Syst Rev.
2010;8:752-792.

Ghobrial GM, Cadotte DW, Williams K Jr, Fehlings MG, Harrop
JS. Complications from the use of intrawound vancomycin in
lumbar spinal surgery: a systematic review. Neurosurg Focus.
2015;39:E11.

Savage JW, Anderson PA. An update on modifiable factors to
reduce the risk of surgical site infections. Spine J. 2013;13:
1017-1029.

Bakhsheshian J, Dahdaleh NS, Lam SK, Savage JW, Smith ZA.
The use of vancomycin powder in modern spine surgery: systema-
tic review and meta-analysis of the clinical evidence. World Neu-
rosurg. 2015;83:816-823.

Evaniew N, Khan M, Drew B, Peterson D, Bhandari M, Ghert M.
Intrawound vancomycin to prevent infections after spine surgery:
a systematic review and meta-analysis. Eur Spine J. 2015;24:
533-542.

Kang DG, Holekamp TF, Wagner SC, Lehman RA Jr. Intrasite
vancomycin powder for the prevention of surgical site infection in
spine surgery: a systematic literature review. Spine J. 2015;15:
762-770.

Khan NR, Thompson CJ, DeCuypere M, et al. A meta-analysis of
spinal surgical site infection and vancomycin powder. J Neuro-
surg Spine. 2014;21:974-983.

Molinari RW, Khera OA, Molinari WJ 3rd. Prophylactic intrao-
perative powdered vancomycin and postoperative deep spinal
wound infection: 1512 consecutive surgical cases over a 6-year
period. Eur Spine J. 2012;21(suppl 4):S476-S482.

Anderson PA, Savage JW, Vaccaro AR, et al. Prevention of sur-
gical site infection in spine surgery. Neurosurgery. 2017;80(35):
S114-S123.

Cheng MT, Chang MC, Wang ST, Yu WK, Liu CL, Chen TH.
Efficacy of dilute betadine solution irrigation in the prevention of
postoperative infection of spinal surgery. Spine (Phila Pa 1976).
2005;30:1689-1693.



98S

Global Spine Journal 10(15)

59. Parker MJ, Livingstone V, Clifton R, McKee A. Closed suction
surgical wound drainage after orthopaedic surgery. Cochrane
Database Syst Rev. 2007;(3):CD001825.

60. Diab M, Smucny M, Dormans JP, et al. Use and outcomes of
wound drain in spinal fusion for adolescent idiopathic scoliosis.
Spine (Phila Pa 1976). 2012;37:966-973.

61. Liang J, Qiu G, Chua S, Shen J. Comparison between subcuta-
neous closed-suction drainage and conventional closed-suction
drainage in adolescent idiopathic scoliosis patients undergoing

62.

63.

64.

posterior instrumented spinal fusion: a randomized control trial.
J Spinal Disord Tech. 2013;26:256-259.

Barnes M, Liew S. The incidence of infection after posterior cer-
vical spine surgery: a 10 year review. Global Spine J. 2012;2:3-6.
Che W, Li RY, Dong J. Progress in diagnosis and treatment of
cervical postoperative infection. Orthop Surg. 2011;3:152-157.
Pahys JM, Pahys JR, Cho SK, et al. Methods to decrease post-
operative infections following posterior cervical spine surgery.
J Bone Joint Surg Am. 2013;95:549-554.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


