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Abstract

The use of spinal cord stimulator has been supported by the evidence-based studies at moderate level to
control varying etiologies of pain. Infections are the most serious complications encountered in spinal cord stimulator
implantation. The intent of this article is to present available studies and literature for surgical techniques to reduce the
risks of postoperative wound infection for spinal cord implantation.
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Review

The use of Spinal Cord Stimulator (SCS) to control various
etiologies of pain has been supported by evidence-based studies at a
moderate level. SCS has a positive, symptomatic, long-term effect in
cases of refractory angina pain, severe ischemic limb pain secondary
to peripheral vascular disease, peripheral neuropathic pain, chronic
low-back pain, and in general is a safe and effective treatment for a
variety of chronic neuropathic conditions [1]. It has been proven to
help neuropathic pain [2], failed back surgery syndrome [3,4], and
reflex sympathetic dystrophy [5-7]. SCS has also been used successfully
for other pain issues such as critical lower limb ischemia [8], angina
pectoris [9], central poststroke pain [10], renal pain [11], intractable
visceral pelvic pain [12], and chronic visceral abdominal pain [13].

However, because of foreign body implantation, there has been a
relatively high rate of reported complications from SCS implantation
[14]. Bleeding/hematoma [15,16] and infections [17,18] are the most
serious complications encountered in SCS implantations. Mekhail et
al. [19] reviewed electronic medical records of 707 consecutive cases
of patients who received SCS therapy and found that biologically
related complications included pain at the generator site (12%) and
clinical infection (4.5%; 2.5% with positive culture) which is higher
than the infection rate for a clean wound. Deep wound infection
from SCS implantation surgery often requires the removal of
hardware followed by antibiotic administration. Rauchwerger et al.
[18] revealed in his study that while a variety of bacteria may cause
epidural abscess with spinal cord stimulation implantation, methicillin
sensitive Staphylococcus aureus, and increasingly, Methicillin resistant
Staphylococcus aureus (MRSA) and community-associated MRSA,
are the most likely etiologic organisms. The reason for the high rate
of infection is that many strains of coagulase negative staphylococci
have the propensity to produce biofilm, allowing for adherence to
medical devices. Spincemaille et al. [20] reported technical problems
and complications in a study of 60 patients with SCS implantation for
critical limb ischemia. Technical problems such as loss of stimulation
due to lead migration occurred in 13 patients (22%). Local infection
at the site of implantation occurred in 3 patients (5%), resulting in
a total complication rate of 27%. Premature depletion of the battery
occurred within 2 years in 3 patients (5%). Ubbink et al. [21] analyzed
six studies and reported complications of SCS treatment consisting of
implantation problems (relative risk 9%) and changes in stimulation

requiring re-intervention (relative risk 15%). Infections of either the lead
or the pulse generator pocket occurred less frequently (relative risk 3%).

Lead migration is the most common but potentially correctable
problem in SCS implantation [22]. Rosenow et al. [23] analyzed a total
of 577 procedures performed with percutaneous SCS and paddle leads,
and found that 43.5% of SCS implantation involved revision or removal
of SCS hardware. Approximately 80% of all leads were the percutaneous
type. The majority (62%) of leads were placed in the thoracic region,
and 33.5% of all leads required revision. Poor pain relief coverage
was the most common indication for revision. They also found that
surgically implanted leads broke twice as often as percutaneous leads.
In 46% of the patients, hardware revision was required, and multiple
revisions were necessary in 22.5% of cases. Laminectomy leads tended
to break and migrate sooner than percutaneous leads. Thoracic leads
became infected sooner than cervical leads.

Other rare complications of SCS implantation include spinal cord
injury from direct needle insertion [24], myelopathy due to dense
epidural scar tissue [25], and cerebral spinal fluid leak [26]. Meyer et al.
[24] reported that a patient presented with upper and lower extremity
weakness following inadvertent placement of an electrode into the
spinal cord. Her neurologic status deteriorated in spite of successful
removal of the electrode. Dam-Hieu et al. [25] reported on 2 cases of
delayed compression of the cervical spinal cord by dense scar tissue
forming around epidural electrodes implanted for SCS in 2010.

Despite the high risk of complications associated with spinal cord
implantation, the success rate of SCS has been gradually improving
with the development of technology and improvements in surgical
technique. Pettit [27] reported in his article that the complications
of sacral neuromodulation have been minimized as technology has
improved. The main surgical complication remains surgical site
infection. He reviewed evidence-based suggestions and procedure-
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specific techniques that reduced the infection rate to less than 2% in
sacral nerve stimulation. A variety of surgical techniques have been
employed to implant these devices such as one incision technique
vs. two incisions technique. Infection rates associated with SCS vary
depending on the surgical techniques used. With proper surgical
technique, surgical skills may diminish the risk of infection with SCS
implantation, potentiating the utility of this intervention.

Although improvements in medical technology and advances
in operating room (OR) infection control practices have decreased
postoperative wound infection rates significantly, aseptic technique
has not completely eliminated bacterial contamination of the surgical
field. The incidence of postoperative spinal infections varies from 0.4%
to 3.5% depending on the type of wound conditions and the patient’s
comorbidity [28-30]. Surgical site infections (SSIs) are defined as
infections occurring up to 30 days after surgery or up to one year after
surgery in patients receiving implants [30]. The impact of surgical site
infections in the United States has been estimated to cause billions in
excess costs [31,32].

Despite the use of standard aseptic techniques, staphylococcal
bacteria can still be isolated from the operative field regularly [33-35].
Postoperative wound infections are thought to commonly result from
four possible mechanisms:

1. Direct contact contamination of the wound from OR personnel
or instruments during surgery.

2. Airborne bacteria inoculation from the operating room
environment [36,37]. Bacterial contamination form the air is influenced
by the number of personnel and intensity of traffic within the OR at the
time of surgery [36,38,39].

3. Colonization from a surgical site such as a small razor wound or
a skin abrasion.

4. Hematogenous spreading of endogenous flora from a distant
bacterial colonization or infection at a separate body site [40,41].

Procedure time and postoperative infection risk are positively
correlated; i.e. the longer the procedure takes, the higher the risk for
postoperative infections [42-44]. The rate of contamination of sterile
instrument trays correlates with the duration such trays have been left
exposed and uncovered. This further implicates air-borne bacteria as
playing a significant role in SSIs [42,45]. Watanabe et al. [46] indicated
that the incidence of infection positively correlated with longer
operations [longer than 3 hours], delay to surgery following trauma,
diabetes, and blood loss greater than 300 cc. There was no correlation
with older age, BMI, or length of hospital stay prior to surgery.

SSIs have been closely correlated with intraoperative skin
preparation. Maintaining aseptic technique may play an important
role in decreasing postoperative wound infection. Chiang et al. [47]
studied the data from 377 craniotomies/craniectomies with bone and
flaps. They determined that operative factors such as the way the skin
is prepared before incision rather than skin flora contaminants on the
bone flaps may play an important role in the pathogenesis of SSIs after
craniotomy/craniectomy.

The pathogens associated with postoperative wound infection in
SCS implantation are similar to those in orthopedic or spinal surgery.
Owens and Stoessel [31] suggested that the causative pathogens for
postoperative wound infections depend on the type of surgery; the most
commonly isolated organisms are Staphylococcus aureus, coagulase-
negative staphylococci, Enterococcus spp. and Escherichia coli.

The Centers for Disease Control and Prevention guidelines for
the prevention of SSIs emphasize the importance of good patient
preparation, aseptic practice, and attention to surgical technique;
antimicrobial prophylaxis is also indicated in specific circumstances [31].

Numerous patient-related and procedure-related factors influence
the risk of SSI, and hence prevention requires a ‘bundle’ approach, with
systematic attention to multiple risk factors, in order to reduce the risk
of bacterial contamination and improve the patient’s defenses.

Minimizing Risk factors and optimizing the patient’s medical
status before surgery

There are many factors affecting the wound healing process. Some
of the risk factors may be not modifiable but some can be modified to
decrease the risks for wound infection. However, some modifiable risk
factor may not help to decrease wound infections if the duration of the
modification is not long enough, such as obesity, smoking, etc.

Control of Diabetes mellitus: There are numerous studies showing
that patients with uncontrolled diabetes mellitus have increased
infection rates after major surgery [48-51]. Mehta [52] suggested that
in the diabetic patient, intraoperative and perioperative modification
of surgical technique, tight glycemic control, and other modifications
can potentially yield improved clinical results for wound healing.
Patients with uncontrolled diabetes mellitus should be evaluated and
blood glucose levels should be optimized before the SCS implantation
is planned.

Multidiscipline Modification for Malnutrition: Malnutrition
can also increase surgical site infection. Gibbs et al. [53] in their study
showed that a decrease in serum albumin from concentrations greater
than 46 g/L to less than 21 g/L was associated with an exponential
increase in mortality rates from less than 1% to 29% and in morbidity
rates from 10% to 65% for surgery.

Obesity: Obesity may also increase SSIs [54-56]. Bamgbade et al.
[57] analyzed adult postoperative complications from an electronic
database covering 7,271 cases of postoperative complications that
occurred within 30 days of noncardiac moderate or major surgery and
revealed that obese patients had a higher prevalence of myocardial
infarction [P = 0.001], peripheral nerve injury [P = 0.039], wound
infection [P = 0.001], and urinary tract infection [P = 0.004].

Radiation therapy and Immunosuppression: History of
irradiation at the site of the procedure may affect wound healing [58].
Use of immunosuppressants may cause an increase in SSIs [59]. Fortun
et al. [60] studied a total of 1398 renal transplant recipients and found
that the use of Sirolimus as maintenance therapy in kidney recipients
is associated with a low rate of CMV infection and with a higher risk of
surgical site infection.

Tobacco use: Tobacco use may lead to SSI, due to nicotine’s effects
of vasoconstriction and inhibition of wound healing [61,62]. Myles et
al. [63] studied 489 adult patients undergoing ambulatory surgery and
found that smoking was associated with an increased risk of respiratory
complications and postoperative wound infection in ambulatory
surgery patients. These findings warrant increased efforts at promoting
smoking avoidance and cessation. Thomsen et al. [64] studied the
data from a randomized controlled multicenter trial and found brief
smoking intervention administered shortly before breast cancer surgery
modestly increased self-reported perioperative smoking cessation
without having any clinical impact on postoperative complications.
However, Moller et al. [62] did a randomized trial in three hospitals in
Denmark and found that an effective smoking intervention program
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6-8 weeks before surgery reduces postoperative morbidity.

Alcohol Exposure: Nath et al. [65] studied the data from 7,631
patients with documented alcohol use (active alcohol use of at
least two drinks per day within 2 weeks of surgery) that underwent
elective surgery and found active alcohol consumption is a significant
determinant of adverse outcomes in elective surgery. Patients with
ETOH use who are scheduled to undergo elective surgery should be
appropriately educated and counseled. Other studies [66] showed that
heavy alcohol consumption increased the risk of nosocomial infection
in men who underwent general surgical procedures.

Remote colonization of bacteria: Infection at sites remote from
the operative field is also a host risk factor for postoperative infection
that is potentially correctable prior to surgery [67]. Gupta et al. [68]
analyzed postoperative MRSA clinical cultures and infections, total
surgical site infections (SSIs), and surgical prophylaxis data among
4,238 eligible patients and found that preoperative nasal MRSA
remained significantly associated with postoperative MRSA cultures
and infections. The current recommendation is to aggressively treat
remote infection prior to surgery.

Perioperative blood transfusion: Perioperative blood transfusion
has been associated with an increased rate of postoperative infections,
including wound infection, with donated white blood cell (WBC)-
induced immunosuppression implicated as the culprit [69].

Steroid use: Ismael et al. [70] studied data of 635,265 patients
and found that superficial surgical site infections (SSI) increased from
2.9% to 5% among 20,434 patients using steroids preoperatively (3.2%)
(odds ratio, 1.724). Deep SSIs increased from 0.8% to 1.8% (odds
ratio, 2.353). Organ/space SSIs and dehiscence increased 2 to 3-fold
with steroid use (odds ratios, 2.469 and 3.338, respectively). Mortality
increased almost 4-fold (1.6% to 6.0%; odds ratio, 3.920).

Hair removal: Hair removal with razor has been proven to
increase SSIs [71]. For preoperative hair removal, methods that do not
create microabrasions, such as clippers or depilatories, are preferred
[72]. Alexander et al. [73] reported in a large randomized trial that
SSIs decreased significantly following hair removal with clippers the
morning of surgery compared with those who underwent day-of-
surgery shaving with a razor. Some recommendations still advocate no
preoperative hair removal [74].

Preoperative bathing with chlorhexidine: Preoperative bathing
with chlorhexidine was commonly employed for a time; however
some recent studies do not support it as an effective means to decrease
SSIs. Webster [75] analyzed data from six trials with a total of 10,000
patients and concluded that the evidence does not support preoperative
bathing with chlorhexidine as a means of reducing surgical site wound
infection [76]. Chlorhexidine and alcohol is better than povidone-
iodine antisepsis for surgery. Lee et al. [77] studied nine randomized
controlled trials with a total of 3,614 patients included in the meta-
analysis and found preoperative skin antisepsis with chlorhexidine
is more effective than preoperative skin antisepsis with iodine for
preventing SSI and results in cost savings [78,79]. Antisepsis with
chlorhexidine and alcohol is recommended for spinal surgery by some
neurosurgeons [80].

Epstein [80] recommended in his article additional preoperative,
intraoperative, and postoperative methods of prophylaxis to further
reduce spinal infection rates; 1. Nasal cultures and Bactroban ointment
[mupirocin], and 2. Multiple prophylactic preoperative applications
of chlorhexidine gluconate (CHG) 4% to the skin. Intraoperative
prophylactic measures should not only include the routine use of an

antibiotic administered within 60 min of the incision, but should also
include copious intraoperative irrigation (Normal Saline (NS) and/or
NS with an antibiotic). Intraoperatively, instrumentation coated with
antibiotics, and/or the topical application of antibiotics may further
reduce the infection risk. Whether postoperative infections are reduced
with the continued use of antibiotic prophylaxis remains controversial.

Antibiotic prophylaxis

Indication: In 2006, the Surgical Care Improvement Project (SCIP)
developed out of the Surgical Infection Prevention (SIP) project and is
continually evolving the manual guidelines to provide standard quality
measures to unify documentation and track standards of care. Seven
of the SCIP initiatives apply to the perioperative period: Prophylactic
antibiotics should be received within 1 hour prior to surgical incision,
be selected for activity against the most probable antimicrobial
contaminants, and be discontinued within 24 hours after the surgery
end-time [81].

Multiple studies have shown that a single preoperative dose of
antibiotic is as effective as a full 5-day course of therapy. Prophylactic
antibiotics should be administered within 1 hour prior to incision.
Complicated, contaminated, or dirty procedures should receive
additional postoperative coverage. The CDC recommends that
antibiotic prophylaxis be used for all clean-contaminated procedures
and certain clean procedures (i.e., those in which intravascular
prosthetic material or a prosthetic joint will be inserted and those in
which an incisional or organ/space SSI would pose catastrophic risk)
[74]. Bratzler et al. [82] reviewed published guidelines for antimicrobial
prophylaxis and concluded that infusion of the first antimicrobial
dose should begin within 60 minutes before surgical incision and
that prophylactic antimicrobial agents should be discontinued within
24 hours of the end of surgery [83]. Vancomycin should be started
within 2 hours before incision due to extended infusion time. Other
prophylactic antibiotics should be administered within 1 hour before
skin incision. Thus far, the medical literature (with one cardiac surgery
related exception) does not support the use of antibiotics beyond 24
hour post operatively, as this has failed to show any additional benefit.

Medications: The key in selecting an appropriate prophylactic
antibiotic regimen with coverage against the expected endogenous
flora at the surgical site depend on the type of surgery, as well as the
anticipated organisms. The common bacteria encountered for wound
infections after SCS implant are similar to those encountered in
orthopedic surgeries. 1. Staphylococcus aureus, 2. coagulase-negative
staphylococci; 3. streptococci 4. gram-negative rods/bacilli [74]. Based
on the antibacterial spectrum and low incidence of allergy and side
effects, the cephalosporins have traditionally been the drugs of choice
for the vast majority of operative procedures especially for SCS implant
[84]. Currently, cefazolin and cefuroxime are the preferred antibiotics
for patients undergoing orthopaedic procedures. Clindamycin and
vancomycin may be used for patients with a confirmed beta-lactam
allergy. Vancomycin may be used in patients with known colonization
with methicillin-resistant S. aureus (MRSA) or in facilities with recent
methicillin-resistant S. aureus outbreaks. However, it should not be
presumed that cephalosporins are the prophylactic agents of choice
due to increase of antibiotic resistance. Antibiotics should always be
carefully chosen for the targeted bacteria in each patient.

Vancomycin use should be discouraged for routine prophylaxis
unless the patient is allergic to B-lactam antibiotics or the procedure
involves implantation of prosthetic materials or devices at
institutions with a high rate of infections caused by methicillin-
resistant Staphylococcus aureus or methicillin-resistant coagulase
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negative staphylococci. In particular, the emergence of Community-
Associated-MRSA as a cause of SSI has clouded the issue of appropriate
antimicrobial prophylaxis [85].

Chang et al. [86] suggested in their article that practical limitations
that may affect the use of vancomycin in surgery include its narrow
spectrum of antimicrobial activity and the need for a slow rate of
infusion. Furthermore, the growing prevalence of vancomycin-
resistant enterococci and the emergence of vancomycin-resistant S.
aureus (VRSA) raise concerns about potential adverse effects on the
antimicrobial susceptibility of nosocomial pathogens induced by the
selective pressure of surgical antibiotic prophylaxis.

Timing of antibiotic administration: Suboptimal tissue levels
and potentially increased risk of postoperative wound infection may
result from antibiotic administration too early prior to the incision or
after the time of incision. Surgical infections have been reduced by the
administration of preoperative antibiotics within 60 minutes of surgery
(incision) [56].

Some investigators found that SSI risk was lowest in those patients
who received prophylaxis within 30 minutes (if given cephalosporins)
or within 1 hour (if given vancomycin or a fluoroquinolone) prior
to incision. Post-incision administration was associated with a
significantly increased risk for SSI [87]. The Surgical Care Improvement
Project (SCIP) over a 2-year period retrospectively looked at 6 variables
to reduce postoperative complications, including surgical site infection
due to the timely administration of preoperative antibiotics [88].

Administration of antibiotic immediately before incision may not
provide enough time for tissue concentrations of the drug to reach
the desired level at the time of incision. Weber and colleagues noted
a twofold increase in the odds of SSI when cefuroxime prophylaxis
was delivered less than 30 minutes before incision, as opposed to
between 30 and 59 minutes pre-incision [89]. These results have also
been reproduced in a study of 1,922 patients undergoing total hip
arthroplasty in which the rate of SSI was lowest in those who received
antibiotics 1 to 30 minutes before incision [90].

The SCIP quality improvement project defines appropriately timed
antibiotic prophylaxis as delivery of the antibiotic within 1 hour prior to
incision. The exceptions are that vancomycin and the fluoroquinolones
should be given within 2 hours prior to incision because of the need
for a longer infusion time. This definition has become widely used as a
metric that indicates delivery of standard, high-quality surgical care [91].

A study of vancomycin use in cardiac surgery patients found that
prophylaxis was most effective when given between 16 and 60 minutes
before incision (relative risk (RR) = 7.8 compared to receipt between 15
and 0 minutes pre-incision) [92]. This may be explained by the need for
an hour-long infusion of vancomycin to prevent infusion-related side
effects, suggesting that only a small proportion of the dose had been
infused at the time of the incision.

Dose of antibiotics: Forse et al. [93] suggested that the use of
higher doses of antibiotic is probably needed for obese patients.
Following administration of a 1 g dose of cefazolin, tissue and serum
concentrations of the antibiotic were significantly decreased in
morbidly obese patients when compared to non-obese controls.

However, another study of obese patients given 2 g doses of cefazolin
found therapeutic tissue levels of the drug in only 48% of persons with
a body mass index (BMI) between 40 and 49% in those with a BMI
between 50 and 59, and 10% in those with a BMI 60 or higher, leading
the authors to propose using continuous cefazolin administration in
the morbidly obese patient to improve tissue concentrations [94].

Duration of antibiotics prophylaxis: A single dose of prophylaxis
is necessary. At most, duration of antibiotic prophylaxis given should
not be longer than 24 hr. Kanayama et al. [95] analyzed data from 1597
consecutive uninfected patients who had undergone lumbar spine
surgery between January 1999 and September 2004 and concluded that
based on the CDC guideline, a single dose of antimicrobial prophylaxis
was proven to be efficacious for the prevention of SSI in lumbar
spine surgeries. A shorter duration of first-generation cephalosporin
use may effectively prevent the emergence of antibiotic-resistant
bacterial infection. Harbarth et al. [96] found that prolonged antibiotic
prophylaxis (>48 hours post-incision) has been significantly associated
with an increased risk of acquiring an antibiotic-resistant pathogen.

Additional IV antibiotics may be necessary in prolonged surgery
lasting over three hours. Dellinger et al. [97] found that as critical as
it is to provide an appropriately timed initial dose of antibiotic, it is
also essential to ensure that tissue concentrations remain well above
the minimum inhibitory concentration (MIC) values of common
pathogens during the entire procedure. To achieve this goal, antibiotics
should also be re-administered during long surgical procedures.

Use of Epinephrine with local anesthetic

Epinephrine has long been employed in surgery as a potentiator
of local anesthetic. The vasoconstrictive properties of epinephrine act
to decrease the systemic absorption of local anesthetic and thereby
increase the duration of anesthetic effect within target tissues. It has
been approved for safe use in general surgery and non-implantation
surgery for some time. It’s most commonly used in procedures involving
regions of rich blood flow such as the scalp and face. Another benefit to
the use of epinephrine in local anesthetic is to achieve better hemostasis
when substantial topical blood loss is anticipated, particularly in case
of large wounds [98].

Many studies have been done to evaluate the influence of
epinephrine on the incisional healing processes. Some studies
have shown that the presence of epinephrine in lidocaine solution
had no significant role in the delay of the wound healing process
[99]. Wakamatsu [100] suggested that a local anesthetic without a
vasoconstrictor does not modify the postextraction wound healing
process. He argued that epinephrine does not prolong and will actually
promote wound healing based on his study of wound healing following
tooth extraction. However, the study was done in the facial region
which has a very rich blood supply. The study did not address wound
healing at the primary surgical incision site of a region that is less well
vascularized. Surgery at a region of poor blood supply may show a
different response to the use of epinephrine.

The next question regarding the use of epinephrine with a local
anesthetic involves its affect on the postoperative infection rate. Parr
et al [101], in his in vitro study, found that skin anesthetized with
Lidocaine demonstrated a dose-dependent growth inhibition for
some strains of bacteria such as Enterococcus faecalis, Escherichia
coli, Pseudomonas aeruginosa, and Staphylococcus aureus. He also
suggested that the addition of epinephrine to the local anesthetic had
no effect on the susceptibility of the bacteria to lidocaine. However,
this in-vitro study does not address the question of rich vs poor blood
supply when evaluating the impact of epinephrine on postoperative
wound infection.

To date, there are no large scale randomized control studies
regarding the impact of epinephrine use on postoperative infection
rate. Stratford et al. [102] demonstrated that lidocaine use prior to
inoculation of bacteria was associated with a greater than 70% decrease
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in bacterial count in their in vivo study (lidocaine infiltration vs. pre-
infiltration of lidocaine in a guinea pig model). Conversely, the addition
of epinephrine (1:100,000) to lidocaine was associated with a 20-fold
increase in bacterial count compared with control values (lidocaine
with epinephrine infiltration vs pre-infiltration of lidocaine). This is
the first study using an in vivo surgical wound model to demonstrate
inhibition of bacterial growth by a local anesthetic, and a subsequent
reversal of this protective effect with the addition of epinephrine.
Moreover, when epinephrine is used, there is a substantial increase in
bacterial growth, suggesting epinephrine may increase risk of surgical
wound infection

Systemic increase of epinephrine from surgery related stress may
cause impairment of wound healing. Sivamani et al. [103] suggested
that burn wounds generate epinephrine locally in response to injury.
Epinephrine levels are locally, as well as systemically elevated, and
wound healing is impacted by these dual mechanisms. Treatment with
beta adrenergic antagonists significantly improves the rate of burn
wound re-epithelialization. This work suggests that specific beta2AR
antagonists may be apt, near-term translational therapeutic targets for
enhancing burn wound healing. Romana-Soza et al. [104] published an
article in 2009 which suggested that high epinephrine concentrations
related to stress, increased murine skin fibroblast proliferation and
nitric oxide synthesis, and strongly inhibited skin fibroblast migration.

No study to date has been done to determine the exact mechanism as
to how epinephrine acts to increase wound infection rate. Rodrigues et
al. [105] suggested that Lidocaine blocks nociceptive fibers, preventing
initial wound signaling and mast cell degranulation. It is hypothesized
that epinephrine and buffer affect wound healing by potentiating
lidocaine blockage. Epinephrine may be used in non-implantation
SCS trials as bacteria in these circumstances are accessible to humoral
immunity. Conversely, the advent of bacterial seeding of hardware
remains a challenging issue in SCS implantation since antibiotic
therapy cannot be delivered to an area inaccessible to body fluid.

In order to minimize tissue damage and decrease postoperative
infection rate, epinephrine should be used with extreme caution.

Antibiotic irrigation

Intraoperative antibiotic wound lavage has been used for many
decades. Lord et al. [106] analyzed data for vascular surgeries and
revealed that in clean operations without antibiotic wound lavage there
was a 0.73% rate of in-hospital wound infections in 685 patients. In
contrast, there was zero rate of infection in 760 patients who underwent
intraoperative wound lavage throughout the operative procedure.

There are some studies indicating saline irrigation helps to
decreased bacteria within surgical wounds [46,107,108].

Whether antibiotic irrigation helps to decrease wound infection
rate in clean or clean-contaminated surgeries is debatable. In most
cases, bacterial seeding of deep wounds occurs through air droplet
or direct contact. Theoretically, antibiotic irrigation should further
decrease wound infections. However, some studies showed no
benefits from antibiotic irrigation to decrease infection rate during
surgery. Savitz et al. [109] stated in his study that although the virtual
elimination of bacterial growth in the surgical site was accomplished,
the efficacy of topical antibiotics in the prevention of wound infection
remains unproven.

Others studies have advocated the benefit of antibiotic irrigation to
decrease wound infection rate.

Gallup [110] determined in a 1996 study that the use of antibiotic

prophylaxis of wounds in a select patient population resulted in fewer
wound complications. Similarly, Pfeiffer et al. [111] reported their
clinical data to support the use of topical antibiotics and antibiotic
irrigation in cosmetic breast surgery. He reported significant increases
of both infections and seroma in patients not treated with topical
antibiotics and antibiotic irrigation, compared with a cohort of similar
patients where topical antibiotics were used. Bergamini et al. [112]
suggested in his study that when wound contamination is great, a
combination of topical and systemic antibiotics is the more effective
regimen. Where wound contamination is less severe, systemic antibiotic
prophylaxis is all that is required; no further benefit is obtained by the
additional administration of topical antibiotics. Dirschl et al. [113]
published his article indicating that:

1]. Although the orthopedic literature on the clinical use of topical
antibiotics is sparse, the effectiveness of topical antibiotics has been
shown well enough in vitro and in the surgical literature to justify
strong consideration of their use in orthopedic procedures.

2]. Saline irrigation should not be relied upon to reduce bacterial
contamination completely, although it does remove debris, foreign
material, and clot, which often contain bacteria, from the surgical
wound.

3]. Topical antibiotic agents used for irrigation should have a
broad spectrum of antimicrobial activity. Triple antibiotic solution
[neomycin, polymyxin, and bacitracin] provides the most complete
coverage against the organisms most likely to cause infections in both
clean and contaminated orthopedic surgical cases. These agents should
be allowed to remain in the wound for at least 1 minute before their
removal.

4]. Further studies of topical antibiotic irrigation in orthopedic
surgery are needed to demonstrate the most effective antibiotic[s] and
technique of administration.

Early and frequent wound irrigation has been demonstrated to lead
to a lower rate of wound complications. Owens et al. [114] found that
earlier irrigation in a contaminated wound model resulted in superior
bacterial removal. Most recently in 2010, Sookpotarom et al. [107]
found that vigorous antibiotic wound irrigation demonstrated a low
rate of wound complications.

There is further indirect evidence to support antibiotic irrigation,
such as antibiotic-impregnated cement and beads to decrease wound
infection for orthopedic implant surgery, first introduced in 1939
[115]. Bourne [116] advocated that the use of antibiotic-impregnated
cement [in conjunction with systemic prophylaxis] was associated
with significant reduction in SSIs in studies from several large clinical
registries in Europe [117].

Copious intraoperative irrigation (normal saline (NS) and/or NS
with an antibiotic) to further reduce the infection risk in spinal surgery
has been recommended by neurosurgeons [80]. Maurice-Williams et
al. [118] did a study on a series of 1173 clean neurosurgical operations
compared with a control of 303 operations. Both treatment and
control groups were operated on by the same surgeon, using similar
surgical techniques. The control group received parenteral pre- and
postoperative antibiotics (flucloxacillin and ampicillin). The treatment
group (where the parenteral antibiotics used was cephradine)
also received wound irrigation with a solution of gentamicin and
flucloxacilin. The infection rate was 0.42% in the treatment group (five
patients), in the control group it was 3.96% (12 patients). The difference
was highly significant (p = 0.00006).

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

Volume 4 + Issue 1+ 1000202



Citation: Zhu J, Gutman G, Collins JG, Colonna J (2014) A Review of Surgical Techniques in Spinal Cord Stimulator Implantation to Decrease the
Post-Operative Infection Rate. J Spine 4: 202. doi:10.4172/2165-7939.1000202

Page 6 of 12

Spinal cord stimulator implantation surgery carries high risks
for postoperative wound infection because the implanted pulse
generator has an irregular surface. The niches on the irregular surface
of the implanted pulse generator may potentially prevent body fluid
to access and eradicate the inoculated bacteria. In some orthopedic
procedures, in order to decrease bacteria seeding, the irregular surfaces
on implanted hardware have prompted the use of antibiotic coating
of these surfaces. An antibiotic irrigation should be used every 10-15
minutes to irrigate the wound with antibiotic saline solution. After the
pocket is created, it should be also irrigated and packed with gauze
soaked with antibiotic irrigation solution before it is closed.

A variety of antibiotics can be chosen for antibiotic irrigations, such
as bacitracin, bacitracin with polymyxin, neomycin, cephalosporins,
clindamycin, etc. The antibiotic chosen for irrigation should be
carefully selected based on the targeted bacteria.

Caution must be applied to use antibiotics in irrigation. Some
antibiotics can cause severe adverse effects and allergic reactions.
Anaphylaxis has been reported in reaction to bacitracin irrigation
during surgery [119]. Damm [120] reported that three patients
developed severe adverse reactions after prophylactic bacitracin
irrigation concentrated at 50,000 units per 10 mL. Two of these events
occurred during pacemaker insertions and the other during a cardiac
resynchronization defibrillator implantation.

Optimizing the patient’s medical status during surgery to
decrease possible wound infection

Evidence based studies show that normothermia, normoglycemia,
oxygen delivery and use of appropriate antibiotics have significantly
reduced SSIs.

Moucha et al. [121] emphasized in their article that multiple risk
factors for surgical site infection have been identified. Some of these
factors directly affect the wound-healing process, whereas others can
lead to blood-borne sepsis or relative immunosuppression. Modifying
a patient’s medications, screening for comorbidity, such as HIV or
diabetes mellitus, and advising the patient on options to diminish or
eliminate adverse behaviors, such as smoking, should lower the risk for
surgical site infections.

Optimizing the patient’s oxygen: Dellinger et al. [122] suggested
in his study that optimizing the patient’s oxygen saturation during
surgery may also decrease SSIs. Another study also showed that
supplemental perioperative oxygen may reduce the incidence of
surgical-wound infection [123].

Maintaining the patient’s body temperature: Maintaining the
patient’s body temperature and avoiding hypothermia may decrease
SSIs. Kurz et al. [124] did a randomized study on two hundred patients
undergoing colorectal surgery and found that hypothermia itself
may delay healing and predispose patients to wound infections. He
suggested that in patients undergoing colorectal resection, maintaining
normothermia intraoperatively was likely to decrease the incidence of
infectious complication, as well as shorten hospitalizations.

Stress: Severe stress may also cause an increase in SSIs. The systemic
response to injury is characterized by massive release of norepinephrine
(NE) into the circulation as a result of global sympathetic activation.
Multiple authors have demonstrated NE-mediated alterations in
migration of circulating neutrophils to wounds [125]. Romana-
Souza et al. [104] suggested in his study that high epinephrine
concentrations increased murine skin fibroblast proliferation and
nitric oxide synthesis, and strongly inhibited skin fibroblast migration.

Additionally, Lidocaine blocks nociceptive fibers, preventing initial
wound signaling and mast cell degranulation.

Surgical skills for SCS implantation

In order to improve the success rate of SCS implantation, some
special modifications in surgical technique may be employed. The main
goal of the modifications is to minimize tissue damage and decrease or
eradicate bacterial seeding of the surgical wounds.

Tissue damage should be minimized, as surgical wound size has
been found to correlate with increased rate of SSIs: In clean and clean-
contaminated surgical procedures, quantitative bacterial inoculation
of the wound in areas of microscopically devitalized tissue provide a
niche; a small bacterial inoculum may grow in relative isolation from
the host’s defenses, playing a major role in the pathogenesis of infection
[126].

In order to decrease the rate of SSIin SCS implantation, the incisions
should be made with a scalpel with a clear cut, and the tissue should
be handled with care. Excessive blunt dissection should be avoided to
achieve minimal tissue damage. The size of the surgical wound should
be as small as possible without obscuring the view of the surgery. This is
particularly important at the SCS battery site, as Kaafarani et al. [127]
found that large surgical wound size correlated with an increased rate
of SSI’s, when he compared open ventral incisional hernia repair vs
laparoscopic incisional hernia repair. The battery pocket should not
be configured larger than the battery size. The goal when creating the
battery pocket is to decrease dead space within the pocket, so that the
battery will not flip at a later time. Minimizing dead space within the
pocket also limits seroma development which can serve as a medium
for bacterial growth.

Excessive use of Electrocauterization as means of coagulative
necrosis may increase the rate of

SSIs: Soballe et al. [128] found that coagulative necrosis induced
by cautery of blood vessels most likely limits the ability of antibiotics to
reach the wound bed during the early postoperative period.

Yilmaz et al. [129] compared scalpel, electrocautery and ultrasonic
dissector effects to impact on wound complication and demonstrated
in terms of tissue destruction there is a higher incidence of pro-
inflammatory media with electrocautery use. TNF-a and IL-6 levels
were significantly higher in samples obtained from the drains of
patients operated with electrocautery.

Parlakgumus et al. [130] found in a prospective randomized
clinical trial that monopolar electrocautery has worse wound healing
than a tissue sealing-cutting device. The main outcomes measured were
surgical site infection, early wound failure (dehiscence), and unhealed
wound rate.

Development of wound infection reflects an imbalance between the
bacterial mediated tissue destruction and the eradicative ability of the
host immune system. The function of eradication is primarily mediated
by neutrophil, macrophage cells with antibodies and complement,
which facilitate the process of phagocytosis [131].

Excessive use of Electrocauterization, may also delay macrophage/
neutrophils migration to the wound, due to isolation of tissue as a
result of thermal coagulation. It may delay the removal of dead tissue
and bacteria. Minimal use of electrocautery is encouraged, in order
to avoid heavy thermal damage to the underlying tissues, which may
inhibit wound healing; especially, since infection rate is correlated with
the severity of tissue damage. Thus, during SCS implantation, bleeding
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should be controlled by the application of direct pressure, and light use
of Electrocauterization.

Prolonged surgical procedure time is correlated to SSIs: During
the SCS implantation procedure, one must follow strict adherence
to sterile technique to minimize risk of infection. Although absolute
sterility of the surgical field cannot be achieved due to airborne bacteria,
one may decrease the risk of airborne bacterial contamination of the
surgical wound through decreased surgical time. Prolonged surgical
procedure time [greater than 5 hours] will significantly increase the
postsurgical infection rate. In a 2011 study exploring post-op wound
infection, Bucher et al. [44] showed increased procedure duration
of implantable devices as a positive correlate with development of
a surgical site infection. The level of airborne bacteria should also
be reduced by limiting the number of personnel in the OR, as well
as limiting the traffic through the operating room at the time of the
procedure.

All operating Room should be maintained at positive pressure
with respect to the corridors and adjacent areas. The positive pressure
should prevent airflow from less clean areas into more clean areas. All
air should be introduced from the ceiling and exhausted at the floor.
The positive air pressure and lamellar air flow inside the operating
room may help to decrease SSIs.

Surgical techniques and instrumentation used in surgery may
also directly affect SSIs: Investigational models have demonstrated
how the technical variables of the surgical procedure influence the
risk of infection. McGeehan suggested in his study that some suture
materials appear to have a stronger adjuvant effect on infection
than others, and that certain suture materials produce conditions
unfavorable to multiplication of bacteria [132]. In addition, different
suture types have a different impact on wound healing and affect the
wound infection rate significantly [126].

Suture Types

For incision closure, simple interrupted sutures are recommended
due to their greater tensile strength compared to running sutures. Also,
with interrupted sutures, there is less potential for causing wound
edema and impaired cutaneous circulation, which may predispose to
impaired wound healing and infection. Also, it is recommended that
the suture length-wound length ratio be controlled to around 4-5.
Too many stitches may provide loci for bacterial anchoring, and thus
increase the chance of infection. Conventional simple running suture
in deep tissue is not recommended as it does not hold the wound
together well under tension. Additionally, a wound infection from a
conventional running suture may affect a larger wound area (Table 1).

Running locked sutures are highly discouraged during
SCS implantation for wound closure, as they may impair the
microcirculation surrounding the wound. Running locked sutures may
cause tissue strangulation due to increased tensile strength if placed
too tightly. This type of suture should be used only in areas with good
vascularization and requiring additional hemostasis such as scalp, etc.

In summary, the suture technique that is most favorable for wound
closure is the conventional interrupted suture. Simple running suture
may be used for subcuticular closure. Stapling is not recommended.
Smith et al. [133] studied data from 683 surgical wounds and found a
significantly higher risk of developing a wound infection with staple
closure when compared to suturing.

Size of Stitches

The incision closure should be performed in at least three layers

(deep, intermediate and superficial/subcuticular).

The sutures should be placed at least 5-8 mm from the wound
edge and about 8-10 mm apart, holding approximately 8 mm of tissue
depth. To avoid tissue strangulation, the sutures should not be tied too
tightly. It is necessary to keep at least 5 mm of space between stitches
horizontally and vertically. This will allow proper blood supply to
tissues between stitches and decrease the risk of tissue strangulation,
which may lead to improper healing, and infection. The key to closure
is to approximate wound edges with minimal tissue tension.

Larger stitches (bigger bites) horizontally and vertically are not
recommended. Millbourn et al. [134] did a clinical study, where 321
patients were randomized to closure with small stitches (stitches placed
5-8 mm from the wound edge and less than 5 mm apart) and 370 with
large stitches (stitches, placed more than 1 cm from the wound edge).
They found that infection and herniation were less common with small
stitches. With small stitches, there were no identified risk factors for
infection or herniation. With large stitches, wound contamination and
the patient being diabetic were independent risk factors for infection,
and long operation time and surgical site infection were risk factors for
herniation.

Surgical knots: Reduced knot size is recommended to avoid
excessive tissue reaction to both absorbable and non-absorbable
sutures. Excessive tension with suture tying used for approximation
should be avoided, as this may also contribute to tissue strangulation,
delayed healing, and infection.

Wound Cover: The goal of using wound dressing is to keep the
wound clean and dry, and to prevent favorable conditions for bacterial
growth. Sterile strips applied vertically across the wound and spaced 1-2
mm apart between sterile strips allow for fluid drainage if subcuticular
sutures are used. The reason to apply the sterile strips vertically across
the wound is to hold the edges of wound together to prevent wound
separation.

Sterile gauze and Tegaderm may be applied to the wound. Small
needle holes should be created on the Tegaderm during summer time
to keep moisture away from the wound. The dressing may be removed
and the wound can be opened to air 24 hours after the surgery. The key
is to keep the wound clean and dry. Removal of suture: interrupted
nylon sutures should be removed in 7-10 days.

*Anchoring leads

This is the technique used by the author to anchor the spinal cord
stimulator leads. It demonstrates one of the many techniques on how
to anchor the leads with minimal suture and without strangulation of
tissues.

The needles are removed with a push-pull technique under
fluoroscopic monitoring with careful attention to avoid lead retraction.
Two anchors are then bathed in antibiotic solution. The leads are then
passed through the anchors until the anchors enter the needle tract.
Double -eight anchoring technique is used to fix the anchor in place.
The long axis of the anchor should be pointing in the direction of the
epidural entry point. The double-eight technique is used to ensure
proper anchor fixation with minimal use of silk suture.

The double figure eight technique (Figure 1)

First, use a 2-0 silk suture needle to grasp the deeper fascia and
soft tissue at one side of both of the leads. This will firmly hold the
deeper fascia tissue with a suture loop, but not strangulating the tissue
(Figures 1A and 2). The suture loop should be loose enough to avoid
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Lateral view

Figure 1: Double 8 anchor fixation technique.

“~._ Suture loops to

hold fascia and

soft tissues

soft lissues\\

tissue strangulation. A minimum of three throw knots are required to
adequately hold the tissue.

Then you will tightly tie the closer lead (Figures 1B and 3). The
suture knot should be gradually pulled with tension allowing for a tie of
maximal tightness to firmly hold the lead anchor in place. A minimum
of three throw knots are required to adequately hold the first anchor

with the lead.

Then tightly tie the second lead with the same technique (Figures

1C and 4) as above.

Use the needle to vertically grasp the deeper fascia and soft tissue
on the other side of the leads and tie the tissue firmly with three
throw knots. Careful consideration again must be paid to avoid tissue
strangulation when performing these ties (Figures 1D and 5).

The same technique is used to tie the anchor about 5 mm away
from the first double-eight tie. You will suture the anchors in the same
direction as the leads are introduced by the toughy needles (Figure 6).

Conclusion

The intent of this article is to review current studies on surgical
site infection related to surgical techniques (Table 2), and to help
pain physicians reduce the risks of postoperative wound infection
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Sutures Tensile strength Absorption rate Reaction Common use Knot typing
Vicryl (the term "vicryl"
has been used generically Soft tissue approximation
referring to any synthetic Reduce to 65% 2 weeks Absorbed by hydrolysis in Mild and/qr Ilgatlgn, but not for Sguare K_ngt
absorbable suture made 60-70 days use in cardiovascular or | Surgeon’s or Friction Knot
primarily of polyglycolic neurological tissues.
acid.)
Rrogresswe deglfadatlon of Gradual encapsulation by Square Knot (May cause
. . fiber may result in gradual | L N .
Silk (Braided) loss of tensile strenath fibrous connective tissue. Moderate Ligation Acute inflammatory
over 1 year 9 Absorbed in 2 years reaction)
tensile strength is at 50- Rarely useq for
. 60% undyed (60-70% percut.aneous sklr} closure,  Square Knot (]ess of a
Monocryl (poliglecaprone dyed), at 2 weeks its 91-119 days Low and is not used in areas | tendency to exit through
25,) 20-%/()‘7 ’und ed (30-40% 4 of high tension. (may the skin after it breaks
° d eyd) ° use for subcutaneus down)
ved). approximation)
Square Knot
Nylon Dec. 15% in 1 year Non-absorbable Low skin closure S”rge"’? s or Friction Knot
(Monofilament) Needs six or more loops to
keep tension
Table 1: Possible Sutures used in this SCS implant.
SCS Leads Incision Suture loops o Suture ties
o o
i hold fasciaand  to hold leads

Figure 2: Use a 2-0 silk suture needle to vertically grasp the deeper fascia and
soft tissue at one side of both leads and firmly hold the deeper facial tissue with
a suture loop, but not strangulate the tissue. It is necessary to use three throw
knots to separate the low tension (soft tissue) loop from the high (anchor/lead)
tension loop.

Figure 3: Tightly tie the closer lead with three throw knots.
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WA
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Figure 4: Then tightly tie the second lead with the same technique.

Figure 5: Use the needle to vertically grasp the deeper fascia and soft tissue on
the other side of the leads/anchors and tie the fascia and soft tissue firmly with

three throw knots without strangulating the tissue
I I

e

Figure 6: The same technique is used to tie the leads/anchors once again
about 5 mm away from the first double 8 tie to fix the leads and anchors in the

same direction as the leads introduced by the needles.

Timing Goal Surgical Techniques to Reduce SSis
Control of diabetes mellitus

Correct malnutrition or obesity prior to surgery

Avoid surgery during radiation therapy and
immunosuppression if possible

Eliminate alcohol abuse and smoking before
Minimize planning surgery

Risk Factors | Control all localized infection or bacteria

and Optimize colonization such as remote skin infection or
the Patient's |UTI

Pre-operative

Medical Limit perioperative blood transfusions or

Status systemic steroid usage
Preoperative bathing with soap or chlorhexidine
if possible

No preoperative hair removal

Administration of a single preoperative dose of
antibiotic within 60 minutes of surgery (incision)

Positive air pressure and laminar air flow
inside the operating room as per the

Strictly Follow recommendations of the CDC and Healthcare
Aseptic Infection Control Practices Advisory Committee

Technique ~syerility of surgical field

and Minimize —— B .

Bacteria Limit surgical time

Exposure Limit operating room personal in/out of the
operating room

Optimize Optimize the patient’s oxygen

the Patient's  Maintain the patient’s body temperature

Conditions | Minimize the patient's stress with sedatives

Intra-operative Minimize or avoid the use of epinephrine

Small clear cut incision with a scalpel
No excessive use of electrocautery and
minimize blunt dissection to achieve minimal
tissue damage.

Minimize Intraoperative antibiotic wound lavagel/irrigation

Tissue Anchor the leads with a optimized technique*

damage Make sure the battery pocket is not configured
larger than the battery size. Close all potential
dead space within the small battery pocket with
a good suture technique.
Wound closure with optimized surgical
technique using the best size and type of
suture.

Optimize

Wound

. Healing gnd Keep wounds dry and clean. Instruct the patient
Post-operative  Decreasing )
) to change the dressings as needed.

Possible

Wound

Infection

Table 2: Optimized techniques to reduce SSls.

in spinal cord implantation. To achieve this, physicians should limit
tissue damage, and decrease bacterial inoculation of the surgical
wound. Tissue damage should be limited through avoiding the use
of epinephrine, controlling the length of the surgical incision and the
amount of dissection needed for the battery pocket, gentle handling of
soft tissues and avoiding tissue strangulation when suturing.

To decrease bacterial inoculations, antibiotic prophylaxis should
be routinely used. The selection of antibiotic is based on the patient’s
conditions, as well as the targeted bacteria. The goal is to prevent
blood transmission of bacteria from a remote body site, or of bacteria
inoculated in the deep tissue of the wound during surgery. Antibiotic
irrigation during the implantation surgery should be frequently used
to wash out any airborne bacterial seeding. Furthermore, the operating
room personnel, in terms of number and movement in and out of
the operating room during the surgery should also be controlled to
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minimize the contamination by airborne bacteria. The above efforts
may allow the rate of surgical site infection and wound complications
to be controlled to a minimal level, thus potentiating the utility of SCS
in the chronic pain patient.
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