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ABSTRACT
Background: Surgical site infections following Neurosurgical procedures are often associated with significant 
morbidity and mortality; constitute added economic burden and affect the patient’s quality of life negatively.

The primary source of pathogenic microorganisms is the patient’s skin flora, making preoperative skin antisepsis 
a primary focus for preventive strategies.

Objective: To review literature on various antiseptic agents used in neurosurgical practice and find out the most 
appropriate and effective agent(s) in preventing surgical site infections.

Methods: A search in PubMed and Google scholar was made and various published articles on the use of antiseptic 
agents in preventing SSI in neurosurgery were reviewed.
Results: Reviewed literature revealed that sequential use of 4% chlorhexidine and 10% povidone iodine is 
associated with significant reduction in both transient and resident’s pathogens, as well as surgical site infections.

Conclusion: A review of relevant scientific literature supports sequential use of 4% chlorhexidine and 10% 
povidone iodine in prevention of surgical site infections in neurosurgery.
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Introduction
“Antisepsis relieved patients from the terrors of death and gave 
to the surgeon restful nights and joyous days.” William Williams 
Keen.

Surgical site infections refer to the infection of tissues, organs or 
spaces exposed by surgeon during invasive procedure occurring 
within 30days of the procedure or 1year if an implant is used [1]. 
They are common complication of surgical interventions and 
remain a burden on clinical practice.

Surgical site infections are the most common nosocomial infections 
responsible for approximately 20% of health care related infections 
and 40% of surgical infections in the United States [2,3].

The rate of surgical site infections in neurosurgery varies, ranging 
between 0.8- 8.1% worldwide [4-14]. 

Surgical site infections following Neurosurgical procedures are 
associated with devastating outcomes and high economic costs 
because of prolong hospital stays, additional investigations, 
requirement for complex treatments, in some cases re-operation. 
The long-term sequelae such as seizures, hemiparesis will hinder 
economic productivity, loss of wages and consequently compound 
the financial burden. 
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The development of surgical site infection occurs when bacterial 
contamination of the surgical site overwhelms the host’s immune 
system. Skin commensals, such as Staphylococcus aureus, 
Coagulase negative staphylococci, Propionibacterium acne 
and, to a lesser extent, Acinetobacter baumannii, Enterococcus 
faecium, Klebsiella pneumonia, Pseudomonas aeruginosa are the 
most common pathogenic organisms implicated in Neurosurgical 
surgical site infections [5,15-21]. 

The primary source of pathogenic microorganisms is the patient’s 
skin flora [5], making preoperative skin antisepsis a primary focus 
for preventive strategies. 

Preoperative skin preparation of the surgical site using appropriate 
antiseptic products is one of the important interventions to prevent 
surgical site infections. The aim of surgical preparation of the skin 
with antiseptics is to remove transient microorganisms on the skin 
surface and to reduce the resident flora to a low level.

The idea that wounds can be rendered less prone to infection has 
been recognized since antiquity. Hippocrates described the use of 
wine (alcohol) to prevent infections in wounds during the 4th and 
5th centuries before Christ [22]. 

The modern concept of preoperative skin preparation was birthed 
in 1867, when Joseph Lister, a British Professor of Surgery, used 
a carbolic acid aerosol to disinfect the skin before surgical incision 
and documented a significant reduction in postoperative morbidity 
and mortality [23]. Lister found a reduction in mortality from 
compound fracture wounds following application of Carbolic acid 
from 45% to 15% [24]. He later introduced the use of carbolic acid 
spray in the operating area.

Over the years, many substances were introduced as antiseptic 
agents including phenol, tincture of iodine, surgical spirit/
ethanol/isopropanol, Merthiolate, hexachlorophene, quaternary 
ammonium compounds, iodophor, and chlorhexidine [22-24].

Classifications of surgical site infections
Horan and Colleagues proposed a classification system for surgical 
site infections according to the anatomical depth of the infections 
into Superficial incisional, Deep incisional and Organ/Space 
Surgical site infections, was adopted by Centre for Disease control 
and Prevention (CDC) [25]. 

Superficial incisional surgical site infection involves the skin and 
subcutaneous tissue, deep incisional involving the fascia or muscle 
layers, and organ/space involves an organ or a space.

Surgical site infections following Cranial procedures comprise 
a spectrum of infectious processes; superficial incisional scalp 
infections, deep incisional infections such as subgaleal abscess, 
calvarial osteomyelitis, cranial epidural abscess and organ/space 
infections such as, bacterial meningitis, ventriculitis, subdural 
empyema, and cerebral abscess. 

Surgical site infection following spinal surgeries include: 
superficial Incisional involving the skin, and subcutaneous tissue, 
deep incisional involve the fascial and muscle layers, and Organ/
space SSIs occurring below the fascial and muscle layers which 
include the following: osteomyelitis, diskitis, epidural spinal 
abscess, and per prosthetic joint infections.

Microbiology of Neurosurgical SSI
The etiological agents of surgical site infection following 
Neurosurgical procedures can be monomicrobial or polymicrobial. 
The resident polymicrobial flora comprising of aerobic and 
anaerobic bacteria, mainly the Staphylococcus aureus, Coagulase 
negative Staphylococci (Staph epidermidis), Propionibacterium 
acne, Acinetobacter baumannii and resident fungi are the main 
agents implicated in post Neurosurgical SSI [26]. 

The most common pathogen implicated is Staph. Aureus accounting 
for 40-50%, followed by Coagulase negative (Staphylococcus 
epidermidis) and Propionibacterium acne [5,15,18-20,27]. 
Other pathogens responsible for neurosurgical surgical site 
infections include Acinetobacter baumannii, Enterococcus 
faecum, Klebsiella pneumoniae, Pseudomonas aeruginosa among 
others [5,15,18,19,27,28].

Pathogenesis of Surgical Site Infections
SSI commonly occurs following invasion of the surgical wound by 
pathogens during surgical interventions leading to contamination. 
The most common source of this contamination is from the patient’s 
endogenous skin flora. Other causes of infection include operating 
room personnel, hematogenous seeding, or early postoperative 
contamination.

This interplay between the host and pathogen is represented by the 
Altemeier equation [29]. 
Risk of SSI = Bacterial contamination X Virulence of the bacteria/ 
Host resistance.

The first step in the pathogenesis of SSI is the contamination of the 
surgical site by the pathogens, and the dose of inoculums required 
is 10,000 colony forming unit per gram of tissue or per ml, though 
a lesser dose is required in the presence of foreign materials [30]. 

The degree of bacterial contamination depends on the class of the 
surgical wound. Berard and colleagues classified surgical wounds, 
which were adopted by Centre for Disease Control and prevention 
(CDC) into; Class I (clean), Class II (clean/contaminated), Class 
III (contaminated), and Class IV (dirty wounds).

Clean wounds (class I): These are surgically created wounds in 
which no inflammatory focus is encountered, no break in aseptic 
technique and no microbiologically colonized hollow viscus is 
entered.

Clean/contaminated wounds (Class II): include those in which a 
hollow viscus such as the respiratory, alimentary, or genitourinary 
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tracts with indigenous bacterial flora is opened under controlled 
circumstances without significant spillage of contents.

Contaminated wounds (Class III): include open accidental 
wounds encountered early after injury, those with gross spillage 
of viscus contents such as from the intestine, or incision through 
inflamed, albeit non-purulent tissue.

Dirty wounds (Class IV): include traumatic wounds in which a 
significant delay in treatment has occurred and in which necrotic 
tissue is present, those created in the presence of overt infection as 
evidenced by the presence of purulent material, and those created 
to access a perforated viscus accompanied by a high degree of 
contamination. 

However, Narotam and colleagues classified neurosurgical wounds 
based on degree of contamination into 5 classes [31]. 

Clean
Surgery is usually elective, under strict aseptic conditions, with 
closed suction drainage placed in the subgaleal space for a period 
not exceeding 24 to 48 hours.

Clean with foreign body
"Clean with foreign body”, cases would meet all other criteria for 
clean surgery but would have permanently or temporarily implanted 
foreign materials present, namely, shunts, intracranial pressure 
monitors, reservoirs, and ventricular drains. Large metallic foreign 
materials such as methyl methacrylate (acrylate) are included. 
Smaller metallic foreign materials such as aneurysm clips and 
ligaclips were excluded. Sutures (vicryl) and monofilamentous 
materials (stainless steel wire) used for standard neurosurgical 
procedures and routine wound closure were also excluded. 

Clean contaminated
Known risk factors in the "clean contaminated" group were entry 
into the paranasal sinuses, cranial base fractures, breaches in 
standard surgical techniques, and surgery taking longer than 2 
hours.

Contaminated
Although no frank sepsis was present, contamination of the 
operative site was known to have occurred, namely, compound 
skull fractures, open scalp lacerations at the operative site (older 
than 4 h), patients with CSF leakage, and finally, a subsequent 
operation at the same surgical incision within a period of 4 weeks.

Dirty
The "dirty" category comprised patients with sepsis already present 
at the time of surgery, namely: brain abscess, subdural empyema, 
ventriculitis, meningitis, osteitis, and purulent skin infection.

Virulence of the bacterial agent also contributes to the establishment 
of the deleterious effects on the host. Some bacteria produce 
enzymes that help to invade deeper tissues, also some damage 
could be aggravated by the production of toxins by the bacteria. 

Exotoxins are releases by viable bacteria, while endotoxins are 
integral cell wall component that are release only on microbial cell 
death. 

Following contamination, the bacteria begins to grow and divide, 
however without provoking host response –a process called 
colonization.

The continued growth, multiplication and invasion of the host 
tissues leads to cellular injury and hence host response which could 
be local (Surgical site infections) or systemic, in severe cases.

CDC Criteria for Diagnosing SSI
Horan and colleagues devised a system of diagnosing and grading 
the severity of SSI, which was adopted by CDC. They classified 
SSI into three groups namely superficial incisional SSI, Deep 
incisional SSI and Organ/Space SSI-depending on the site and 
extent of the infection [25]. 

Superficial Incisional SSI is defined as the Presence of the 
Following Two Criteria;
1. Infection occurring within 30 days of procedure.
2. Involve only the skin or subcutaneous tissue around the incision.

At least one of the following criteria:
1. Purulent discharge from the superficial incision.
2. Organism isolated from an aseptically obtained culture of fluid 
or tissue from superficial incision.
3. At least one of the following signs or symptoms of infection; 
pain or tenderness, localized swelling, redness or heat and the 
superficial incision is deliberately opened by the surgeon unless 
the incision is culture negative.
4. Diagnosis of superficial incisional SSI made by a surgeon or 
attending physician.

Superficial incisional SSI is divided into two (2)
1. Superficial Incisional Primary (SIP): Superficial incisional SSI 
in the primary incision in a patient who has had an operation with 
more than 1 incisions.
2. Superficial Incisional Secondary (SIS): SSI in the secondary 
incision in a patient who has had an operation with more than 1 
Incision (e.g., donor site [ant-sup iliac spine] incision for ACDF). 

Deep Incisional SSI
1. Infection occurring within 30days of the operative procedure.
2. Involve deep soft tissues of the incision (fascial and muscle 
layers)

At least one of the following:
1. Purulent drainage from the deep incision.
2. A deep incision that spontaneously dehisces or is deliberately 
opened or aspirated by a surgeon, or an attending physician 
because of fever, localized pain, or tenderness.
3. An abscess or other evidence of infection involving the deep 
incision that is detected intraoperatively, or by radiological or 
Histopathologic examinations.



Volume 2 | Issue 1 | 4 of 6Med Clin Case Rep; 2022

Deep incisional SSI is divided into two (2)
1. Deep Incisional Primary (DIP): SSI that is in a primary incision 
in a patient who has had an operation with one or more incisions.
2. Deep Incisional Secondary (DIS): SSI in the secondary incision 
in a patient who has had an operation with more than 1 incision 
(example donor’s site [ant-sup iliac spine] incision for ACDF). 

Organ/Space SSI
1. Infection occurs within 30days of the operative procedure and 
involves any part of the body deeper than the fascial/muscle layers 
that is opened or manipulated during the operative procedure.

Plus, one of the following:
1. Purulent drainage from a drain that is placed into the organ/
space.
2. Organisms cultured from an aseptically obtained fluid or tissue 
in the organ/space.
3. An abscess or other evidence of infection involving the organ/
space that is detected intraoperatively or by radiological or 
histopathologic examinations.

Prevention of Surgical Site Infections
Prevention of Surgical site infections refer to any action or set 
of actions intentionally taken to reduce the risk of surgical site 
infection [30]. 

Over the past decades, various strategic interventions aimed 
at reducing the incidence of surgical site infections, and by 
extension its attendant associated morbidity, added financial 
cost and mortality were developed and implemented. Strategies 
were directed towards either enhancing the host defense 
system against infection such as identification and mitigation 
of modifiable risk factors, and those aimed at reducing the risk 
bacterial contamination of the surgical site and instruments such as 
preoperative skin preparation, sterilization of instrument, and strict 
aseptic techniques. Other adjuncts include antibiotic prophylaxis 
and meticulous surgical technique.

The patient skin’s commensals is the primary source of bacterial 
responsible for surgical site infection [5], optimal preoperative 
antiseptic skin preparation is therefore crucial in preventing 
surgical site infections.

Preoperative Skin Antisepsis
Optimal antisepsis of the surgical site, which is the major source 
of pathogens, is an effective preventive measure of surgical site 
infection.

The goal of skin antisepsis in the surgical patient is to reduce the 
microbial burden on the surface of the skin to a sub pathogenic 
level before surgical incision, thereby reducing the risk of wound 
contamination.

An effective preoperative skin antiseptic, as defined in the US Food 
and Drug Administration document “Tentative Final Monograph 
for Healthcare Antiseptic Products,” is an agent that rapidly (i.e., 

within 10 minutes of application) reduces the number of transient 
and resident microorganisms in the surgical field before wound 
incision and suppresses rebound growth for six hours after 
application [32]. In addition, it should be nontoxic and non-irritant.

The most commonly use antiseptic agents in neurosurgical 
procedures are 4% Chlorhexidine and 10% Povidone iodine [33].

10% Povidone iodine
Povidone-Iodine is a water-soluble iodophor (or iodine-releasing 
agent) which consists of a complex between iodine and a 
solubilizing polymer carrier, polyvinylpyrrolidone, which acts as 
a reservoir for ‘‘free’’ iodine (the active component). This unique 
complex was discovered in 1955 at the Industrial Toxicology 
Labora tories in Philadelphia by H. A. Shelanski and M. V. Shel-
anski [34,35].

The iodine is slowly released and delivered to the bacterial cell 
surface where it penetrates the cell membrane and inactivates key 
cytosolic proteins, fatty acids, and nucleotides.

Iodine has broad-spectrum antibacterial activity, as well as activity 
against fungi, protozoa, viruses, and some bacterial spores.

A drawback of povidone iodine is that, it is inhib ited by blood, pus, 
fat, glove powder as well as protein containing solutions [34,35].

4% Chlorhexidine
Chlorhexidine is a polycationic bisbiguanide with broad spectrum 
antimicrobial activity discovered in 1954 [36]. Chlorhexidine 
damages the outer bacterial surface layers, thereby promoting its 
own uptake and subsequently attacking the cytoplasmic or inner 
membrane of the organism. The bactericidal effect because of the 
binding of the Chlorhexidine cationic molecules to negatively 
charged bacterial cell walls and extra microbial complexes. 

At low concentrations, Chlorhexidine causes an alteration of 
bacterial cell osmotic equilibrium, resulting in leakage of potassium 
and phosphorus, and inhibits growth (i.e., it is bacteriostatic).

At high concentrations, Chlorhexidine produces a rapid bactericidal 
effect by causing the cytoplasmic contents of the bacterial cell to 
precipitate, resulting in cell death.

The advantage of chlorhexidine over povidone iodine is that it is 
not inactivated by blood or serum protein and exhibits a residual 
antimicrobial activity on the surface of the skin, suppressing 
microbial growth for several hours after application [34-36]. 
However, some of the side effects of chlorhexidine include skin 
rashes and allergy.

Chlorhexidine has a broad spectrum of activity that comprises 
gram-positive and gram-negative microorganisms, non-spore-
forming bacteria, fungi, and lipid-enveloped virus, including 
human immunodeficiency virus (HIV) [36]. 
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Combination of 4% Chlorhexidine and 10% Povidone Iodine
Because Chlorhexidine and povidone iodine have different cellular 
targets and different mechanisms of action, these differences may 
prove beneficial when using these two antiseptics in combination.

Chlorhexidine damages the outer membrane, which would 
augment access to the intracellular targets necessary for the 
bactericidal action of povidone iodine. 

Studies have compared microbial counts after application of 
Chlorhexidine and povidone iodine alone and in sequential 
combination and concluded that the latter was more effective in 
reducing skin microbiota during preoperative preparation of the 
area of surgery.

Langgertner et al. in a randomized control trial in Germany, found 
bacterial growth of 30.8% against 4.7% from central venous 
catheter tip in patients who had preoperative skin preparation 
with Povidone iodine alone versus combined Chlorhexidine and 
povidone iodine respectively [37]. In another randomized control 
study at St Agnes Medical Centre Philadelphia, USA, involving 
342 patients for allograft skin grafting, May and colleagues found 
residual bacterial contamination of 13.7% and 5.6% following 
skin preparation with povidone iodine alone versus combined 
Chlorhexidine and povidone iodine respectively [38]. 

Guzel and colleagues in Turkey, in a randomized control trial with 
100 patients;50 patients going for Spine surgery and 50 going for 
cranial surgeries found residual bacterial contamination in 5% and 
9% following skin preparation with chlorhexidine alone in spinal 
and cranial surgeries respectively. However, following addition of 
povidone iodine, the residual bacterial counts were 0% [39].

In a study at Queens University Medical Centre Belfast, United 
Kingdom, Patrick et al randomized 407 patients going for Spine 
surgeries and found residual bacterial contamination in 29.1% of 
patients who had preoperative skin antisepsis with povidone iodine 
alone, but 4.7% in those who had Chlorhexidine and Povidone 
iodine [40]. 

In a retrospective study, using rate of surgical site infection as 
primary outcome, involving 1146 patients that had cranial surgeries 
at Greater Manchester Neurosciences Centre United State, Davies 
and Patel found the rate of surgical site infection to be 3.2% in 
those who had preoperative skin antisepsis with Povidone iodine 
alone, but 0.9% in those who had combined Chlorhexidine and 
povidone iodine [41].

Conclusion
Reductions in both transient and resident pathogens, as well as 
the incidence of Neurosurgical surgical site infections are best 
achieved with sequential application of 4% Chlorhexidine and 
10% Povidone iodine.
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