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Abstract

Prosthetic joint infection (PJl) is a serious complication after total joint arthroplasty (TJA).
Chlorhexidine is a widely used antiseptic because of its rapid and persistent action. It is well
tolerated and available in different formulations at various concentrations. Chlorhexidine can be
used for pre-operative skin cleansing, surgical site preparation, hand antisepsis of the surgical team
and intra-articular irrigation of infected joints. The optimal intra-articular concentration of
chlorhexidine gluconate in irrigation solution is 2%, to provide a persistent decrease in biofilm
formation, though cytotoxicity might be an issue. Although chlorhexidine is relatively cheap,
routine use of chlorhexidine without evidence of clear benefits can lead to unnecessary costs,
adverse effects and even emergence of resistance. This review focuses on the current applications
of various chlorhexidine formulations in TJA. As the treatment of PJl is challenging and expensive,
effective preparations of chlorhexidine could help in the prevention and control of PJI.
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Background

With surgical advancements in total joint
arthroplasty (TJA), the incidence of complications
after TJA has considerably decreased. However,
prosthetic joint infection (PJI) remains a serious
complication after TJA and an increasing proportion
of revisions are being performed for PJI [1]. Advances
in infection control practices like laminar flow
operating rooms, methicillin resistant Staphylococcus
aureus (MRSA) screening, preoperative skin cleansing
and antimicrobial prophylaxis have been shown to be
effective [2]. Despite these measures, infection
remains as a major cause of morbidity and mortality
among TJA patients. This may be partially explained
by the emergence of antibiotic resistant organisms
and the increasing number of TJA patients who are
elderly and have a high number of comorbidities,
which increases the risk of wound complications and
infection [3,4]. PJI occurring in the first three months
after TJA are wusually caused by virulent

microorganisms such as Staphylococcus —aureus,
whereas delayed infections (3-24 months after
surgery) are usually caused by low virulent
microorganisms  such as  coagulase-negative
Staphylococci [5]. Skin is recognized as the major
source of both these organisms. Pathogenic organisms
residing on the skin can reach implants during the
time of surgery or through the blood from a distant
source [6]. Since the early work of Joseph Lester, the
importance of skin antisepsis to prevent surgical site
infections (SSI) have been recognized in the medical
field [7]. A number of antiseptic formulations are
currently available to decrease the skin microbial load
during the time of surgery. Chlorhexidine is a widely
used skin and mucus membrane antiseptic and is
active against a broad spectrum of organisms. This
review focuses on the current applications of various
chlorhexidine formulations in TJA and the evidence in
support of the use of chlorhexidine.
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Table 1. Common applications of chlorhexidine gluconate (CHG) in total joint arthroplasty.

Use Commercially available CHG Current evidence International Consensus on
preparations Periprosthetic Joint Infection [49]
Preoperative Shower: 4% CHG solution Evidence based on mostly observational studies. Clear reduction | Whole body cleansing with CHG

skin cleansing | (Hibiscrub®, BactoShield®)

Cloth: 2% CHG

in skin bacterial load. Reduction in surgical site infection is less
convincing. Multiple applications are required. Better compliance | surgery (Strong Consensus)

starting at least the night before

(SAGE® products) could be seen with cloths compared to showers.
Surgical site 2% CHG and 70% isopropyl Some evidence suggesting superiority of CHG with alcohol over | No single agent recommended.
preparation alcohol (Chloraprep®) other preparations. Combination with alcohol preferred.
(Strong Consensus)
Hand 4% CHG scrub (BD E-Z Scrub™), | No clear difference between CHG based scrubs and other Mechanical hand wash for at least 2
antisepsis 1% CHG and 61% ethyl alcohol antiseptics. minutes. No agent recommended.
(Avagard™) (Strong Consensus)
Irrigation 0.05% CHG solution (Irrisept®) Have bactericidal and anti-biofilm properties. But, can be Not Available
solution cytotoxic at even low concentrations. Clinical utility yet to be

established.

Mechanism of Action

Chlorhexidine is a bisbiguanide and exists as a
cationic form at physiological pH that binds to the
negatively charged bacterial cell wall, altering the
osmotic equilibrium of the bacterial cell [8,9].
Chlorhexidine is water insoluble and the
commercially available chlorhexidine is usually
formulated with gluconic acid to form water soluble
salts for clinical applications [8]. Chlorhexidine
gluconate (CHG) 1is available in a variety of
concentrations (0.5%-4%) and formulations (wipes,
cloths, scrubs, solutions) (Table 1). It is available as
either a single agent or in combination with alcohol
(isopropyl alcohol or ethyl alcohol) [9]. It is
bacteriostatic at low concentrations (0.0002% to 0.5%)
and is bactericidal at much higher concentrations
(>0.5%) [9,10]. At lower concentrations, it disrupts
cellular membranes resulting in leakage of cell
contents. At higher concentrations, chlorhexidine can
cause coagulation of intracellular contents. Although
very high concentrations of chlorhexidine can result
in ATPase inactivation, the lethal effects of
chlorhexidine are primarily mediated by membrane
disruptive properties [11]. It has broad spectrum
activity and is highly effective against a wide variety
of organisms responsible for PJI, like Staphylococcus
aureus (including methicillin-resistant Staphylococcus
aureus ~ [MRSA]) and  coagulase  negative
Staphylococcus. 1t also demonstrates activity against
gram-negative bacteria, fungi and to a lesser extent,
mycobacteria. It is sporostatic, but not sporicidal [9].
Chlorhexidine is up taken by the bacteria at an
extremely rapid rate with the maximum uptake
occurring within 20 seconds [12]. The uptake is
possibly due to passive diffusion and is concentration
dependent [13]. Very little additional binding occurs
with increased exposure times and most of the
bactericidal effects of CHG occurs immediately

following contact with the bacteria [14]. However,
CHG retains its antimicrobial activity for long
durations and can thus prevent further bacterial
surface attachment and growth. The antimicrobial
activity of CHG has been documented to persist up to
48 hours of contact with skin [15]. This rapid and
persistent action of chlorhexidine makes it an ideal
antiseptic for pre-operative skin preparation.

Preoperative Skin Cleansing

Skin colonization provides a reservoir from
which bacteria can be introduced when the skin
barrier is breached by shaving, aspiration, or surgery.
Colonization clearly increases the risk for subsequent
infection [16]. Skin preparation during surgery is
limited to the operative field. However, skin flora of
the remaining skin can also act as source of infection
[6]. A preoperative antiseptic shower or bath can
decrease skin microbial load significantly and has
been suggested to decrease the incidence of SSls. In a
prospective study of more than 700 patients, Garibaldi
[17] showed that patients who received preoperative
antiseptic showers with CHG compared to
povidone-iodine or regular soap had a significantly
higher reduction in skin bacterial load. Although
other studies support the role of CHG showers in
reducing bacterial count, the role of CHG in
decreasing wound infection rates is controversial
[18,19]. Hayek et al [20] demonstrated that CHG
showers decreased the risk of infection compared to
conventional bar soap or placebo. However, the
clinical efficacy of CHG showers have been
questioned in a number of other studies [21,22]. In a
Cochrane review, preoperative showering or bathing
with CHG failed to show any benefit over other wash
products in reducing SSIs [23]. The contrasting
findings across studies could be due to the variability
in the protocols for bathing in the different studies.
For example, multiple applications of CHG can be
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superior to a single application as the antibacterial
effect of chlorhexidine is cumulative [19].
Chlorhexidine can adhere to skin and remain on the
skin even after rinsing and drying. With repeated
applications, chlorhexidine accumulates on skin to
produce higher concentrations resulting in increased
immediate bacterial reductions, a property termed
cumulative effect [24,25]. Paulson et al [18] evaluated
the effect of daily CHG showers over 5 days and
found that greater reductions in microbial counts
were observed as the study progressed. Furthermore,
contrasting findings across studies can be a result of
the heterogeneity in the study populations with
respect to risk factors for wound infection. Nasal
carriage of S. aureus is known to be a risk factor for
bacteremia and subsequent development of infection
[6]. Numerous studies have demonstrated S. aureus
decolonization protocols can decrease the incidence of
infections after TJA [26,27]. In a multicenter,
double-blinded, randomized controlled trial (RCT),
Bode et al showed that patients with S. aureus nasal
carriage who were treated prophylactically with
mupirocin nasal ointment and CHG soap had a
significantly lower risk of SSIs [28]. Since most of the
decolonization protocols involved the use of CHG as
an adjunctive to other measures, it is difficult to
establish the independent effects of CHG showers.
But, it is likely that the effects of preoperative CHG
shower might be pronounced in patients with certain
risk factors for infection like S. aureus colonization.
Kapadia et al stratified total knee arthroplasty (TKA)
patients based on the risk of wound infection and
demonstrated that the benefits of preoperative CHG
was predominantly observed in medium and high
risk patient populations [29].

Since preoperative CHG bathing is patient
dependent, the reproducibility of this practice is
concerning. Despite the efforts to educate patients
regarding preoperative bath, it is difficult to ensure
compliance to the regimens [30,31]. Cloths have been
recently advocated as these are relatively simpler to
use, resulting in better patient compliance. CHG
impregnated cloths are commercially available and
patients are given instructions to use these clothes
before TJA. In a study by Edmiston et al [32] which
compared the bacterial concentration at various skin
sites after CHG shower and CHG cloth, it was found
that cloth resulted in higher concentrations of CHG at
the skin. They also showed that certain skin sites
attained sub therapeutic concentrations of CHG with
use of shower, while cloths were able to achieve
higher concentrations uniformly across multiple skin
sites. The reasons for the superior efficacy of cloths are
unclear and probably due to better compliance and
the design of the cloth allowing for better skin

penetration [33]. In an observational study by Eiselt
[34], incidence of SSI following TJA after the
introduction of 2% CHG cloth reduced by 50%. In a
prospective study evaluating infection rates after total
hip arthroplasty (THA), patients who were compliant
to the CHG cloth regimen had lower rates of SSI [33].
Similar results were obtained in TKA patients [35]. In
two studies of more than 3,000 patients each, Kapadia
et al [29,36] showed that preoperative CHG cloths
administered on the evening before surgery and
morning resulted in statistically significant reduction
in SSI after both TKA and THA. However, none of the
studies were performed in a randomized controlled
manner. On the contrary, Farber et al [37] found that
introduction of CHG impregnated wipes in the
pre-surgical setting was not associated with a reduced
SSI incidence. The contrasting findings could be due
to the differences in the protocol for CHG application.
In the study by Farber et al [37], a nurse applied the
CHG wipes which ensured 100% compliance in the
patients. However, the application was only limited to
the morning of surgery in the pre-surgical setting,
while in the studies by Kapadia et al [29,36] CHG was
applied the night before and on the morning of
surgery. Since chlorhexidine is shown to exert a
cumulative effect with repeated applications, it is
possible that multiple applications might be necessary
to significantly reduce surgical site infections.
Additionally, in the study by Farber et al [37],
preoperative cleansing was limited to the surgical
area only. In a large RCT, whole body CHG cleansing
was shown to be superior in decreasing SSI rates
compared to local cleansing alone, suggesting that
preoperative skin cleansing with CHG should include
the whole body to provide desired benefits [38].

Surgical Site Preparation

Transient pathogenic skin flora present at the
time of incision can be easily removed by a number of
antiseptic agents. The iodophors (e.g.
povidone-iodine), alcohol-containing products and
chlorhexidine are the most commonly used agents for
surgical skin preparation [7]. Although CHG is the
preferred agent to prevent catheter related infection,
the preferred antiseptic agent for surgical site
preparation is less obvious [7]. Alcohol is readily
available, inexpensive, and has the fastest onset of
action, while chlorhexidine has the greatest residual
antimicrobial activity [39]. One major disadvantage of
the use of alcohol in the operating room is its
inflammability [39]. CHG is not inactivated by blood
while iodophors may be inactivated by blood or
serum proteins [39,40]. A number of studies have
shown the superiority of CHG preparations in
decreasing the bacterial load compared to iodine
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based products [41-44]. However, it is unclear
whether this superiority of CHG in decreasing the
microbial load is clinically relevant as the observed
reduction in bacterial load do not necessarily result in
a reduction of SSI [43,45]. In a single institution
prospective series of all surgical patients, Swenson et
al [46] assessed the SSI rates after sequential
implementation of skin preparation with one of the
three protocols: povidone-iodine with isopropyl
alcohol, CHG in isopropyl alcohol and iodine
povacrylex in isopropyl alcohol. The authors found a
significantly higher post-operative infection rate
during the period when CHG was used. On the
contrary, in a large multicenter RCT, Darouiche et al
[47] showed that using 2% CHG with 70% isopropyl
alcohol resulted in significantly lower rates of SSI
compared to 10% povidone-iodine paint, though
alcohol was not used in povidone-iodine. In a large
comprehensive meta-analysis of RCTs, it was found
that CHG-alcohol was superior to alcohol-based
povidone iodine paint [48]. However, this was based
on a single inadequately reported study and the
included trials significantly differed in the skin
preparation protocols, limiting the ability to make
definite conclusions. Additionally, no studies have
adequately assessed the comparative effects of
various preoperative skin antiseptics on SSI risk
following TJA. Due to the lack of conclusive evidence
to support one or the other antiseptic, the
International Consensus on PJI (ICPJI) recommends
using alcohol based antiseptic containing either CHG
or iodine [49]. The updated guidelines from Centers
for Disease Control and Prevention (CDC) and
Healthcare Infection Control Practices Advisory
Committee (HICPAC) also recommend the use of
alcohol based products for surgical site preparation
unless contraindicated [50].

Hand Antisepsis

Surgeons and assistants routinely carry out hand
asepsis before surgery to decrease transfer of bacteria
to patients” wound. The two most common forms of
hand antisepsis involve hand scrubbing and hand
rubbing [51]. Scrubbing is conducted using aqueous
solutions containing antiseptic ingredients such as
CHG or povidone iodine, while rubbing involves
alcohol based products which are left to evaporate.
The most effective protocol and the desired agent for
surgical hand antisepsis are still unclear. Alcohol is
effective against a wide range of bacteria and other
micro-organisms and cause an immediate reduction
of 95% of the resident flora and a 99% reduction with
repeated applications [13]. Chlorhexidine can be left
on the hands, and it will continue to lower bacterial
counts during the procedure [52]. CDC recommends

2-5 minutes of surgical scrub of hands and forearms
up to the elbow, though the antiseptic of choice is not
mentioned [7]. In a multicenter RCT, Parienti et al [53]
demonstrated that hand-rubbing with aqueous
alcoholic  solution, preceded by a 1-minute
non-antiseptic hand wash was as effective as
traditional hand-scrubbing with antiseptic soap (4%
povidone iodine or 4% CHG) in preventing surgical
site infections. However, no direct comparisons were
performed between CHG and povidone iodine, and
alcohol. In a meta-analysis of 14 clinical trials, Tanner
et al [54] showed that CHG scrubs may reduce the
number of bacterial colony forming units (CFUs) on
hands compared with povidone iodine scrubs;
however, it failed to show significant reduction in the
rates of SSI. Also, they concluded that alcohol rubs
with additional antiseptic ingredients like CHG may
reduce bacterial CFUs compared with aqueous scrubs
[54]. The ICPJI states that there are no clear differences
between various protocols and agents and hence do
not recommend any particular agent, although it
recommends hand washing for at least 2 minutes [49].

Irrigation Solution

Extensive debridement with or without
antiseptic irrigation is an important step in the
revision of infected joints. While irrigation is one
among the many steps in revisions with component
removal, it is probably the most important step in
revisions with component retention. Despite the large
amount of literature dealing with the outcomes of
irrigation and debridement, little is known about the
best irrigation solution to use. There is no clear
consensus on the protocol or the irrigation solution to
be used for debridement of infected joints [55].
Normal saline (NS), castile soap, bacitracin solution,
CHG, betadine and hypochlorite are some commonly
used irrigation solutions [56,57]. Most surgeons use a
combination of irrigation solutions for the
management of PJI [58]. However, there is little
evidence to support the use of any antiseptic or
antibiotic solution compared to NS alone [59,60]. In a
large multicenter RCT comparing irrigation protocols
of open fractures, irrigation with NS resulted in lower
rates of infection than castile soap solution and low
pressure was equally effective as the high pressure NS
irrigation [59]. In another RCT, bacitracin solutions
offered no advantage over NS irrigation in decreasing
wound infection after open fractures, though wound
healing problems were higher in bacitracin treated
patients [60]. Schwechter et al [61] showed that CHG
solutions could be potentially used to decrease
biofilm load on orthopedic implants using an in vitro
model of MRSA infection. In a later study published
by the same group, the optimal concentration of CHG
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was evaluated and it was demonstrated that
concentrations above 2% was required to provide
persistent decrease in the biofilm [62]. Although lower
concentrations of CHG decreased biofilm, there was a
rebound growth of biofilm with prolonged incubation
suggesting that the lower concentrations are likely to
be ineffective in vivo. However, concentrations of
CHG as low as 0.02% can be cytotoxic to human
fibroblasts [63]. In an in vitro study, dilute
povidone-iodine was found to be the optimal
irrigation agent due to its low toxicity at bactericidal
concentrations [63]. While other antiseptics, like CHG
and hydrogen peroxide, were found to be bactericidal
at commercially available concentrations, cytotoxic
effects on human fibroblasts and mesenchymal
stromal cells were noted at their minimum
bactericidal concentrations (MBC). Despite the lack of
sufficient evidence in favor of one or the other
irrigation solutions, many antiseptics are routinely
used for irrigation of the infected joint due to
perceived benefits of antiseptic solutions. In a survey
of 186 orthopedic surgeons, the majority of the
surgeons responded that they regularly use
antibiotics in irrigation solutions [64]. The current
orthopedic literature is lacking enough information
regarding the appropriate volume, technique, and
type of irrigation fluid, and much of the practice is
based on experience rather than evidence.

Novel Applications

Maintaining a clean wound post-operatively is
equally as important as preoperative and
intraoperative measures to reduce bacterial load at the
operative site. Although, there is a theoretical risk of
the wound acting as portal of entry for skin microbes,
there is insufficient data to support the routine
prophylactic use of antimicrobial coated dressings
[65,66]. CHG impregnated dressings have not been
studied in detail, and most of the literature on
antimicrobial dressings in TJA deals with silver
impregnated dressings. CHG coated adhesives can
result in significant reduction of the skin resident flora
compared to non-antimicrobial adhesives, especially
when the dressings are used for prolonged periods
[67]. In a meta-analysis of nine trials,
CHG-impregnated dressings were found to be
beneficial in preventing catheter colonization and,
more importantly, catheter-related bloodstream
infection [68]. In a retrospective study of patients
undergoing foot and ankle surgery with external
fixators, CHG dressings were shown to decrease the
rates of pin infections [69]. CHG coated sutures have
also been developed [70]. It is proposed that these
could be useful in cases of triclosan resistance.
Triclosan is a broad spectrum antiseptic, and triclosan

coated sutures have been shown to decrease SSI,
especially in abdominal surgeries [71]. However, the
potential benefits of these experimental applications
of CHG are doubtful and have yet to be studied in
TJA population.

Resistance

A number of studies have recently reported that
the prevalence of Dbacteria with reduced
susceptibilities to chlorhexidine is increasing [72-76].
Resistance is mediated through reduced permeability
of chlorhexidine, inactivation of the chlorhexidine
molecule and efflux mechanisms [75]. Additionally,
the presence of organic matter, altered pH and biofilm
can result in reduced susceptibilities to chlorhexidine
[9]. Since sub-therapeutic concentrations may be
linked to emergence of resistance, the residual activity
of chlorhexidine could promote resistance in resident
skin flora. The prevalence of the genes mediating
resistance in coagulase negative Staphylococci species
was found to be higher in isolates from nurses
compared with those from the general population,
indicating that the hospital environment could exert
selective pressure for emergence of resistant strains
[76]. Multi drug resistant strains of organisms
commonly encountered in PJI like MRSA have been
shown to exhibit reduced susceptibility to
chlorhexidine [72-74]. This is of particular concern
given the widespread use of chlorhexidine for the
purposes of MRSA decolonization before TJA [26].
Although MRSA may be associated with higher
chlorhexidine minimum inhibitory concentration
(MIC) or MBC than MSSA, the clinical relevance of
this finding is not fully established [77]. The
concentrations achieved when chlorhexidine is used
as recommended by the manufacture are several
orders of magnitude higher than the MBC of S. aureus
[78]. Cookson et al showed that chlorhexidine remains
effective at killing S. aureus that have an elevated
chlorhexidine MIC, questioning the clinical
importance of elevated MIC [77]. Although
chlorhexidine has been widely used in clinical
practice for more than five decades, resistance does
not appear to be a major problem. However, every
effort should be made to prevent unnecessary and
improper use of chlorhexidine to prevent such issue.

Adverse Effects

CHG has been extensively used as a skin and
mucous membrane disinfectant due to its excellent
tolerability. CHG is poorly absorbed through intact
adult skin [79]. Since most uses of chlorhexidine are
limited to intact skin, very few adverse events have
been reported for CHG [9]. The most frequent adverse
reaction to chlorhexidine is contact dermatitis [9].
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However, serious adverse reactions like anaphylaxis
are being increasingly reported with the use of CHG
[9,80]. As CHG is a common antiseptic agent used in
medical practice and personal hygiene products, there
is a potential for sensitization to CHG in the general
population which can result in serious
hypersensitivity reactions [80]. Most of the serious
reactions to CHG have been associated with the use of
CHG on mucous membranes [80,81]. For example, a
severe anaphylactic reaction was reported in a patient
sensitized to CHG present in the gel used to insert a
urinary catheter, requiring the patient’'s hip
replacement surgery to be postponed [82]. CHG
solution has also been shown to be cytotoxic to human
fibroblast, osteoblasts and lymphocytes in a time and
dose dependent manner [83-85]. The potential
adverse local and systemic effects from intra-articular
use of CHG remain largely uninvestigated. Accidental
irrigation of 1% CHG during knee arthroscopy was
reported to result in extensive chondrolysis in a case
series of five patients [86]. In an in vitro study, very
low concentrations of chlorhexidine that have little
effect on cellular proliferation was shown to
significantly reduce both collagen and non-collagen
protein production of human gingival fibroblasts [83].
Therefore, intra articular irrigation with even dilute
concentrations of chlorhexidine for short periods of
time can have serious toxic effects on collagen
producing cells and might result in delayed wound
healing.

Cost Effectiveness

The treatment of PJI is extremely challenging
and imposes a heavy burden on the healthcare
system. The annual cost of infected revisions to US
hospitals had increased in the recent years and is
projected to exceed $1.6 billion by 2020 [87]. Utilizing
antiseptics, including CHG, are considered as key
steps in surgical procedures including TJA are
relatively cheap. However, with increasing focus
being placed on cost effective interventions, it is
important to choose the most effective antiseptic
protocol. In a systematic review, Lee et al concluded
that chlorhexidine is more effective in surgical site
antisepsis than iodine and results in significant
cost savings [88]. Pre-operative use of chlorhexidine
cloths has recently gained popularity and is routinely
employed to decrease the skin microbial load. Since
PJ1 is an expensive condition and use of CHG cloths is
relatively cheap, CHG cloths could be a cost-effective
intervention even if marginally effective. In one study,
CHG cloths were demonstrated to decrease healthcare
costs, resulting in a net savings of approximately $2
million per 1,000 TKA [89].

Conclusions

PJI is a serious complication after TJA with
significant morbidity and mortality. Simple, cheap
and effective strategies to prevent PJI can improve the
outcomes of TJA and result in significant cost savings.
CHG is available in a number of different
formulations and concentrations, and it has been used
in medical practice for a very long time. Despite its
proven antiseptic effects, the current literature is
limited by the lack of high quality trials which can
provide definitive answers regarding the clinical
effectiveness of various CHG preparations in
preventing and treating PJI. However, given the
relative safety of CHG products and limited
emergence of resistance, pre-operative skin
preparation with CHG appears to be a beneficial
intervention in decreasing the incidence of PJI. CHG
preparations containing alcohol is an effective
antiseptic for surgical site preparation as well as hand
antisepsis,  although  the  superiority  over
povidone-iodine is not fully conclusive. Antimicrobial
solutions are increasingly being used for
intra-articular irrigation, and further research is
necessary to establish the safety and effectiveness of
CHG containing irrigation solutions.
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