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Abstract
Object: Pre-incisional skin preparation with an antiseptic solution is crucial in preventing SSI. However, a lack
of consensus in both general and spine surgery regarding the preference of skin preparation methods continues.
The goal of this study is to evaluate the preferred method of pre-operative skin preparation for spine surgery in
various academic and non-academic institutions in the United States.
Methods: The study data were generated from a telephone survey that emphasized the type of preoperative
antiseptic solution used in spinal surgery. The options were: Betadine (povidone-iodine), DuraPrep (iodine-povacrylex
and isopropyl alcohol), ChloraPrep (2% chlorhexidine and 70% isopropyl alcohol), and any possible combinations. A
total of 128 neurosurgical departments across the United States were contacted, including all 98 ACGME accredited
neurosurgical programs. Results were reported on the basis of type antiseptic solution used by each institution and
by geographical region based on United States census regional distribution.
Results: Most of the neurosurgical centers used DuraPrep followed by ChloraPrep and then Betadine. Thirtyseven centers used various combinations either as a preference in isolated cases or as a combination. The surveyed
neurosurgical departments came from all 9 regions in the United States (Pacific, Mountain, West south central, West
north central, East north central, East south central, South Atlantic, Middle Atlantic, and New England. ChloraPrep is
the preferred choice in 5 regions, whereas DuraPrep is preferred in the other 3 regions.
Conclusions: Although most of the literature is in favor of ChloraPrep over Betadine or DuraPrep in reducing
SSI, the majority of neurosurgical departments continue to use iodine solutions in spine procedures.

Keywords: Spine; Anti-septic solutions; Surgical site infection;
Preoperative preparation; Iodine chlorhexidine
Introduction
The incidence of surgical site infection (SSI) varies from 0.7 to
11.9 % after spinal surgical procedures [1-4]. Pre-incisional skin
preparation with an antiseptic solution is crucial in preventing
SSI. ChloraPrep® (2% chlorhexidine and 70% isopropyl alcohol;
CareFusion, Inc., Leawood, KS) and DuraPrepTM (iodine-povacrylex
and isopropyl alcohol; Surgical Solution, 3M Health Care, St. Paul,
MN) are among several alcohol based skin preparations approved by
the U.S. Food and Drug Administration for use prior to surgery and
have become increasingly popular over the last 2 decades amongst
spine surgeons. Iodine has been recognized for its ability to prevent
skin infections since its discovery in 1811. Betadine® (Microbicides,
Purdue Products L.P., Stamford, CT) is a brand name for a range
of povidone-iodine topical antiseptics that have been in use in the
operating room for over half a century.
Two recent meta-analyses reported that the use of chlorhexidine
significantly decreased the risk of SSI compared with iodine in general
surgical procedures and related specialties [5-6]. However, almost at the
same time, a Swenson et al study reported lower SSI rates in general
surgical procedures with the use of povidone-iodine preparation
compared to chlorhexidine [7]. Therefore, a lack of consensus in both
general and spine surgery regarding the preference of skin preparation
methods continues.
The aim of our study is to evaluate the preferred method of preoperative skin preparation for spine surgery in various academic
and non-academic institutions in the United States through a simple
telephone survey.
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Material and Methods
The study data were generated from a telephone survey, which
covered aspects of institutional and personal neurosurgical experience.
Only neurosurgical departments were contacted, and in all cases a
member of the neurosurgical faculty was contacted and questioned.
The name of the contacted faculty member was not registered, and the
questions were asked under those pretences. The survey included one
simple question that emphasized the type of preoperative antiseptic
solution used in spinal surgery. The options were: a) Betadine, b)
DuraPrep, c) ChloraPrep, and any possible combinations.
The institutional names and telephone numbers were obtained
from the 2011 U.S. News and World Report. First time non-responders
were re-contacted several times until data was collected. A total of
128 neurosurgical departments across the United States (including
Puerto Rico) were contacted, including all 98 ACGME accredited
neurosurgical programs.
Results were reported on the basis of type antiseptic solution
used by each institution and by geographical region based on United
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States census regional distribution [7]. For data analysis, answers were
entered onto a Microsoft Excel spreadsheet. The results are presented
in percentage.

Pacific:

Results

Arizona, Colorado, Idaho, Montana, Nevada, Utah, Wyoming

Within 2 months, one hundred twenty six responses were obtained,
which was a response rate of 98.4%. Two programs did not respond
after numerous attempts at contact. The analysis revealed that most
of the centers (n=73, 57.93% ) overall preferred the use of DuraPrep
(iodine povacrylex and isopropyl alcohol) followed by ChloraPrep
(n=68, 53.96%) and then Betadine (n=49, 38.88%). Some centers
(n=37, 29.36%) used different types of solutions either as a preference
in isolated cases or as a combination, using 2 or more agents in the same
case. Within the centers surveyed regarding skin preparation preference
that commonly use more than one type of solution: 3 (8.10%) used
DuraPrep and/or ChloraPrep ; 11 (29.72%) used DuraPrep and/or
Betadine; and 23 (62.16%) would potentially use all three in isolation or
combination. No centers used both ChloraPrep and Betadine (Figure 1
and Figure 2).

Arkansas, Oklahoma, Louisiana, Texas

The surveyed neurosurgical departments, including all 98 ACGME
accredited programs, came from all 9 regions in the United States as
determined by the US Department of Commerce, Economics and
Statistics Administration, U.S. Census Bureau and, Prepared by the
Geography Division, 2011 (Table 1). The surveyed neurosurgical
programs came from the Pacific (n=13, 10.3% ), Mountain (n=4, 3.17%),
West south central (n=9, 7.14%), West north central (n=11, 8.73%),
East north central (n=33, 26.19%), East south central (n=8, 6.34%),
South Atlantic (n=19, 15.07%), Middle Atlantic (n=20, 15.87%), and

Alaska, California, Hawaii, Oregon, Washington
Mountain:
West South Central:
West North Central:
Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, South Dakota
East North Central:
Ohio, Illinois, Indiana, Michigan, Wisconsin
East South Central:
Alabama, Kentucky, Mississippi, Tennessee
South Atlantic:
Delaware, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia,
Washington D.C., West Virginia
Middle Atlantic:
New Jersey, New York, Pennsylvania
New England:
Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont
Information obtained from the US Department of Commerce, Economics and
Statistics Administration, U.S. Census Bureau and, Prepared by the Geography
Division, 2011
Table 1: Census Regions and Divisions of the United States.

Figure 3: Preoperative Antiseptic Choice per US Region.

Figure 1: Venn Diagram of Preopereative Antiseptic use among Neurosurgical
Programs surveyed in 2012.

New England (n=10, 7.93%). Puerto Rico is not included as a region,
though it was surveyed. The preferred antiseptic preparation method
by region is represented in Figure 3. ChloraPrep is the preferred choice
in 5 regions, whereas DuraPrep is widely used in 3 regions. Only one
region, New England, uses different antiseptic solutions, without a
particular preference.

Discussion
SSIs can prolong hospital stay, increase the rate of readmission
including to the intensive care unit and increase the potential for death.
There is also a significant increase in the overall cost of treatment [5,810]. According to the Centers for Disease Control and Prevention
(CDC) approximately 290,000 surgical site infections occur annually
after general surgical procedures in the United States, representing 22%
of all health-care-associated infections and resulting in $1 billion to $10
billion in medical costs [11]. In spinal surgery, the incidence of SSIs can
be as high as 12% and can increase the cost of treatment up to 4-fold
[12].
Figure 2: Preoperative Antiseptic use among Neurosurgical Programs, 2012.
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Since the most common pathogens causing SSIs are components of
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normal skin flora which include Staphylococcus aureus and coagulasenegative staphylococci, antiseptic preoperative skin preparation is
crucial for prevention of SSIs [13,14]. Although Staphylococcus aureus
is considered the most frequent (20-30%) isolated single pathogen,
gram-negative bacteria (Escherichia coli, Klebsiella, Enterobacter,
Pseudomonas aureginosa, Proteus) are also reported [3,15]. Most of
them (80-90%) are superficially located and are the target for antiseptics
[16].
Topical antiseptics have been in use for the past 2 centuries. The
famous surgeon Joseph Lister first described his experience with
carbolic acid as an antisepsis and prophylactic maneuver in 1867.
Carbolic acid was originally discovered by Friedlieb Ferdinand Runge
in 1834 when he combined, distilled and filtered different acids and base
substances [17]. Dr. Lister applied liquid carbolic acid for the treatment
of compound fractures as an antiseptic measure. He observed that the
application of this chemical substance exercised a local sedative effect,
relieving the pain almost immediately while at the same time reacting
with the blood, with which it formed a firm mass that hardened into a
dense crust that retained the antiseptic property of carbolic acid over
a longer period of time [18]. In a later statement, Dr. Lister comments
on the use of carbolic acid not only as an antiseptic for washing the
wounds after operations, but also for purifying the surrounding skin,
the hands of the surgeon, and the instruments [19]. However, in the
early stages of the 20th century, no surgeon considered, in comparison
with other measures, that antiseptics played more than a minor role
in the prevention of infections. [20] Fleming argued against the use
of antiseptics to wounds, mentioning that antiseptics result in greater
harm. [21,22]. During this period, however, the prevention of infection
in wounds using antiseptics was proved convincingly in animal models
[23-25]. Afterwards, a considerable number of series investigating the
early application of antiseptics indicated that the prophylactic treatment
of superficial wounds with antiseptics is justified [23].
The choice between antiseptic skin preparations is debated amongst
surgeons. The CDC has recommended using 2% chlorhexidine-based
preparation to clean the site of insertion of vascular catheters, [26]
reducing catheter-associated infection by 50% when compared with
povidone-iodine, [27] but this is a much shorter and cleaner procedure
than open surgery. To date there have been no guidelines developed for
skin preparation to prevent SSIs after open surgery. There are several
studies outside the field of spine evaluating methods of skin preparation
prior to open surgical procedures. Many surgeons in the United States
prefer alcohol based preparations while the majority of European
centers continue to use iodine based preparations as a standard of care.
A Cochrane database systematic review performed in 2004 of all
antiseptic methods and agents failed to demonstrate priority of any skin
antiseptics in open surgery [28]. A more recent meta-analysis published
by Lee et al in 2010 searched multiple databases for systematic reviews
and randomized controlled trials to compare these two skin preparation
approaches [5]. Of the seven eligible studies, the use of chlorhexidine
significantly decreased the risk of SSI, compared with the use of iodine.
They conclude that although chlorhexidine is more costly than iodine,
decreasing the SSIs after its use should reduce the overall costs. One of
the limitations to this study was that three large studies contributed to
75% of the patients outcomes. The first study is from Darouiche et al
in 2010, where 409 cases with chlorhexidine-alcohol preoperative skin
scrub were compared to 440 cases with povidone-iodine scrub [29].
Surgical site infection rate in clean contaminated cases was significantly
lower in the chlorhexidine–alcohol group than in the povidone–iodine
group (9.5% vs. 16.1%). The other two studies were: Berry et al in 1982
with a total of 453 patients that showed 44 SSIs with chlorhexidine
Clin Microbial
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preparation vs. 61 cases with iodine, [30] and the Brown et al study in
1984 that reported 23 SSIs in the chlorhexidine–alcohol group vs. 29 in
the iodine group in 378 studied cases [31]. Another recent systematic
review from Noorani et al. identified six eligible studies with total 5031
patients and also gave preference to chlorhexidine for SSI prevention
[6]. This review evaluated conference proceedings from major surgery
meetings, although some studies included in both reviews overlap.
The most recent large study from Switzerland favors povidoneiodine-alcohol skin preparation [32]. They analyzed a total of 1014 skin
cultures from 1005 patients and revealed a low rate of SSIs – 4.04%. Low
SSIs after iodine skin preparation were also reported by Swenson et al,
who studied effects of three preoperative skin preparations on SSIs in
3209 cases, for a 6 month period for each agent [33]. For period one
(January 1 – June 30, 2006) they used a povidone-iodine scrub-paint
combination (Betadine) with an isopropyl alcohol application between
these steps, for period two (July 1, 2006 – December 31, 2007) - 2%
chlorhexidine and 70% isopropyl alcohol (ChloraPrep), and period
three (January 1 – June 30, 2007) - iodine povacrylex in isopropyl
alcohol (DuraPrep). Both preparations with iodine revealed lower
infection rates compared to ChloraPrep (3.9% for period three and
6.4% for period one, compared to 7.1 for period two).
Although there are statistically significant studies in large number
of patients that try to identify the best methods for skin preparation
in various types of general surgery, there is no unifying conclusion.
Skin preparation solutions have not been evaluated in spinal surgery;
therefore, as shown in the results of our study, the preferred method for
skin preparation is related to the surgeon’s predilection. In terms of skin
decontamination prior to spine and cranial neurosurgery, there is little
data to guide the surgeon. One study from Guzel et al examined growth
of skin flora after different skin preparations [34]. While 74% of initial
cultures from the skin grew bacteria, the use of chlorhexidine followed
by Betadine administration showed a significant decrease in bacterial
growth with 28% after chlorhexidine administration and to 0% after the
following Betadine application. However, the number of patients in this
study was small, and the authors failed to study postoperative infections
in those patients.
Each one of the studied antiseptic preparations presents different
advantages and disadvantages over the other solutions for skin disinfection
in spine surgery. Betadine is a povidone-iodine whose active ingredient
is an iodophor. Iodophors are polymerized iodines that make them
water soluble, slowly releasing iodine and thus decreasing the risk of
skin irritation. Elemental iodine, although it is a potent antiseptic is
a strong skin irritant [35,16]. Betadine can be used around mucous
membranes, the dura, conjunctiva and corneal tissues. It requires a
2-step scrub and paint application that lasts approximately 2 hours and
has excellent coverage against gram positive bacteria and is fairly good
against gram negative, fungi, virus and Mycobacterium tuberculosis.
[36] Potential disadvantages of iodine-based solutions are the average
drying time of 3 minutes and skin irritation and /or an allergic reaction
that may occur. Betadine’s activity is limited by the amount of time the
agent is in contact with the skin and its low overall duration. DuraPrep
meanwhile, has a longer duration (48 hours), resists wash-off by saline
and blood products, and has a better coverage against gram negative
and Mycobacterium tuberculosis. An additional feature of DuraPrep is
its ability to enhance adhesion between surgical drapes and the prepared
skin surface, limiting the spread of organisms onto the surgical field
[36,37]. Additionally, alcohol-based solutions (DuraPrep) should not
be applied to mucous membranes, and a potential towards flammability
exists [34]. There have been a number of reports using alcohol based
preps such as DuraPrep and ChloraPrep (see below) in which fires and
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burns to the skin have occurred after the preps have inadvertently been
ignited with electrocautery in cases where full drying was not permitted
[38-41]. A recent article describes superficial burns with ChloraPrep
use immediately following shoulder arthroscopic surgery [42].
Chlorhexidine has been used in Europe since 1954 and in the
United States since 1977. It is composed of a water-soluble, cationic
biguanide that binds to the negatively charged bacterial cell wall,
resulting in osmotic disequilibrium across the bacterial cell wall at
low doses. However, at high doses, chlorhexidine causes precipitation
of cytoplasmic contents, denaturizing proteins and causing cell death
[36,43,44]. Chlorhexidine is not reabsorbed from skin, does not require
a waiting time for drying, has immediate onset of action, and provides a
broad coverage against gram positive and negative bacteria, facultative
anaerobes and aerobes, yeasts, and some lipid-enveloped viruses
including HIV [44]. ChloraPrep contains high doses of chlorhexidine
(2%), although recent study from Japan found that 0.5% chlorhexidine
is as effective as 1% and 2%, based on skin testing on 74 adult volunteers
[45]. Potential disadvantages include its flammability and its higher
cost compared to iodine [5]. Although chlorhexidine is generally,
considered safe, potential and very dangerous complications can occur.
Corneal damage due to its toxicity has been reported. In cervical
spine cases, leakage of chlorhexidine into the eye can occur. It may be
difficult to monitor if the skin disinfectant gets into the eye particularly
when the patient is in the prone position during surgery. A few cases
of corneal damage have been described resulting in various degree of
vision loss up to blindness, some even requiring corneal transplants
after the use of chlorhexidine [46]. Additional reported side effects
of chlorhexidine include dermatitis, ototoxicity, and hypersensitive
reaction with anaphylaxis.

Conclusions
Our study provides a comprehensive analysis on the preferred
skin preparation for spinal surgery amongst the leading neurosurgical
departments in the United States. The results show a wide discrepancy
in the choice of preparation, concluding that it all comes down to the
attending surgeon’s preferences. Even though most of the literature is
in favor of ChloraPrep over Betadine or DuraPrep in reducing SSI, the
majority of neurosurgical departments continue to use iodine solutions
in spine procedures.
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